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1. SIMMARY

Lavrence Livermore Nationsl Laboratory (LLNL) has assessed the environ-
mental effects of a proposed series of tiquefied ammonia (HHJ) and nitrogen
tetroxide (N,0,) spill tests. This short-tern program of field experi-
aents ig designed to simulate accidental releases of these meterialg from
pressurized transport snd storage ve.,els. The information gained from these
studies is needed to deterwine the safety problems presented by accidental
spills end to develop better models to predict the dispersion behavior of

these heavy gases.

The proposed location for this series of spill taste is Prenchman Flat on
the Navads Test Site (NTS). Frenchman Flat is a desert alluvial basin with o
dry lake bed or playa st the centar. It was selected hecause it seets geo-
physical and meteorological requirements, it is rewote from population centers,
it is on a fedaral installation with coatrolled accass, and it is advantageous

in tarms of cost and logietice.

No permanent facilities would be coustructed and surface disturbance

would ba minimal. The major concern is for the effecta of the experimental
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1. SUMMARY

Lavrence Livermore National Laboratory (I.LNL) has assessed the environ-
sanral effects of a proposed series of liquefied ammonia (NH3) and nitcogen
tetroxide ("204) apill rests. This short—term program of field experi-
ments is designed to simulate accidental releaseas of these materials from
pressurized transport and storage vessels. The information gained from these
studies is needed to determine the safety problems presented by accidental
apilly and to develop better codels o predice the dispersion behavior of

these heavy gases.

The propoaed location for this aeries of spill teets is Frenchman Flst on
the Nevads Teat Site (NTS5). Freanchman Flat is & deaert alluvial basin with a
dry lake bed o. playa st the center. 1t was pelectad hecause it westa geo-
physical and meteorological requirements, it is remote from population centers,
it is on a federal imetallation vith controlled sccesn, and it i»s advaatagecus

in terme of cost and logistica.

No permsnent facilities would be constructed and surface disturbance
would be minimal. The major concern {s for the effects of the axperimental
releases of NHy and N0, , gases that are toxic at high concentratisns.

The acope of the tests is such that Nevads guidelines for significant eaiesion
rates would not be exceeded. A wodified Caussian plume model was used to
compute the downwvind range to various significant contentrations of MH, and
NO;. These calculations were then used to estimste the potential etfeces of
the spill tests on natursl vegetacion end wildlife. The highest NH, and

NO; concentrations would be largely confined to the barren playa. No

threstened or endangered plant or animal species are present in the test area.
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II. PURPOSE AND NEED FOR ACTION

The proposed field experiments are designed to [nvestigate the behavior
of liquefied ammonia (NH3) snd nitrogen tetroxide (nzok) vhen rcleased
into the atmosphere. These tests will simulate accidenta) truck-load sized
spilts of the two liquids in order to schieve better understanding of che
safety prodblens posed by such incidenta. The proposed series of NH, tests
will help to meel the safety requiresents of the Uniced States Coast Cuard
(USCG), The Fertiliser Institute (TFl), and other interested organizations.
The proposed N,0, research will help to define the hagarde rhat might be
posed by staoapheric release of this rocket-fuel oaxidizer. 1t will meec the
neads of the United States Air Force (DSAF) Engineering Services Laboratory
(Environics Division), Tyndall Air Forece Base, ite affitiates at Hill Air

Force Base, and the USAF Space Division.

The proposed experimental program is needed to achieve a better under-
standing of the movement and dispersion of liquefied NH, and uzok upon
accidentz) relesase onto land from pressurised tranzport or storage vesaels.
Because these gases ate heevier then air at the time of vaporisatrioen, rhey do
not obey the classical laws of atwospheric dispersion. Existing dispersion
wodels msy not be adequate to predict the behavior of these hazardous sub-
atances. For exsmple, liquefled NH, forms a liquid aerosol when released
from a pressurized containment tank; yubsequent evaporation and adiabatic
cooling produces a cold, dense vapor cloud which exiating models may not treat
adequately. Nitrogen terrowide will diseociate into a mixture of N,0, and
nitrogen dioxide (302) as it dimparses. This results in an sffective
decresse in the soleculsr weight of the minture that must be coupled with the
appropriste atmospheric dispersion parameters to adequately predict downwind
concentrations. Other effects, such gs deposition on the ground and oxidation

say algo be important and raquire inveacigstion.

The Liquefied Gaseous Fuels (LCF) Program of LLNL has bees involved since
1978 in fiald expariments similar to those proposed here. The LGF Program has
thue lar conceatrated primarily on the hasards asacciatad with atmospheric
releases of liquefiad natural gas (LNG). However, NH, and N,0, are also
densa gases with properties similer to LNG. They can be studied economically
using the experimental end analytical tools developed for LMG. Thue, the
116e/3s
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proposed investigations are a logical extension of past LLMNL work. Although
the limited gcope and ahort duration of the proposed experimental program will
not allov s complete evaluation of dispersion models under a variety of atmos-

pheric conditions, it does represent an ambitious first step in that direction,

116n/3s
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I111. DRSCRIPTION OF PROPOSED ACTION AND ALTERNATIVES

A. Tha Proposad Actien

1. Introductios

LLNL proposes to conduct a series of tests, supported by the USCC and the
DSAF, at Franchman flat on the NTS$ to simulate accidental, tanker truck-sized
apills for emch of two liquefied gases. ELach liquid, "“3 and "106' would
be spilled to investigace the safety probleas they present during accideatal
release. In both casas, the tests would be conducted in the summer during the
morning or early afternoon, so thet dispersing vapors will briefly attain
concentrations which are odorous, but not life chreateniag, at a range not more
than 5.5 kw (3.4 mi) downwind from rhe apill. Life-thresatecing concentrations
will be largely confinad to a barren playa (dry lake). The tesr series is
proposed to be conducted over a two-to-three—month period. Each epill in the
test saeries would be lesa than 10-min duration, and only about two tests would
be conducted per week. Less than 140 tons of NH3 (saeven tanker trucks) and

less than 40 cons of N,0, (three ranker trucks) will be the total spilled,

No construction or permanent facility is propceed; a trailer park for
command and coatrol functions would be installed at a safe distance upwind.
Holding tankers, dispensing equipment, monitaring equipmear, and peteorologicel

towers would nll be inatalled on & temporary basis.

2, Project Descriptionm

The apill relsase point would be located near the spourhwest end of French-
wan Flat playa (dry laka) to take sdvantage of the persistent socuthwesat winds.
During a spill, approximarely 3.2 km (2 wi) of the barren playa will tie {n
tha imsed{ete downwind direction. The liquids will be transporcted in approved
tenker trailers and stored nt NTS prior to testing. They will be moved to the
Frenchasn Plat spill gres, where they will be relessad from the tanker trailer.
When nacessary, the liquids will be forced out of che tanker by high=prassure

nitrogen gas from a standard treiler which will be located nearby.

1160/3»
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Existing 10-m tal) towers, 6-m tall masts, tower bases, gas densors,
anesometers, cameras, and other equipment will be sel up on the playas in a
wvedge-shaped array downwind, along a soucthweset—-northeast centerline pasiing
theough the spill poine. The instruwmeat arrangement will remain fixed through-
ouc the series of teats, except for replacement of sennors between teaLs and
other minor changes. A radio relemetry system will gsend data to the ¢command
and contro) trailer for digplay in real rime. Wind end turbulence data from
this network of towers will be used to determine when the wind is eufficiently
steady and has & satisfactory speed and direction #uch that a test csn be per-
formed ssfely, Gas sensntre will detect when the vapor cloud has passed the
array, and if necessary, when 2 spill should be terminated, Special meteoro-
logical data will be obtained vsing & 20=m tower upwind of the apill point to
determine the verctical wind profile and the atmospheric etability. TV and
motion-picture cameras at fized locations will be set up to view the apill
area and to give a side view of the cloud some distance downwind of the epill
point. TV monitors will be placed in the command and control trailer. The
vepors of KM, and of N,0, wvill be vigible at dietances close to the
spill point because of sercsol droplet formatiom and light abaorption,
respectively. The initial vapor cloud size and direction of vapor cloud

travel will be wagily wonictored.

Only a small number of tests would be performed in the proposed eeries
and each 3p{ll would be less than 10 min duration. 1t is likely that for the
NH3 tests only four to eix raste could be performed over s nominal ome-month
test period. Mosc of these will involve sbout 30 a' (27,900 gal) of liquid
with one large test of 60 o' (15,800 gal). For che N0, there will be
three kinds of experiments conductad over a one-month period: (1) portable
foam vapor suppresaion system (PFVSS) testa--three to four spills (2-3 o’
esch), (2) dispersion tests—two spills (4-5 a' each), and (3) source
definition tests—thres to four spille (1-3 »' each). Thus, tha total
aumber of teats parformad is entimated to be less than gix NH, spills and
less than ren N,0, spills, snd the series of tests would be completed in

about two wmonths of operation.

Upon completion of the rests, all trailars, towers, sad other reaiduals
and remaining equipment will be removed within threa monthe of complation
unless othervise extended by perwission from the DOE. Other similar teata muy
116¢/3»
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be proposed to utilize the equipment and be approved at the discretion of DOE.

Any such teate will be proposed within s separate environmental assesgment.

3. Project Operation

The o6pill test procedures will begin on the day preceeding a test vith a
readinegs briefing predented to the DOE Repreaentative by the Teat Director.
A security chack will be made four hours prior to test to exclude all but
designated tesz personnel. A follow-up weather and readiness briefing will be
made three hours prioy to the tesr. A faciliey control checklist will be
started at the commind and controel center two hours prior to the test., At 45
min prior to the test, the Test Director will request permission ro arm the
spill facility, chat is, to open a manusal shutoff valve. At 20 min prior ta
test the facility will be pressurized and ready. The test will then be carried
out, and the Test Director will advise the DOE Representstive that the facility
is ready to secure. Finally, the DOE Representative will release the facility

for survey, and mecurity gusrds can open the area to normal activity,

There will be no classified aspects of the proposed experiments. There~
fore, the only mecurity messuresa to be conaidered have to do with poasible

hazards of exposure to toxic vapors.

4. Hagzardous Vapora

The proposed tests are designed to improve merhods for safe trenmporz and
storage of NH; and “204 and for hazards forecasting in the event of accidental
spills. Thus, it will be neceasarily to handle and release these harardous
fluids in a safe and controlled manner during the study. Table 3.1 indicates

the effects and expogure limite of various concentrations of Ni, and uaob.
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Table 3.1

A Guide to the Effects of NH3 and '206 at Variosus Concentrations

(Parts—per-Million by Volume)

Immediacely Danguoul‘

Emergency Exposure Limit (l.!sA!‘)2

Permiesible Exposure Limit (osm)1

Approximare Tolerant udm:l 3

Theeshold Limit Value-Short Terwm
Kxposure Limic (TLv-sTEL)®

Threshold Limit Value-Time Weighted
Average (n.v-m)"

NHy

> 2506 Y]
500 ppm (10 wmin)
50 ppm (8 hrs)

25 ppa

3% ppa (15 min)

25 ppum (8 hrs)

N0, (aw NOy)

> 100 ppa

30 ppm (10 wmin)

3 ppm (8 hre)

3 ppa

S ppm (15 wmin)

3 ppe (8 hre)

1 Occupational Health Cuidelines, U.S. Dept. of Health and Human Services

and U.8. Dept. of Ladbor

2 USAF Aevcapace Medicine, Chemical Rocket Propellant Hasards, Vol. II, AFM

161-30 (1973).

3} Odor threshold for lﬂa ia 5 ppe, but is unodbjectionable to some at 50
d

Ppm. Odor threshol

or N0y ie ) ppm.

4 ACGIN (1979) Amsrican Conference of Covernmental Industrial Hygienists,
standard for chemical substances in the work place.
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5. Personnel

There vill be no wore than six LLNL sciencific and engineering persoanel
on duty to carry aut the propased series of tests. Other personnel involved
vill be the exiating staff of WIS agencies, such as operations, weathar,
security, medical servicaa, fire protection services, eangineeriag and cons-
truction services for the trailer park, and others as may de required.
Personnel from the USCG, che USAF, and other essociated sponsors may he

occasional visizors.

8. Alternativea to the Proposed Action

1. No Project

1€ this alternative is adopted, the prouposed NH3 and “1qb spill
tests will not be carried out. This is not coansidered to dbe = viable
Alternative, since this resegrch is urgantly needed to provide experimental
data for verification and normalization of computer models which predict the
2ffects of mccidenta involving cthase substances. The information will be used

to make safer the shipping, storage, and handling of these substances.

2, Tests of a Different Magnitude

The scope of the project end the aize of che tests could ba reduced. How-
ever , this i3 not a reasonable alternative, Tests of the proposed magnitudes
are the logical and neceseary next steps beyond tests performed in tha past.
The proposed tests would effertively reproduce what might happen in the case
of a tenker truck or railrosd tenker accident. The data will be used to vali-

date computer codes for accidents up to and perhaps somewvhat deyend this size.

116a/)s



IV. EXISTING EMVIRONMENT

A. GCeneral Description and Land Use

Prenchman Flat ia & desert alluvial basin with a playa (dry lake bed) in
the center. It is on .he east side of Area S of the NTS, astride the NTS-
Nellie Air Porce Range (AFR) boundary. The area is 17 km north of Mercury,
Nevads (a DOE support facility on the RTS), snd sbout 80 km northwest of Las
Vegas, Nevada. The western boundary of che Desert National Wildlife Raange
(DWWR) is 1 ka east of the NTS-MNellis boundary (Figs. &.1 and 4.2). A shallow-
burial storage site for low-level raedioactive waste is & km north of the playa.
Two km further north is a support location for the Defense Nuclear Agency
(DNA), which is occesionally used for their projeces. Mercury RHighway, the
aain aorth-sourh accesss road in NT§, is 6 km west of the playa. Frenchman
Flat haes been used in the past for nuclear bomb rests, underground nuclear bombd
tests, and non-nuclear explosives teats. Currently the areas is occasionally
used for non~nuclear explosives testing (U.S. Energy Research & Development
Administration, 1977; U.S. Department of interior, BLM, 1980). There will be

na interferance with these tests.

NTS is aurrounded on the north, west, snd east by Nellis AFR, except for
approximazely 19 km of the western boundary which {s adjacent to public land
aduinistered by the Burwsu of Land Menagewent (BLM). Mellis AFR ie used for
bombing and gunnery practice. The portion of Frenchmen Flat that is within
Nellie AFR iz not used as a prectice range, though military aircrafr do occa-
sionally fly over. The large areas of desert to the eouth-east &nd west of NTS
heve been used for mining, ferming, and grasing. The arez is currently a
sparsely populated rural region; the main economic activities are wining aad
graging. The southern area ia crossed by US Highway 95 vhich passes through
Beatty (pop. 500, 75 km from Franchman Flat), Lathrop Wells {pop. 40, discence
46 km), and Indian Springs (pop. 1800, distance 30 km). To the eest of Hellis
ATR is Kighway 9). The nedreat community ln this erea is Alemo (pep. 500), 90
km to the northeast of Freachman Flat {U.S. Energy Reseerch & Davelopment
Administration, 1977; U.3. Department of laterior, BLK, 1980).

116s/1s
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B. Topography, Ceography, and Soils

Frenchasa Flat is one of the three main velleys in NTS (Fig. 6.3). It is
en ~val-shapad basin with a large flat playa in the center and no external
drainage for warer. The walls of the basin are formed by mountains and ridges.
Betwaan the mountaine and the valley floor are bajadaw, sloping alluvial fans
that werge with the valley floor (U.5, Energy Research & Development Adminia-
tration, 1977; U.S. Department of lnterior, BLM, 1980)., The wountaias are
composed of Paleozoic ses-bed eedimants consisting of limestone, dolomite,
quartzite, ahale, and conglomeratas. During the Mesozoic period thay were
apthrust and folded. Portions of the mountains were covered with Terciary
voleanic deposits, priacipally rhyolitic and quarez-lazitic tuffs. Quaternary
deposite of eroded materinl from the surrounding mountains form the bajadas.
The playe itgelf is formed of sedimentary deposits over 300 o deep which are
derived from the surrounding mountains and bajedas. 1lts sands, gravels, silrs,
and clays form a level flood plain. Becaupe the sedimsnts are relatively
impervious to water, large shallow ponds form oa the playa during wer weather,
their size varying from year to year (O'Farrel! et al., 1965; U.S. Energy

Hesearch & Development Adeinigtration, 1977).

In addition to the natural fesfures, there are teveral man-made topo-
graphic fearures. The center of the playa containe a large hlast civcle Erom
the Small Boy surface ouclear blast. There are several subaidence crarers from
underground nuclear tests just north of the playa. Om the northwest side of
the playa there is a pond formed by dikes that contains water from a tritiya
migration test well (RMM25)., There ie a continuous flow of water into the poand
at g rate of 600 gpm. There are four wella on the west edge of the playa that
supply potable water to the town of Mercury (U.S. Bnergy Research §

Davelopment Administratiom, 1977).

The soils of Frenchaan Flst ares ave typical desert soils, formed slowly
under conditions of low molsture and high cemperature. The eoils have formed
over s mizture of limestone and alluvium, and tend to be quite alkaline (pH
8-9). Where thers is a high proportion of limeatons, such as in the southern
portion of Frenchman Flat, the s0oils have high carbonate levels. Thie leads to

the development of a rastrictive hardpan, usually within 70 cm of the surface.
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The coarsest aoils are found near the sountains and bajadas. TFiner textured
soile ara found in the valleys and flats. They have littie wpisture retention
capacity and almost no organic saterial in them. Because Frenchwman Flat is a
closad basin the lower slevation soile accumslace sales, The soils in and
sround FPrenchman Flat have the higheet salt conceatratioas of any of the soils

oo the NTS (O'Farrell et al., 1976; Allred et al., 1963; Rowney et al., 1973),

c. Climace and Hnuoro!o‘z

There are tvo major air sovement pa'terns thart effect the wveather at NTS.
Pacific air flowing over the Sierra Nevada exerts its iafluence from fall
through spring. Then, &s the Pacific bhigh-pressure ares dissfpates in summer,
the varm, moist airmass in rhe Gulf of Menico exerts its influence. This
leads to two peake in rainfall, the larger in winter apd the gmallier in late
summgr. The July and August summer vrainfall oftea comed in intensa thunder-
storma that can cause local flashfloads. The average annual precipitation is
largely a funcriou of altitude within this region, with higher elevations
receiving more than lower elevarions. The valley Floors, such as Frenchman
Flat, average about 10 ca of precipitation per year. The highar mesas and
mountains average 0 cm, vith some precipitation £alling as sanow (U.S, Energy

Research & Development Administration, 1977).

Average daily teaperatures are lowest in Janusry (2°C) gnd highest in
August (24°C). large daily fluctuations in teaparsture are commson, especially
on the valley floors. January temperatures at Frenchman Flat vary from -3°C
to 12°C during a 246 hr period, while July temperatures show a dafly range from
17°C to J6°C. AL higher elevations the daily varistion in tempsrature is not
a9 pronounced. Wintar temperatures are low there and the daily range is only
a faw degrees; in the summer the daily rangs may de more than 10°C (U.S8. Enargy
Research & Development Adainistracion, 1977).

There are three main influences on the directional wind patterns at the
NTS: 1) large-scnle movement of major sir-pressure syscems, 2) intarmediate-
ocale sir movements due to regional topographic features, and 3) localised
effects dus to terrain (Quiring, 1968). Ap with rainfall, the Pacific airmass

influencss the winds from fall chrough spring, while the Gulf of Mexico airmass

116a/3s
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coutrola the summer wind pacttern. HNortherly winds predominate in winter and
southerly winde in eummar, Since there i{e a general topographic trend toward
higher alevations in the northern portica of the NTIS, rhe differentisl heating
of the eurface reauvlts in aoutharly (upslope) winds during the day end
northarly (downalope) winde at night. This intermediate-acale effect is most
proanounced during the summer; it frequently overrides the larga~scale pattern.
1n turn, this regional pattern is atrongly influenced by lscal terrain effects,
aspecially by the orientation of valleys and ridges (U.S. Energy Research &
Davelopment Adminigtreviom, 1977).

The annual pattern of wind speeds on the NTS is marked by atrong winds in
the spring and mild winda in the fall. The daily cycle showe 1ittle wind at
night, iacresasing viand speeds from morning to afternason, and declining wind
apeed in the evening. Average hourly wind speeds may reach 9 m/sec on apring
afternoons. Wind gusts are often much stronger than hourly averagee. Gusts
pecur throughout the year, but sre often recorded in conjunction with late
sumer thunderstorms. Gusts of 28 m/eec are unoted every few years; very
rarely, vind speeds have axceeded 45 m/uec (Quiring, 1968; Shinn and Cedervall,
undated).

The wind patterns ia Frenchman Flat have been studied {n some detail
(Cramar and Hogan, 1978; Quiring, 1968; Shinn and Cederwall, undated). Here
local topographic festures modify the broad pattern described above for the
NTS. The basin iteelf in essentially flet, devoid of any relief that waould
give rise to eddies or local convention currenta. However, vind flow pactarns
ralated to two nearby draineges exert compiderable influence. The larger
drainage, Mid Vallay, lies to the nmorthwest of Prenchaen Flat, Nye Canyon
adjoing Frenchman Plat to the aortheaat.

Since little afternoon sun strikes Mid Vallay, it begins to cool soon
aftar eunset. During the night, cool air flows snutheasterly out of Mid
Vallsy acrosa Frenchman Flat. 1In coajunction with the prevailing summer
southerlie¢, thism results in northwest-to-west winds througheut the night.
After sunrise, Mid Valley warms faeter than Nyes Canyon and e northessterly
sirflov out of Mya Canyon dominates for a few hours. 3y midmorning the
prevailing winds are out of tha south, and by midday they are fros the south-
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wvest. There ia a consistent scuthwesterly wind through the afterncon. As the
aun sets, cool air flowing dovnslope out of Mid Valley causes the wind to
shife o a westarly direction. This directional pattern is woat pronounced

and congistent during the suwmer months.

Wind speeds at Prenchman Flat are genarally light, 1-3 u/sec, from mid-
aight to almost noon. As noaon spproaches, average hourly wind speeds increase
rapidly, paaking at sbout ? m/eec in the mid-afternocon. Wind speeds drop off
gradually chrough the late afvernoca and chen decline more quickly after
nightfall. Average wind apeeds are usually below ) m/sec. Figure 4.4
presents average hourly wind speaeds and diractions at Prenchasn Flat for June

(Quiring, 1968; Shinn and Cederwall, undated; Cramer and Hogan, 1978).

D. Air Quality

Frenchman Flat is in the Nevads Intrastate Air Quality Coatrol Region
(AQCA). The Clark-~Mojave AQCR, which includes the metropolitan Las Vegas
aArea, {a immediately to the east and southeast of Frenchman Flat. The Clark
County boundary, about 3 km east of the proposed project area, is also the
boundary of the Clark-Mohave AQCR.

There ara no ambient air quality monitoring sites on or near the NTS. An
analysis of 1974 and 1978 daca fraom wonitoring stations within the Nevada
Intrastate AQCR showed some csses in which the 24~-hr standards for particulates
and aulfur oxides were excesded (U.S. Department of Interior, BLM, 1980),
There wers no stations at which national air quality stsndards were exceeded
for carbon mnnoxide, omidants, or nitrogen oxides. Monitoring data for 1974
and 1978 in the Clark-Mohave AQCR indicated exceedsnces for particulates,
carbon wonoxide, and oxidents (U.S. Department of Intarior, BLM, 1980). 1In
1981 the monitoring station at Las Vegas veported an annual arithmetic mean
concantration for nitrogen dioxide of 48 ug/w’ (0.025 ppm) (Nevada Division
of Environaental Protection, 1982), This level i» approximately one-half of
the National Primsry Air Quality Standard for nitrogen dioxide of 100 ug/w’
(0.050 ppm}. Since the proposed project area at Frenchman Flat is adout 80 km
northwesat of tha urban areas of Clark Counly, it is unlikely that significant

ambisnt concsntrations of nitrogen dioxide would be present.
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K. Water Rasour.es

1. Surface Warer

There are three sources of wvater in Frenchman Flat: rainfall, runoff from
the surrounding mountains, and a tritium migration tast well (RN2S) locaced
northuest of the plays (U.S. Energy Research § Develipment Administrestion,
1977; O'NHeal and Hogan, 1981). Direct rainfall on Frenchman Flat averages
10 cwm per year. Ruunoff from che mountaina occurs ouly during heavy storms and
is quite variable from year to year (O'Farrell et sl., 1976). Because rhe flar
is a closed basin with a hardpan near the surface, vater ceaching the playa
accumilaces in shallow ponds. Thase ponds normally evaporate in a few hours
to a few veeks, depending on thair size and che time of year (U.S. Energy
Research & Development Administration, 1977; O'Farrell ac al., 1976). Water
is pumped from the tritium test well at the rate of 3270 u' /day (2.65 acra
fc/day), and ie direcred to a diked area on the nerthwest gide of the playa
(Shinn, pers. comm.). The pumps at the well operate conmtinuously, which has
lad to the formarion of a permanent pond. Originilly quite open, the pond has
been progressively filliang in with marsh vegetation each year since 1979

{shian, pers. comn.).

2. Ground Water

Frenchman Flat is withia che Ash .Hndou- groundwater systew. Depth to
ground vater here is about 200 m (660 ft); sn unknown quantity of wacer
recharges annually from the surface and the ahallow alluviuvam into the deeper
Palaosoic carbonace rocks of the regional squifer. The Ash Meadows groundwater
system underlies the eastern two—thirds of the NIS and & large area to the
north and east. Groundwater in this syttem generally flows st depth to the
southwest, where most of {t eventually discharges at Ash Neadows, along the
California-Nevada border (U.S5. Energy Rssearch & Developmant Admimistration,
1977; U.S. Department of Interior, BLM, 1980; O'Farrell et al., 1976).

F. Blological Resourcas

1. Vegetation Assoclations

The NTS i{s in the trarsition zone between the Mojave Desert and the Great
Basin Desert (Allred et al., 1963; O'Farrell at al., 1976). As & resalt,
vegetation associstions typical of both desert regions in®ermingle hare in »

116a/39



-19-

complex psttern. Vagetation essociations of the Great Basin are often found
in cooles, high~elevation areas (above 1520 m), while thoae charscteristic of
the Mojave Deeert usually occur at lover alevations (below 1200 m). Mid-
elevations often eupport a mixtyre of vegetation typee. Variations in local
microclimace, such as cold aizr drsinages azsesociated with canyons, produce many
axceptions to this gemeral pattern. Thus, the distribution of vegetation
types within the NTS is complex aad closely associared with ropagraphy and
exposure (0O'Farrell er al., 1576; Allred et sl., 1963).

There are pix major vegeration assoclations in Freachman Plat named for

their dominant shrub apecias (O'Farvall et al., 1982):

¢ Larrea tridentatas (creosote bush)
. Arciplex (ealr dush)
* Lycium pallidum {wolfberry)

* Lycius shockleyi (walfberry)
¢ Ephedra-Atriplex (Morman tea, esalt bush)

¢  Coleogyne razosissima (blackbruah)

These associations form a somaic around the playa, which is essentiall: devoid
of plant life. Their diatribution in the project area is shown in Figura 4.5.

Typical shrub apecies found in each associstion are indicated in Tabdle 4.1.
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Table 4.1,
Typical Shrub Components of tha Six Vegelation
Aspoclstions Found in Frenchman Plat.

Vegetation Association

Larrea Lycium Lycium Ephedra- Colsogyne
Shrub Specics tridentata Atriplex palliduw shockleyi Atriplex ramosisgima

Acamptopappus shockleyi x x x

Ambrosia dumoaa .
Artemisia spinescens
Atriplex canescens
é_._ con GY:IEO[XI
Cavatoides lanaca
Coleogyne ramosissima
Encelia virginensis
Ephadra funereuas

E. nevadenais

Grayia spinosa
Hymwenoclea sslacla
¥rameria parvifolia
Larres tridentata

Lycium sndergonil

L. Eiiidum n x

L. shockleyi :

gzgnt a 8pp. x
Paarothamnus fremontii x

Btanleya pinnata x

Yuecca baccats x
Y. brevifolia x x

MM oKX X
xu
X
E
”

n AMm X

% M x X AW
”
”n

n
A
n
»
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In addition to the six naturally occurring associations, there is 2 amall
frushwater marsh in a diked area on the northern edge of the playa. Thise

wateh is maintained by vater pumped from Wall RNGS (Shinn, pers. com.).

The deassrt ghrud associatian daminated hy Larrea cridentata has the most

axtensive distribution in Frenchman Flat. It is found frowm just abave the
margin of the pleys up ontc the aurrounding bajadas. In its pure form it is a
Mo jave Deaert vegetation type. Ia Pranchman Flat there are three subtypes of

the Larrea aagsocietion wvhich grade into each other without dietinct boundaries.

Larrea-lycium shockleyi subtype is found on the bajadas south of the plays,

while the Larrea—Psorothamnus subtype {s diatributed on the bajadas ¢to the

east. The Lerrea-Ambrosia-Atriplex subtype occurs to the northwesr, aortheast,

and south of the playa. 1t is a mixture of Mojave (Larrea and Ambrosia) snd

Grest Basin (Atriplex) species (O'Farrell ec al., 1982). In general, perennisl

shrub cover averages about 142 in the Larrea association.

The Actriplex association is found eround the edge of che plays,
iomediately below the Larrea sssociation, Attizlex is a Great Bagin compounent
and as such would be expected to occur at a higher elevation (0'Farrell et al.,
1976; O'Farrell &t al., 1982). 1lts presence at a lover elevarion than the
Larrea may be due to cold sir draining into the closed basin at night. The

dominant apecies, Atriplex confertifolia and A. canegcens, vary in their

relative abundance. Perennial shrub cover averages about 62, even less than
in the Larren mssociation; an axceplion to this is a amall, dense atand of

Atriplex southeaet of the plays.

The Lycium pallidum association is found gouthwest of the playa. It
forms a band running out of the projact araa to the southwest. This vegetation
amsacistion is transitional betwasn Mojave and Creat Basin rypea; both Atriplex
species are found as codomingnts throughout (O'Farrell et gl., 1982). The
occurrance of this association at elevationa lower than ususlly expected is
probably due to cold air drasinage into the basin, or possibly to the soil type
(Allred at al., 1963; O'Farrell et al., 1976). This association forms 2

slightly denser shrub cover thap the Larree, averaging about 19X.
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There is 8 very small patch (102 ha) of the Lycium shockleyi association
on the »outhern side of Frenchman Flat. This is & tranpitional vegetation
association; appropriately, it is found between a typical Mojave sasociation
(Larres) and o typical Great Basin associascion (Atriplex). L. shockleyi is
alpo found scattered throughout both of the latter associations. Typically,
the L. shockleyi assccistion forms a canopy cover of about 17Z (O'Farrell, et
al., 1942).

0n the bajadas northeast of the plays and above the Larrea association is

a wedge-shaped patch of the Ephedra-Atriplex association. This ia a typical

Crear Basin vegetarion type. The patch gradually wideos as it extends north-
east and out of the project ares. Dominent shrubs in this association are

Ephedrsa nevadensis and Atriplex confertifolia. Maay of the shrub speciet found

in the adjacent Larrea association appear as codominaars in this association,

particularly Krameria parvifolia and Ambroain dumosa. Average cover in the

Ephedra-Atriplex association is about 181, similar vo that of the Lyeium

aesociations (O'Farrell er al., 1982).

Finally, there sre twe narrow bands of fairly dense Coleggyne ramosissima

runaing through the Larrea association to the aoutheasr of the playa. This
aspociition is typical of the transition zone and is found at about 1000 m in
Frenchman Flat. The stands of the Coleogyne association have an averasge cover

of adout 42, the highest value for any association in the project area.

Over 700 plant species have been collectad from the NTS and irs environs
(O'Farrell ot al., 1976; Allred et al., 1963; Romnay ec 2l., 1973). Many of
these ave herbsceocus annual plants that appear in the winter and apring seasons
following significant fall rains. The abundsnee and productivity of these
anavals is largely a function of the rainfall received between late September
and aarly December. Many species require & minimua of 2.5 ca of rain for seed
germination; more precipitation leads to greater germination and greater
veedling survival. In some yaars there is an slaocet aolid carpet of annuals
covering the epaces between the shrubs. The specias composition of these

stande can vary somewvhat froa yeer to yaar.
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Areas of the NTS that have been disturbed by human activity are ofcen
invaded by varioua introduced plants. Four epecies are particularly prominent
in places such as roadsides and subsidence craters: two grasses (Bromus rubens

and B. tectorus and two Russian thietles or tumbleweeds (Salzola iberica and

S. paulsenni). Thay rapidly ipvade aites where the soil has been disturbed or
the native shrubs have been removed and they can delay the paturgl vevegeta-

tion by native plants (Allved et al., 1963; O'Parrell et al., 1976).

The pond on the north side of the plays was formed in 1973 when the dike
was vepaired. The dike has been regularly maintained since then and emergent
marsh vegetation has become astablished (Shinn, pers. comm.). There has been
no detailed dotanical survey of the marsh, but the vegetation {ncludea

cattails, reeds, and sedges.

2. Threatened and Endangered Plante

There are no plant species on the NTS that have been officially lisced as
Threatened or Endangered by the U.S. Fish and Wildlife Service., However, six
species that occur on the NTS have been recommended for federal Threstened

status: Astragalus beatleyse, Frasers pahutensis, Galiuwm hilendiae spp.

kingstonense, Lathyrus hitchcockianus, Ascragslus fumereeus, and Scheracartua

polyancistrus (Faderal Register, Dec. 15, 1980, Vol. 45, No. 242}, 1In
sddition, A. bearleyae ia fully protecctad by Nevadi law as a cricicslly
endangered species (Nevada Revizel Scatutes, 527.270). None of these six
species are found in the proposed praject area and none occur at Frenchman
Flat (Bhoads et al., 1978; Mozingo and Williams, 1980).

The Northern Navada Mative Plant Society (NNNPS) mainrains a ‘“watch list"
of plant spacies that may be in need of protection (NNNPS, 1983). These
species are not included on the state or federal Threatenad or Endanpgered
lists ar present, but might be recommended for listing In the futuras if new
informstion indicates that it is warranted. Ome plant on tha "watch list",
Agave atahansis var. eborispina is reprasented in the Frenchman Flat area by a
populazion about 8 km southesat of the playa (Rhoads st al., 1978).
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3, Wildlife

The animal species found on the NTS, like the plentes, include & mixture
of forms from both the Mohave and Grest Basin Deserts (Alired et al., 1963),
Thus, the fauna is & diverse sssamblage for such s desert region, Some wpecies
are restricred to particular plant associations, but most range widely through

a number of vegetation types (0'Farrell et al., 1976).

No hunting, fishing, or graeing is allowed on the NTS. In the past,
nuclesr weapons Cesting has had a significant impact on natural ecosysteu
interacrions. Since 1962, when atwmospheric tests were halted, the weapaons
testing program has had only su indirect effect on animal populations through
habitet modification. In general, there is now little human iwmpact on natural
population processes and speciea interactions on the NTS (U.S, Energy Reasearch

& Development Administratior, 1977).

a. Fish
There are two introduced fish species on the NTS: goldfish (Carassiye

auratus) and golden shiners (Notemigonus crysoleucas) (O'Farrell et al.,

1976). It is not known if either ia present in the pond st Frenchman Flsc.

b. Amphibians
There are no amphibians known to occur on the NTS (0'Farrell et al,,
1976).

€. Repriles
The NTS hes & particularly diverse reptile feuns due to the overlap of

species from borh the Mojave and Great Basin Deserts (O'Farrell et al., 1976).

The desert tortoise (Gopherus agassizi) is found oc the HTS snd has been

reported from the Frenchman Flat srea (Tanaer and Jorgensen, 1963). Although
there have been no special srudies of dseert tartoise acology or distribution
on the KI5, the species here appears to be associated vwich the Larrse triden-
tata vegetgtion type. In a study conducted southwest of Las Vagas, the deasity
of desert tortoises was estimated 2o be 36—44/km® (Surge and Bradley, 1926).
The desert scrub vagetation in this study area waa dominated by Larres triden-

tata, although shrud cover was much lage than in the corresponding eegocistion
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st Trenchaan Flat. Desert tortoises are herbivorous, consuming low-growing
vegatation. Burgs and Bradley (1976) reported that the most important plants

in the dier were the annual forb, Plantage insulgria, and & shrub, the desert

mallov (Sphaeralces ambigua). The desert tortaise excavates and uses twe kinds

of burrows; one type serves as a hibernation den, while the other provides

shelter from high surfsce temperatures in summer (Woodbury and Hardy, 1948).

The Nevada State Board of Fish und Geme Commisnioners has listed the
desert tortoive a» a protectsd spacies (Nevada Revisged Statutes 501.110). The
species is currently being reviewed by the U.S. Figh and Wildlife Serv.ce for
protection under the Endangered Speciss Act of 1973 (U.S. Department of
Interior, FWS, 1982). The Beaver Dam Slope desert tortoise population in

southwest Utah has slready been placed on the federal Threatened lisi.

There are 14 lisard »pacies on the NIS, 1l of which probably ocecur at
Frenchman Flat (Tanner and Jorgensen, 1963; O'Farrell et al., 1976). Three
apecies sre of Great Basin affinity and are restricted to Great Basin Desert

vegetatian associations: seagebrush lizard (Sceloporus graciosus), western

fence lizerd (S. occidentslis), and western skink (Eumeces skiltonianus).
Thoae occurring predominantly in Mojave Desart vegetation associations are the

banded gecko (Coleonyx variegatua), desert iguana (Dipsossurus dorsalis),

collared lizard (Crotaphytus tollaris), chuckualla (Sauromalus cbasus), and

desert night lizard (Xantusia vigilis). Lizard species found in rrensitional

vegetation associations are the xebra-tailed lizerd (Callissvurus draconoides),

desert spiny lizerd (Sceloporus amagister), and western whiptail (Cnemidophorus
tigris). Best described as generalists and occurriug in almost all vegetarion

types ara the side-dlotched ligard (Ute stsnsburiena), lecpard lizard

{Crotaphytus wislizennii), and demert horned lizard (Phrynosoma platyrhinos).

Moet of the liaards on the NTIS sre insectivores, although some are herbivores
and others are omnivores (Stebbins, 1966). The desert iguans and chuckwalla
are herbivorous, while the leopard lisard, gedra-tailed lizard, and desert
epiny ligerd are omnivorous. The collared lizard also eats smaller lizards in

addition to insects.

Seventeen species of enakes ara kmown from the NI5; all of them probably
occur at Franchman Flat (Tanuner sad Jorgemmen, 1963; O‘Farrell et al., 1976).
They ars saldos abeerved or collected, and thus very little is known about
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population densities, hah{cat preferences, or activity patterns. The most

common species geemg L0 be the wastern shovel-nosed snake (Chionactis

oceipitalis). The aidawinder (Crotalus cerastes) and the speckled rattlesnake
(C. mitchellii) are both venomous snskes which should be treated with respect.
Al}l of the snakes are predators, eating rodents, amall bdbirds, ipeecte, lizards,

end other snakes (Stebbins, 1966).

d. Birds

Because birds are so mobile, their distribution on the NTS forms a much
more complex picture than that of mamnals ot reptilea. Flight enables birds
t> migrate to favorable habitsts on & sessonal schedule. Thus, the pattern of
mixing of the major desert biotas on the NTS is overlgid by the larger pattern
of Norch American bird migration. Each of the more than 190 avian spacies
found on the NTS can be put in one of four general categories baged on its
migratory pattern: epring-summer rasident, fall-winter vesident, sassonal

migrant, or year-long resident (O'Farrell et al., 1976; Hayward at al., 1963).

Spring-suumer residents breed on the NTS during those seasons and than
migrate south to their wintering grounds. Tha cycla is complete vhan they
return the following spring. Among the spring—summer vresident apecies are

turkey vulture (Cathartes aura), wourning dove (Zenaida macroura), poor-will

(Phalaenoptilus nuttallii), western kingbird (Tyrannus verticalis), black-

throated sparrow (Amphispita bilineata), and chipping sparrow (Spizella

passerina) (Hayward er al., 1963).

Fall-winter residents breed in regions to the north end migrate south to
winter on the NIS. The majority of these are small passerine birds, usually
seasd—esters; seads of Russien thistle (Salsols spp.) are prominent im their
diet (O'Farrell et al., 1976). Species that fall into this cstegory include
atarling (Sturnus vulgaris), house finch (Carpodscus mexicanus), sage sparrow
(Amphispigza belli), dark-eyed junco (Junco hyemalis), and white crowmed sparrow
(2omotrichia leucophrys) (Hayward et sl., 1963).

Each apring and fall, large nuabers of migrants pass through the NTS.
These birds are moving between their more northerly breaeding grounds aad their

wintering areas to the south. Many sre watsrfowl thal are attracted to the
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few areas of water along their eigration routes through this desert region,
Somse stop at the artificial freshwater marsh on the north side of the Frenchman
Flac playa. Representative migrant waterbirds iaclude Canads goose (Branta
canadensis), pintail (Anas acuta), green-vinged real (A. crecca), cinnamon

teal (A. cyanopters), American wigeon (A, americans), common anipe (Capells
gallinago), and spocted sandpiper {Actitis maculeria) (Hayward er al., 1963).

The last group of birds are the year-round rcesidents; all members of this
category breed on the NTS. Some of these are red-tailed hawk (Buteo

jamaicensis), golden eagle (Aquila chrysaetas), chukar (Alectoris chukar),

killdeer (Charadrius vociferus), roadrunner (Geoccoccyx caljifornianus), and

common raven (Corvus corax) (Hayward et al., 1963). 1n some of the year-long
resident species, the same individuals may not be present all year; rather,
aome individuals migrate in as other move out of the area. With other species,

such as the American kestrel (Falco sparverius), the ranks of year-long

residents are lncreased by migrants in spring or fall, Among the resident

species, the sage thragher (Oreoscoptes mountanus), green-tsiled towhee

(Chlorura chlorura), and Brewer's sparrou (Spizells breweri) are typical Great

Basin forms, while the lesser nighthawk (Chordeiles acutipennis), Costa's

hummingbird (Calypte costae)., and LeConte's thrasher (Toxostoma lecontei),

are typical members of the Mohave Deserct avifauna (O'Farrell et al., 1976).
In areas like Frenchman Flat, the Mohave bird species seem to predowinate
during the dreeding season. Non-desert species that may dreed in the marsh
vegetation on the north side of the plays include American coot (Fulica

amaricana) and red-winged blackbirds (Agelaius phoeniceus) (J. Shimn, pers.

comm. ).

There are no birds regularly occurring on the KIS that are currently
listed as Threatened or Endangered under the federal Endangered Species Act of
1973 (U.S. Department of Interior, FPWS, 1982; U.S. Energy Ressarch & Develop-
ment Administration, 1977). A fewv recent sightings of the endangered American
peregrine falcon (Falco peregrinus anatum) in the vicinicy of Yucca Flac
probably involved transient individuals (O'Farrell et al., 1976). All birds
of prey and the roadrunner are fully protected under NMevada lsw (Nevada Revised
Scatutes 501.110).
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€. MNammals

There ary 46 epecies of wemusls kaown from the NTS (0‘Farrell et al.,
1976; Jorgensen and Hayward, 1965). Almcet hall of these sre rodente, vhich
are not commonly esen because they are small, usually nocturnal, and sacretive.
Other mamsals iaclude four species of bats, three different kind of rabdits,

six carnivorea, mule dear, and wild horasea.

Though not abvicus to the human cbserver, rodents sre the mast important
group of memmals on the NIS in tarms of biomass and specias diversity
(0'Farrall et al., 1976). Seversl speciee are typically found in Mojave Desert
plant sesociatione: round-tailed ground aquirral (Spermophilus tereticaudus),
Merriem's kangeroo rat (Dipodomys merrismi), southern grasshopper mouse
(Onychomys torridus), and cactus wousa (Percmyscus eremicus). Typical rodents
of che Great Basin Desert are found im doth transitional and Great Bgsin plant
sassociations. These include Towmsend's ground squirrel (Spermophilus
townsendii), Great Basin pocket mouse (Perognethus parvus), Grest Basin
kangaroa rat (Dipodomys microps), Ord's kangaroo rat (D. ordii), and sagebrush
vole (Ll.uruo curtatus). Orther rodents are not tied as stongly to particular

vagerstion types, but are associated vith other environmentel festures. The

desert kangaroo rat (Dipodomya deserti) i» found in sreas of loose sandy soil,

often on disturbad sitea. They are common in Frenchman Flat. The densities
of rodant populstions are highly variable from year to year. High rainfall
years, with large production of winter snnusl vegetstion, lead to good
reproduction and high rodent densitiea the following spring and summer

(O'Farrell ot s)., 1976; Jorgeasen and Hayward, 1963).

Tuo of the rabbit apecies are comson. The dlack-railed jackradhit (lepus

csliforaicua) and the deeart cottontail (Sylvilagus sudubonii) are found in all

vegetation types on the NTS (0'farrell er al., 1976; Jorgenasa and Heyward,
1963). Both are herbivores and their populations probably fluctuate with the
production of winter annuala, though ast as wmarkadly as do the rodent

populations.

Several speciss of large herbivores are found on or nasr the NIS (U.S.
Energy Reaearch & Davelopmant Adminiazration, 1977; O'Ferrell et s}, 1976;

Jorgensen and Hayward, 1965). The most common is the sule deer (Odocoilmus
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hemionup); they usually inhabit the higher mesas, but come dowm to lover
elevations during the winter. There is a hard of about 20 wild horees (Equus
csballus) near Rzinier Mesa, about 40 km northwest of Frenchmen Flat., Burros
(E. asinus) have been seen on rare occasions on the NTS, aluays in the vicinity
of natural springs. There are no confirwed sight records of pronghorn antelope

(Ant{locapra americana) or desert bighorn sheep (Ovis canadensis), although

pronghorn do occur to the north of the NIS and bighorn sheep are found cto the
east on the Desart National Wildlife Range. The only evidence of bighorn
sheep on the NIS is a veport of scar found in the mountains east of Frenchman

Flat (Jargensen and Hayward, 1965).

At the top of the food chain there are gix marmalian predstors: coyote

(Canis latrans), kit fox (Vulpes mscrotis), bdadger (Taxidea taxus), bobeat

(Lynx rufus), mountain lion (Felis concolor), and long-tailed weasel (Mustela

frensca) (U.S. Energy Research & Development Administration, 1977; O'Farvell et
al., 1976; Jorgensen and Hayward, 1965). They may range through all vegetation
associstions on the NIS. Mountein lions, however, are very seldom found ocut-
side the high mesas in the northern gection of the NTS. This reflects rhe
distridurion of mule desr, their preferred prey. In contrast, the coyote has a
cacholic d.et and is fouand throughout tha NTS; it is the most commonly obaerved
wmawmalian predator in the area. Badgers and long-tailed weasels are secretive
and rarely seen, in contrast with the kit fox which is vather tame and ofren

seen. Kit foxea have been observed at Frenchman Flat (Shinn, pers. comm.).

Bats have been little studied on the NTS. Four species have been found:

pallid bar (Antrozous pallidus), Californis wmyotis (Myoris californicus),

western pipistrella {Pipistrellus hesperus). and Townsend‘'s big-eared bat

(Placotus townsendii) (U.S. Energy Hesesarch & Development Administratieon, 19277;

O'Farrell et al., 1976; Jorgensen and Hayward, 1965). More eifort spent
studying bats of the area would probably yield seversl more species. All of

tha bats are insactivores.

There are no marmels on the NTS that are currently listed as Threatened
or Bndangered under the federal Endangersd Species Act of 1973 (U.S. Energy
Research § Develapment Administration, 1977; O'Farrell et al., 1976; U.S.
Dapartment of Interior, FWS, 1982). The wild horae population an the NTS is
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protacted under fedaral law (Wild Free-Roaming Wild Horse and Burro Act of

1971). The kit fox is classified as a Nevada protecred mammal (Nevada Revised

Statutes 501.110).

G. Cultural Resources

Human occupstion of the NTS aud its environs extends back to about 10,000
B.C. (U.S. Energy Rasearch ¢ Development Adminiatration, 1977). A nusber of
aboriginal hunting and gathering cultures wvere present in this long prehistoric
period. When the first Buropean settlera entered the area, it was occupied by
the Paiute Indians. From about 1849 until the establishment of the NTS, the

land was mainly used for livestock grazing and =mining.

Investigatiaons of archaeological and historical features of the NIS have
rasulted in che identification of numerous archaeslogical sites and several
locations having historical intrest (Worman, 1969, Desert Research Imstitute
archaeological eite reports on filu in DOE/NV office). These sites have been
recordad in the Site Record File of the Nevada State Museum. None of them
have been placed on the Nationsel Regisrer of Historic Places and none are

believed to meet the criteria for nomimation for inctusion on the Ratiocnal

Register.

Both historic and prehistoric sites on the NTS tend to be located near
springs, in canyons, and at or near the bases of mountains. The larger
velleys showv little sign of early human occupation. No archaeologicsl or
historic sites have bean reported at or neer Frenchman Flat snd ic ia
extresely ualikely that they exist here (U.S. Energy Research & Development

Administracfon, 1977; Douthett, pers. comm.).
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V. ENVIRONMENTAL CONSEQUENCES

A. Proposad Action

1. Impact Analysia

Since an eavironmental assesswent of the proposed project muet focusm on
the effecte of the Nzo‘ and NH1 releasea, it ip important to escimate
concentrations of these materials at various distances downwind of the spill
point. Exiseing models are not entirely adequate for predictiag the dispersion
characteristics of these heavy gasea. One of the important objectives of this
research is to acquire field data that can be used to evaluate and improve such
models; thus, preliminary estimares of distances ro particular concentrations
are necessarily approximate. Nevertheless, several standard air quality
computatiounal methods and & wore plausible modified dispersion code were
investigated in ordevr to arrive at estimates of the downwind range to certain

significant NOQ and NH, concentrations.

The codes used in these calculations all require the input of meteorolo-
gical data. TFortunately, such dats were collected at Frenchman Flat for
several years and there is a great deal of information available on frequencies
of wind speed, wind direction, and atmospheric stability conditions. The
system included a meteorclogical tower installed in 1978, The tower is 62 m
(200 fr) in height with four instrumented levels (3, 10, 30, and 60 m)., Wind
direction, wind speed, standard devistion of wind direction 019). vertical
turbulence, temperature, humidity, and barometric pressure were rscorded. Each
senncr was sarpled once per second. A microprocessor-bamsd dara scquisition
system made possible deteiled on-1line calculations of the turbulent wind
fluccuations and the mean values used in atmoapheric stability indices. A
datas base was prepared thet included 3-min aa wal)l as hourly summaries. In
addition, four automatic weather stations measuring vind speed and direction
were operated at sites (PFl, PF2, FF3, and Kay Bunker) previously utilized by
the National VWeacher Service, Nuclesar Waather Support Office. Theae sctations

provided summaries every B min, and oparated with a high degree of reliasbility.
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As a result of these gtudies, the wind flow patterns across the Freachman
Flat basin during the proposed mid—July through Sepcember test period are well
documented. A simulation was performed u;ing three years of dats (1979-81)
from the €62—x tower to investigate the possibility of wind direction meanders
afrer a apill rest is started. The criteria to conduct a day-time test (8 aM
to 4 PHM) were that for 9 min prior to the téct relesse the wind direction would
be within 10° of the sensor array centerline (225°), wind speeds would be 2-8
m/sec, and inteasity of turbulence (standard deviation of wind direction) less
than 30°, During the succeeding hour of each possible test pericd the statis-
tics showed a dependable wind persistence, both in direccion and speed. It was
found that in less than 32 of all hypothetical test periods did che cloud of
released gas meander more than 30° from the array ceaterline, and in all cases
the trajectories of hypothetical clouds were within 35* of the srray canterline
when they reached a distance of 7 km (Fig. 5.1). This figure shows all 115
trajeccories satinfying the test criteria. Further analysis has shown that the
judgement of the test director concerning wind sceadinees, in addition to the
test criteria, would eliminate the few erratic trajectories ahowm in Fig. 5.1

and result in trajectories which are all quite regular and predictable.

In order to estimate the downwind range to significant concentrations of
N02 and NH, it is n.:esssry to take account of wind speed and turbulence,
The mean wind speed (u) will transport a transient cloud of material dewnwind,
while the turbulence, especially O will spread and dilute the c¢loud.
Tha atwospheric stabilicy and cthe surface roughness determine the value of
Oy at any particular time. Atmospheric atability categories are conven-
tionally claasified according to ranges of Oy following the Nuclear

Regulstory Commission NRC Safety Guide 1.23 as follows:

Stability Categor _Gg
TPasquili-Gifford classes) {degrees of wind direction)
Very Unatable A > 22.5
Unstable B 22.5-17.5
Slightly Stable c 17.5-12.5
Neutra}l s} 12.5-7.5
Stable E 2.5-3.75
Very Stable F < 3.75
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Fig. 5.1. Trajectories of 115 cases of simulated tests subseguent to meeting
the test criteria: 8 AM—4 PM, wind direction within 10° of 225", windspeed

batween 2 and B8 m/eec, and standard deviation af wind direction leea than 30°

(9 min prior to test).
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Table 5.1
The Joint Frequencies of Atmospheric Stability Categories and
Wind Speed Classes for Periods Meeting the Test Criteria.

Scability Category

Wind Sgpeed A 2 c D x _r Tota)
2-3 w/sec 2 1 2 0 0 0 5
3-4 7 3 5 0 Q 0 15
4= b 4 7 1 a 0 16
5-6 2 2 12 13 0 0 29
6-7 0 3 12 13 0 0 28
7-8 1 2 2 13 0 ) 22
Total 16 14 45 40 0 0 115§

The 115 test periods eeeting the test criteria were found to occur mostly
after 10 AM and the mont frequent case was wind speed 46 m/sec and Stability

Cotegory C (slightly unstable). The results are nummarized in Table 5.2.

Table 5.2
The Frequency of Periocds Meeting the Test Criteria by Hour of the Day
apd the Average and Worsct (Least Dispersive) Meteorological
Conditiona Observed for Esch Hourly Pariod.

Dispersion Conditiona

Hourly Wind speed (o/sec) ~ Stabiliry

Period No. of Spills Average Worst
8 -9 AM 2 5.3-D 5.2=0D
9 - 10 aM 4 5.3 - ¢ 7. - 0D
10 - 11 AM 7 4.0 - C 2.1 - C
11 - 12 AN 16 5.7 -¢C 4.9 ~-D
12 - 1 PM 10 6.1 -¢C 6.7 -D
1~2PH 20 5.4 -C 5.7~-0D
2-~-31pm 26 5. -¢C 5.2-D
J-4PH 3o $.9 - ¢ $.0~0D

115
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By examining the meteorologicel data base, it vas found that the test criteria
will also aliminace all occurvrences of stable cases (Categories E and F) from
poagible test periods {Teble $S.1). In approximately 90 days of data, there

were 115 perioda when tests could have been conducted.

1t was found that of 115 test cases, the least dispersive test period wan
for a wind speed of 4.9 m/sec and neutral stebility (Caragory D). During the
summer months, the atmospheric stability was found to be neutral (Cstegory D)
to very unstable (Cactegory A) in all periode meeting the tesat crireria:
daytime 8 AM-4 PM, wind apeed 2-8 m/sec, wind direction within 10" of 225°,
and standard deviation of wind direction (Og) less than 30° for nine

minutes prior to the test.

Estimates of downwind dispersion of NQ, and MH, were made using three
staadsrd air pollution codes: a4 steady-state Gaussian pluma sodel, an instan-—
taneous Gaussian puff model, and the particle~in-cell code PATRIC. In these
caleulatians, compsrisons were made using realiatic combinations of wind speed

and atmospheric stability categories.

1t was found that the continuous (steady-state) Gaussian plume model
(Hanna et al., 1982) overestimstes the dispersion distances for low gas concen-
trations beceause of the short durstion (4 min) of the spills. Ir would require
a spill duration in excess of an hour for the concentration at 7-8 km to reach
steady state in a 2 m/sec wind. The Gaussian puff wodel (Hanna et al., 1982)
also overestimates the dispersion distance because it assumes an instantaneous
release, which is then translated Jownwind as s single puff. PATRIC, the
particle-in-cell method (Lange, 1978), assumes tha gas ia neutrally buoyant,
and usea a transient 4=win release, but distridbutes the mess horizontally over
250 grid intervals snd vertically over 20 m grid intervals. Because of these
grid scalaa snd the local maan velocity and diffusive velocity assumptions,
the mass ia initially tranaported vertically in an unreelistic manner causing
lowar concentrations to appear mear the ground. Thus, PATRIC tands to under-
estivate gas dispersion distances. A research codv, FEM3, uander development
89 a heavy gap, near-field dispersion pradictor was utilized for comparison.
This code (Chan et al., 1981) is a sophisticatad, three-dimsnsional finite
elament hydrodynawics withod. It showed that heavy gas affects are not very

imporcant for low concentrations and for the longer distances dowmwind.
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1n order to improve the astimation procedure, the Gaussian plume wodel
was modified to account for a finite duration of release and to inclyde the
aloag—vind dispersion component. The transport velocity was corrected for
height using a vertical power law function used by EPA (Irwin, 1979), and an
initial source geometry wvas assumed (Uy =5 n, o, "1 k) corresponding
to 4n initially heavy gas. Disperdion due to shear was determined by the
method of Wilson (1981),

This modified transient Gsussian pluwe technique vas coosidered to provide
the most accurate and realistic basis for estimating the concentrations of No,
and NH, at various distances dovnwind of the release site. In order Lo present
a worst-case scenario for impact assessment, calculations were wmade for the
largest planned uzob and NH3 spills using the least dispersive atmospherie
conditions meeting the test criterfa: 4.9 m/sec wind gpeed and Lcability
Csategory D (neutral).

The results for the "206 release gre shown in Table 5.3, The calcula-
tions assumed & maximum spill race of 2.5 w' liquid H,0,/min for 2 min sad

took account of the complete dissociation of N,0, into NO, at the distances

involived,

Table S.3
The Calculeted Dovnwind Dimensions of Significant Concentrations

for the M, Two-Minute Planned Release, Least Dispersive Case
of 4.9 m/sec Wind st Stadbilicy Cetegory D (Neutral).

NO, Concentration Downwind Range (Centerline) Cloud Width (uy_)_
1000 ppwm 300 = & m
50 ppa 2650 w 183 m
30 ppu 3350 w 232 =
10 ppa $500 = 354 »
3 ppe 9600 = 580 =

The rosulces for the N, relesase are gshown in Table 5.4. The calculations
sssumad & maximus spill rate of 15 & 1iquid lelnin for 4 min. Because of
the shore epill durstion and repid veporizatiom rate for both '205 and NH3

the downwiad exposure period will always be less thaso 10 minutas.
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Table 5.4

The Calculatad Downwind Dimensions of Significant Concentrations

for the NHq Four-Minute Planned Release, Leasc Dispermive Case
of 4.9 m/sec Wind at Stabflity Category D (Meurral).

NH, Concentration Downwind Range (Centerline) Cloud Width (oyl
1500 ppm 1700 m 130 =
S00 ppm 3400 a 2 m
S0 ppm 11,500 m 628 m
25 ppm 16,000 m 794 m

Since both N,O, and N‘HJ VAPOrs sfe toxic, occupational expcsure

must be

274
carefully monitored. All personnel working #ithin the ospill ares,

when the valves are unlocked, will wear approved protective clothing, and be

trained

in the use of and carry approved respiratory equipment. Some

pertinent facts abouc No2 gas concentrations sre listed below (all

conceéntrations in parts per million (ppm) by volume):

A)

8)

L)

D)

1168/3s

) ppr-8 hrs. This im the ACGIH Threshold Limit Value - Time-Weighted
Average (TLV-TWA). Workers can be repeatedly exposed to this level

of concentration without adverse effects.

S ppm-1S min. This is the ACGIH Threshold Limit Value - Short-Term
Exposure (TLV-STEL). Workars can be exposed ro this level without
suffering from {rritation, chronic, or irreversible tissue change or
narcosin of aufficient degree to impair salf-rescue. The STEL should
not be longer than LS ®in and should not be repeated more thaa four
times per day, with at least 60 min between esach axposure. The STEL
is not a aeparate expodure limit but should supplement the TLV=TWA,
since there are racognized acute effects from high short-term

exposures to NOQ.

5-20 ppm. NQ, has a disrinct pungent odor at 5 ppa and may de
slightly irritating to the mucous membranes at 20 ppa.

30 ppn for 10 min. Air Force recommended emergency exposure limir
(AFM 161-30).
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E) 100 ppu for 10-15 min. Delayed pulmonary edema may follow after

exposure to these lavels of NQ, unless the person receives medical

treatment within 3=6 hre.

F) 200-300 ppm. KGO, conceatracions in this range are visible to the

human eye as a brownish-yellow cloud.

G) 200-700 ppm for a few bhreaths. Exposures of this exctenc will produce
severe pulmonary dsmage which may result in fatel pulmonary edema

within 5-8 hrs unless the person receives immediate medical treatment.
Some pertinent facts about NH, gas concentrations are liscted below:

A) 1 -5 ppm. This is the odor threshold as stated by the AIHA Hygienic
Guide. The odor is penetrating and pungent. Because of its low
threshold of odor, NH, ie treated as a materigl with good warning
properties. Concentrations of this level for sustained lengths of

time are non-injurious.

B) 25 ppmv - 8 hrs. This is the ACGIH (19B2) Threshold Limit Value
(TLV). Workers can be exposed to this level for 8 hrs without
suffering any ill effects other than, perhaps nasal dryness and

barely noticaable eye irritation.

€C) 15 ppmv - 15 min. This is tha ACGIH Short-Term Exposure Liamit
(STEL). Workars can be exposed to this concentration without
suffering from irritation or irraversidle tissue change or narcosis
of sufficient degree to impair self-rescue. The STEL should not be
longer than 13 min and should not be repeated more than four times
per day, with at least 60 min betwean esch exposure. The STEL is not

& aeparere exposure limit but should supplement the TLV-TWA,

D) 300 ppmv - 60 min. Maximue cooncentrstion tolerated without serious

disturbances (one hour exposure).

£) 400 - 700 ppmv - 60 min. KNose and throat irritacion. Eye irritation
with tearing. Infrequsnt short {ome hour) sxposurs ordinarily

produces no serioue eaffece.
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F) 500 ppmv - 10 min. National Academy of Science emergency exposure

limic.

G) 20600 - 10,000 ppmv. No parmissible exposure. Imhalation of these
concentrations cauvses coavulsive coughing, severe eye irrvritation,
dyspnea, bronchospasm, chest pain, snd laryngeal spasm or adema which
may be fatal. Consequences can include bronchitis or pneumonia and a
residual reduction in pulmonary fuaction. Exposure to 10,000 ppmv
(12) can cause death in a few minutea, while 2000 ppev (0.2%) can

cause fara)l respiratory tract irritation {n 30 min.

a. Air Qualicy
(1) Nitrogen Tetvoxide tests. The proposed serias of uzoh spill

tests will not have a significant adverse impaclt on air quality., The State of
Nevada Cuidelines for Significant Emistsion Rares of nitrogen oxides are set at
4D tons/yr. The total quantity of Nzoa to be vaporized in these releases

will not exceed this amount. The State of Nevada has also set a3 a Guideline
for Significant Air Quality Impact an annual arithmetic mean NQ, concentra-
tion of 14 ug/m’. This guideline will not be exceeded at the Nye County

line, 8 km northeast of the spill point, at the eastern border of s-ea S of
the NIS, or at any ather locarion outside the controlled area. 1In addition,
the Nevada Ambient Air Quality Standard of 100 ug/= NO, as an snnual
arithmetic mean (a factor of seven higher than the guideline) will be
satisfied by a considerabla margin of safety. Since these are cranaient
releases, these guidelines may not be applicable. Every effort wil be made to
aasure that the tests comply with whatever state and federal regulations are

appropriate.

(2) Ammonia tests. The proposed series of NH, spill testa will have no
significent adverse iwpact on air quality, The State of Mevaeda doss not
regulate NH3 as an air pollurant. In the ebsense of a specific eatandard or
federal ragulation for the smmision of NH,, the State of Nevada has adopred
102 of the TLV as a screening tool for locations in which the general public
has sccess. The TLV is the standard for tha eight-hour exposure of amployees

in the work placa (see Table 3.1).
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b. Water Resources

Neither the "2°h nor the Ni, tests are expected o have any impact
on the water resources of the Freanchman Flat area. Croundwater resocurces will
not be affecred in any way by the proposed project. The only surface water
that could be contacted by the relessed gases is in the artificial marsh on
the north side of the playa. Although gas concentrations will be relatively
high (S0 ppw N, , 1500 ppa NH3) ar this distance froa the release point,
neither N3) nor NH; are expacted to combine with the water to any
significant eaxteat. 1f the trejectory of an Nui oy NH3 cloud carried gas
of the expected concentration over the marsh, the period of exposure would be
no more than L0 min. Using a deposition velocity of 0.01 m/esec (McMahon and
Denison, 1979; Horvath, 1982), the smount of gas deposited in a given test
vould be less than 0.5 g/s for NO, and less than 3.4 g/a’ for KH,.

2
Thase quantities would have no detectsble effect on water quality.

¢. Biological Resources
(L) Nitrogen Tetroxide tests. The ares that could be affected by

the largest proposed Nzoa release i3 shown in Fig. 5.2. This sssumes that

the relesase would be made undar the least dispersive conditions (4.9 w/sec
wind speed and neutral stadiliey), Thus, the downwind distances to the
various significant No, concentrations (50, 1D, and 3 ppm)} shown in Fig. 5.2
represent the worst case for the largest spill., The deshed lines indicare the
possible width of the NO, cloud, going out to a distance of 2 o, on

either side of the centerline (sssuming a wind direction of 225°). The solid
lines enclose the arae covered by all trajectories of simulated tests that met
the test criteria (see Fig. 5.1). This represents the total erex that might
be at risk of exposure tao the NO, cloud. The area that would actually be
axpoasd during the largest release would be within this envelope and would

actually be much smaller than the area st risk.

Our experience has shown that vwhen the test criteria are eet, {.e.,
daytime tests with steady winds between 2 and 8 m/sec, the gas clouds move
downwind at very nz2arly the wind spead gnd do not persist for much longer than
the epill durstioa. S5Steady winde, ground heating by the sun, and the ambient
turbulence in the atmosphere wix the gas cloud with air and keep it moving
steadily downwind. Consequantly, che longest time period that any given point

ie 1ikely to be axposad to che NO& ¢loud would de less than 10 min.
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Concantration nones for s two-minute planned release of liquid

".- 5.2.

qub at 2.5 o /ain {least disparsive case sseting the test criteris)

with lateral boundaries enclosing all trajectories out of 113 periods meeting

the test critaria.
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playa, the N02 concentration multiplied by cise (CT) dosage values for
vegetation will not exceed 10-20 ppwrhr during the largest proposed spill tear.
Little leaf dsmage resulted from similar CT valuee in exper’ments involving
longer exposures at lower NO, concentration (Taylor et al., 1975). Thus,

there is no reason to expect loes of vegetation as ¢ result of the uo5 spill
tasts. At mowt, soms leaf damage may occur in a small area near the north side
of the plsys. Furtherwmore, there are no rare, cthreatened or endangered plant
species in the section of Frenchman Flat that could be exposed to NO2 levels

of 10 ppm or higher.

(a) Wildlife. Wildlife populstions in Frenchman Flat will not
suffer aignificant impact from the proposed N2°6 spill testa. Magt of the
srea that may be exposed to NO2 concentrations above 50 ppm duriag the
largest planned spill im dry lake bed which does not support animal life. The
only wildlife hadbitate that might be subjected to thesae higher NO, levels
are the srtificial marsh and adjscent A:riplex association. Nitrogen dioxide
concentrations between 10 and SO ppm could extend up to 3 km aortheast of the

playa chrough the Atriplex and Larrea=Aubrosia-Atriplax desert shrub

associations.

Like the studies of NO& effacts on plants, most maimal research has
baen coacerned with Nob exposures that resemble those experienced in smog
conditions. Thus, this work deals with ralatively low NG, concentrations
(0.2~25.0 ppm) and lang expagsure times (hours to msnchs). Mammslian subjects
such as mice, rats, rabbits, and dogs have been used exclusively. An extensive
review of the literature on NO2 effects is presanted in Coffin and Stokinger
(1977). These studies have usually demonstrated injury to tha tissues of the
lungs and trachea, with some impairment of respiratory fumction. There may
aleo be increzased susceptibility to infectious diseases of the respirstory

tract, especially pneusonia.

Many months of expoaure to ch concentrations balow 10 ppm genarally
results in lung damage, slightly increased susceptibility o pnsumonia, but no
mortality (Coffin end Secakinger, 1977). Ac No, concentrations between 10 and
SO ppm, some moveslity has besn reportad and susceptibility eo respiratory in-

fection is increased significantly. The few studies that have shown mortality
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(2) Vegetation. The proposed NZOA spill cests will have no
significant impact on the natural vegetation of the Frenchman Flat basin.
Duriag ths largest planned sapill, concentrations of NG, higher than $0 ppm
will be almosz enctirely confined to the dry lake bed, which is barren ot
vegetation (Fig. 5.2). The omly vegetated areas that might be exposed to such

levels of NO, are the artificig)l marsh on the north side of the playa and

2
the sdjoining Atriplex shrub association. The area to the northeast of the

playa that could experience NO2 concentrations between 10 and 50 ppm

supports the Atriplex and the lLarrea-Ambrosia-Atriplex associations.

Most experimental studiasg of the effect of N02 oa plants have been
designed to simulate smog exposure. As a resule, the concentrations used have
often been relatively low (0.1-25.0 ppa NO&) and the exposura kimes have
ranged from hours to months. Agricultural or ornsmental plant species have
usually been cested; there are limited dats svailable on the response of desert
spacies such as those found st Frenchman Flat. One acudy with N02 plus $02
(sulfer dioxide) derermined that no injury will occur to some desert species
(Atriplex, Ephedrq, Sphaeralces, and others) for 2-hr exposures up to 2 ppm
NO, (Hill er al., 1974).

No plent mortality has been reported in long-term exposures to N02
concentrations up to 25 ppm (Mudd and Koglowaki, 1975). The usual response is
leaf damage, including the appearance of necrotic areas and lesions. Damage
generally does not exceed 50X of the totel leaf area of che affected plant.
The necrotic leaves are aometimea dropped (abscission) and this may be
accompanied by & reduction in photosynthesis and a slowing of the rate of
grovth. Exposure to higher NO& levels (up to 250 pgm) for shorter periods
(0.5-8.0 he) resulted in abscissi{an rates as high as 90X, although all plants
recovered wvithin 6 weeks (Mclean et al., 1968).

There are ao experimental data on the raspanse of vegetation to very short
HOZ exposures (< 30 min) similar to those that might occur downwind of the
proposed apill tests. However, NO, concentration (C) sand exposure time (T)
are of approximately equel effectiveness im inducing leal damage in plants,
even at high N02 concentrations (McLaan ot al., 1968). At Frenchman Flat,

even in the marsh and adjacect Atriplex associstion on the north side of the
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in laboratory animals expased to this range of noz concentrations have {nvol-
vad either weeks of exposure or deliberate introduction of respiratory patho-
gens following the exposure (Gardoer, 1980). In other experimencs, even long-
ters exposure at these NOz lavels did not result in mortality when the

enimgle vere not challenged with infecriocus agents (Coffin and Stokinger,

1977).

Among animals, there appeer o be species differences in sensitivity to
RO, . Rabhits kept in en armogphere of 10 ppm No2 for two weeks suflered
502 xarrality, yet no deaths were recorded in hamaters exposed to 25 ppm for
vix months or rats exposed to 12.5 ppm for 30 weeks (Coffin and Stokimger,
1977). There tave been 0o studies of the effects of NO2 on either birds or
reptiles. Because of their generally lower level of metabolic activity,

reptiles may be less sensitive to NO, chan are mammals or birds,

In animala exposed to NQ,, the concentration has a much greater effecc
in determining the mortality rate than does exposure time (Cardner, 1980).
Short expoaurea to high N02 concentrations have considerably more veight
than long exposuces to low concentrations, even though CT values are equal.
Far example, mice exposed to 28 ppm for 0.25 hr (CT = 7 ppm~hr) had a 55%
incresse in mortality over controls after challenged wi:h pueumonia pathogen,
wvhile Ather mice exposed to 1.5 ppw for 4.7 hrs (CT = i .05 ppm—hr) hsd only a
6.42 increase in mortality (Cardner, 1980). Experimentel data regarding the
effects on animals of N02 concentrations higher thun SO ppm are not svail-
able. Exposures of a few min to ar hour ar NG, concentrations of 30-100 ppm
are considerad potentially life-threatening to humans (Coffin and Stokinger,
1977) and could be expeczed to ceuse sortality among exposed wildlife.

The results of this research on NO2 effects suggest thal three impact
zones can be defined downwind of the proposed spill sicte (Fig., 5.2). 2Zone I
is en ares that could be exposaed to 50 ppa NO, or more for as long as 10 min
during the largest planned test. Any wildlife that were preseat in an exposed
location within this zone might be killed or seriously injured. Zone II could
be expasaed to Noz concentrations of 10 to 50 ppm for a aimilar period of
time. Animals found wichin 2one II might suffer damage to the respiratory

system; there is & very low probadbility of mortality. Nitrogen dioxide
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concentrgtions in Zone 11I will be less than 10 ppm. AL these NO, levels
and with guch a short exposure period, 6o mortaliry is expected and the only
effacts on wildlife are likely to be irritation of the respiratory Cract and

possidle minor lung damage.

Most of Zone I in barren playa which does noC support any wildlife
populations. If the NO2 cloud follows the most probable trajectery during
the largest planned teat, NQ, concentrations of 50 ppa and above will be
confined to the plays. However, it is possible that the NG, cloud could
eove over the artificial msrsh or the adjoining Arriplex shrub habitar. Ip

neither case would thare be significant impact to wildlife populations.

In the firsc case, marah-dwelling birds sueh as red=winged blackbirds
(Agelaius phoeuiceus) and American coots (Fulics americana) may be exposed to
levels of NO2
widely distributed throughout the weatern United States. Such mortality (if

that could cause mortaliey. These species are boch common and

it occurred) would have no significant impact on their papulations in the
region. In the second case, very fev animals are likely to be active on the
surface in the Atriplex habitst et the time of the test, which would be near
midday in the susmer. A few species of lizards and zmall bivrds, gs well as
dlack-tailed jack rabbits (Lepus californicus), might be exposed to potentially

lethal concentrations of NO&. The number of individuals at risk is unknown.
The area that could be affected it amall in relgtion ta the tocal area of

similar habitat in Frenchmsn Flat, the species that are likely tc be exposed
are widespread and ahundant, and any mortality would dbe rapidly compensated

through reproduction and immigration from the murrounding habicar.

Other wildlife apecies such as snakes and gmall rodents that amight occur
in 2one [ are expected to be in their bBurraws et the time ol day when a epill
test would be conducted. There would be little or no danger to these animals.
Many wildlife species norually plug the entrances of their burrows with loose
dirt; thig physical barriee would pravent expogure to NQ,. However, the gas
is unlikely to penetrate an open burrsw because of the temperature difference
between the burrow air and the NO& cloud {(Geiger, 1965). 1f a burrow were
somshow to become filled with NQ,, the gas would divsipate within one minute
based on a time estimate r/4v, vhere v is the dapoaition valocity and r is the

burrow radiue (J. Shinn, pers. comm.).
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A reconnaissance survey on June 15-16, 1983 found no evidence of deserc

tortoise (Gopherus agassizi) in Zone I (Leitner, memo, July S, 1983, Appendix).

Even if a few individuals of this species were present in Zone I, they would
alwosc certainly be protected from exposure to NQ, by their normal behavior
eycle. In late summer, when the epill ctests will be carried out, desert
torroises will be either estivuting in theic dena continucusly oc will emerge
to feed only at the cooleet timw of the day near dawn. It ie extveemly
unlikely that they would be active on the surface at the time of the N O,

releases.

The reconnaissance survey identified two dens in Zone I that way be in

active use by kit foxes (Vulpes mac=octis). Again, it is very unlikaly that

individuals of this species would be exposed to potentially lethal concen-
trations of No, . They would normally be protected in their dens at the time
tests would be conducted.

The wildlife species at risk in Zone II are essentislly the asme cnes
that are found in the desert shruh habitat of Zone 1. Individual animals
active at the surfuce could suffer minor damage to the respiratory system and
there i3 the possibility of soms deaths, alchough this seems very unlikely

because of the short exposure time (10 min or less).

The reconnaissance survey obaerved rortoise dens in Zone [I along s wash
sbout 4=5 km northesatr of the spill point (Leitner, memo, July S, 1983,
Appendix)., This was the only site at which evidence of desert tortoise
activity vas found. Since NO& concentrations would be relatively low in
this ares, and since the animals would in a1l likelihood be in their burrows
at the time tests are carried out, no adverse effccts on this species are
axpected. The eame conclusion would apply to any kit fox thst may be present
in Zone Il.

While the area included in Zone I1I is quite large, cthe ralacively tow

noz concentrations here should ensure that thare is no impact to wildlife

populations, even during the largest planned test.
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(3) Amonia tests. The area that could be affected by the largest
proposed Ni, release is shown in Fig., 5.3; This assumes chat tha release
would be made under the lcast dispersive conditions (4.9 mw/sec wind speed and
neutral stability). Thus, the downwind disrances to the various significant
HH3 concentrations (1500, 3500, and 50 ppm) shown in Fig. 5.) represent the
vorst case for the largest apill., The dashed lines indicate the possible
width of the Nﬂj cloud, going out to a distance of 2 ay on either side
of the canterline (aseuming a wind directian of 225°). The solid lines
eaclose the ares covered by all trajectories of the 115 cases of gimulated
testa that met the test criteria (see Fig. 5.1). Thias represencs the total
area that might be at risk of exposure to the NH3 cloud. The area that
would actually be exposed during the lergest release would be within this
envelope and would actually be much smaller than the area gt risk. The
longeat time pericd thst any given point would be exposed to tha NH3 cloud

during this tesr is 10 min.

(a) Vegetation. The proposed N, spill tests are not
expecred to significantly impact the natural vegstation of Frenchman Flat.
Even during the largest planned spill, exposure times will be brief (10 min or
lass) and the highest NH, concentration (> 1500 ppm) will be largely

restricted to the barren playa (Fig: 5.3).

Since Nﬂj i1s 8 very uncommon air pollutant, there has been little
research regarding its phytotoxic effects. The data rthat are available
indicare leaf danage rather than plant mortality even sith exposure to very
high concentrations (National Rasearch Council, 1979). Studies of accidental
NH, apilla in Ontario found mo plant mortality even at the icmediate mite of
releases (Tenple et al., 1979). 1In these cases damage was restricted to the
exposed leaves; leaf abacission was often noted, but no permanent injury
occurred. There have been few experimental investigations of the effects on
plants of high NH, concentratians (1000 ppm &r above). The studies that
have baen ¢onducred demonstrate species differences in sensitivity to NHy.
Exposures ro 1000 ppm ¥d; for 8 min or lees produced 50X leaf damage in
buckvheat and tobscco, while 250 ppm for 4 ain resultsd in equivalent injury
to tomatoes (National Research Council, 1979). Lo all speciss tested, leaves
appsared to be most sensitive to MY, , ‘while woody stems were quite resistant
to damage and seeds vere susceptible only when wet (Pacific Northwest
Laborarory, 1981; Mationsl Research Council, 1979).
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Duriry the largest planced NH, test, it is possidle that the trajectory
of the gas cloud would result in brief exposure of the vegetation in the
arvificial marah or adjacent Atriplex shrub sssaciation tg HHJ levels on the
order of 1000-2000 ppu. lf this were to happen, some leaf damage and logs of
foliage could occur. The affected plents would show decreased rates of
photasynthasis and veduced growth until this foliage was replaced. Ko rare,
threatened, or endangered plant species would be affected, since none occur inm

this section of Frenchman Flat.

(v) Wildlife. The proposed NH, spill tests will have no
significant iepact on wildlife populations in Frenchman Flat. Even in the
cape of the largest planned teat, the highesr concentrariaons af NH] ©
1500 ppm) will be alwmost entirely restrictad to the dry lake bed, which is
egsentially devoid of animal life (Fig. 5.3).

There have been relatively few experimental studies of the effects on
anizmals from acute exposure to NH]; however, the available data wuggest that
animals are less senpitive to NH; than are plants (Pacific Northwest
Laboratory, 1981). Several studies of laboratory species indicate significant
mortality resulting frum short-term exposuras to NHJ concentrations of 5000
to 25,000 ppm. Mice and guinea pigs expossd ro 20,000-25,000 ppm NHJ for 10~
30 min showed mortality ranging up to 502 (H:lado et al., 1978 Undervriters
Laboretories, 1933). Ocher researche: s using mice, cats and yabbits have
reportad up to S0X mortality from exposures of 1 hr to NH3 concentrations of
S000 to 10,000 ppm (Wands, 1981). These high concentrations produce devere
damage to the upper respiratory tract, as wall as less sericus pathological

ef{fects on the bronchioles and alveoli of the lungs.

There are vary few reports of mortality to experimental gnimala from even
logg—-terk expogure tao NHJ concentrations on the order of 1000 ppa. Most
studies have found litrle or no ill effect on speacies such as guines pigs,
rats, rabbits, dogs, and wmonkeys as a result of ezposures rangiag f{roa many
houre to msny days st this NH, lavel (Wands, 1981; National Research Council,
1979). However, there is some evidence that shorti-term exposure to these
concentrations can increase ausceptidility to secomdary reapiratory infection.
Cats, for example, ware found wmore )ikely co comtract broachitis and broncho~
pueusonia after only 10 ain emposure to 1000 IB3 (Dodd and Grose, 1980).
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Long-term studies have found no wortality aad ano significant pathological
changes in animals exposed to NH3 concentrations below 500 ppm for many days
to waeks (Wands, 1981; National Research Council, 1979},

Bagsad on thesa experiments) data, three impact gones have been defined
(rig. 5.3). Zone I includes the area that could be exposed to 1500 ppm NH,
or more for up to 10 min during the largest plenned test. Vildlife within this
gone maight be killed or seriously injured if they were active on the surface

during the teet, Zone Il could de exposed to NH, ceacent.ations ranging from

S00 to 1500 for a comparable period of time. Anzuals present within Zope [I
could sufler some injury from N%3 expos .~e, but there is a very low prodba-
bility of wortality. Finally, concentrations in Zone Itl would be in the range
from S0 to 500 ppm NH, . These levels of NH) would at most result in minor
irritation to any wildlife present here.

Zone | iy smaller for the largest NH3 test than for the coaparable n,oa
release. Although a large portion of the area at risk of exposure to NH; con-
centrations of 1500 ppm or higher is dry lake bed, it does include the artificiat

marsh and a small section of Atriplex shrub habitat (less than ) wef ).

Ay in the case of the Nzoé tesrc, cthere could be some aortality of birds
in the marsh or of lizards and small birds in the Atriplex habitat. Again, the
species thet might be affected ara common and their populations would recover

rapidly from such a loss.

Most wildlife species would be sheltered in burrows during the day when
the tests would occur and would not be ewposed to high toncentrations of SHJ

even if the trajectory of the cloud took it inte the Atriplex habitsc.

The reconnaissanca survay on June 15-16, 1983 (Appeadix) found no sign of
desert tortoise activity im 20ne 1, s0 no advarse impact on thip species 13
expected as a rasult of IH3 tast series. One poteatially active kit fox den
wag identified withio Zome 1. Since any kit foxas present weuld in all
probability de protected in their den at the time the tests are carried out,

no adverse effects are expected.
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Mich of 20ne Il 1ies within the playa; the araa olf che playa thar could
be exposed to NH, concentrations between S0C0 and 1300 ppm {s wostly Atriplex
nabitac. Mortality or even serious injury to animals directly exposed within

this z20oune is very improbable.
No harmful effects on wildlife populations are expected within 20ne 111,

d. Cultural Rascurces

The proposed NH3 and Nzo4 1pill tests sre not expacted to adversely
Lapact cultural resourcea. Thera appear cto be no archeeological or historical
sites at Frenchwan Flat sud the proposed projmct will not require any new

surface dieturbance or persanent conslruction.
2. Mitigation Measures

e. Air Quality

Air quality permits from the State of Nevads may be required for the
tasts. The tests will be performed within the specifications and constraints
of these permits and whatever mitigation measures necessary to conform to cheee
specificstions will be implemented. Monitoring, hoth on- and off-site, will

be done in sccordance with the General Operating and Security Instructions.

b. Water Resources
Since the proposed project will have po impact on surface or groundwater

resourcas, no mitigation measures will be required.

e. Biological Resources.
(1) Vegetation. Since the proposed N0, and NIy gpill teets
are axpascted o have no significant adverse impact on tha natural vegetatian

of Frenchman Flat, mo mitigation measures are called for.

Nevertheless, certain sters will ba taken to monito a1e effects of the
project on vegetalioa downwind from the releasa smita. Prior to the largast
N,0, and W, opill tests, a murvey will be conducted ko datermine the
condition of the vagetation in these aress coundidered to likely to be exposed
to tha highset gas concemtrations. Appronimately two days after each of the
two raleases, the areas surveyad and/ar any others receiving high exposure
116e/3¢
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levels will be resurveyed. Visual examination and photomonitoring of dowminant
snd subdominant plant species will be carried out as parc of this efforr. A
report will bs submitted to the Environmental Office, DOE Hevada Operatious
Office.

(2) wildlife. The project is not expected to have any significant
adverse impact on wildlife populations at Frenchman Flat. A reconnaissance
survey for evidence of kit fox and desert tortoise populations was carried out
on June 15-16, 1983 over an extensive area of Frenchman Flat downwind (aorth
and ease) of the ptoposed spill point (P. Laitner, mamo, July 5, 1983,
Appendix). The only desertr tortoise population found was well cutside the
area that could be exposed to lathal concentrationa of NH, or NO,. Two
potentially active kit fox dens were found within a zone that could be exposed
to lethal concentrations of these gases. Houever no impact im expectad
becsuse the animals should be in their dens at the time spill cescs asre
conducted. To assure that this will de true the tasts will not be conducted
until after 9:30 AM. As & resul:t of these findings, no other sitigarion

measures will be required to protect wildlife resources.

The artificial marah should be surveyed for bird use before the largest
proposed N2ob and NH3 relaases. If significant numbers of waterfowl are
found here, carbide or firecracker guns will be used to tamporarily frightenm

them away juat prior to the tests.

3. Cultural Resources

Since there will be no clearing of land areas or extensive offroad vehicle
travel, there should de no impact on cultural rescurces should they exist in
the Frenchman Flat ares. Consequently no mitigation measures will be neces-
sary. Howevar, if any artifscts or other items of archaeslogical or historical
interest are discovered in the course of the proposed project, established NIS

guidalines will be followed to ensurs their protection.
. Unavoidable Adverse lmpects

1f the project is carried out and the proposed mitigarion messuras are
isplementad, certsin adverse impacts will still remein. The release of
lzﬂk and IH3 to the atmosphare {s necessary for the purpoaes of thaes
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teste, Howsver, the emounts involved are auch thet there will be ro signifi-
cant impact on air quality. Tc is possible thac small areas of nstural vege-
tation close to the spill site in a downwind direction could suffer temporary
demage. Ko lose Of vegetation is expected and no vare, threatened, or andan-
gered plant species are present in the area that might be impacted. There i»
a small risgk of death or injury to a few iandividuals of certain wildlife
spacies thar may be present in areas cloase to the release point. Ko rare,
threatened, or endangered wildlife species are at risk withia rhe prolact srea.
Two wpecias of concern, the kit fox and the deserr tortoise, are very unlikely
to be exposed to high concentrations of NO, or NH,. They are either abaent
(desart tortoise) or are present in very low numbers (kit fox) in habitat that
could be exposed to dangerous lavels of these two gases. Furthermore, they
should be underground in their burrows during the teat parioda. Low comcen-~
trationa of thene gases will drift onto lands being nmanaged by rhe U.S. Fiash
and Wildlife Service which are being conaidered for wilderness designation.
There will be a discinctive odor present during the tasts (less than 10 minm)

but no hermfull effects will occur because of the low concentrations.
4. Cumulative Enviroumental Effects

The environmencasl impact of the proposed project will be tewporary and
transient. Pelease of NZOA and NH] to the atmosphere will involve
limiced amounts of these materisla for brief periods of time. Dispersion snd
mixing with the regional air mase will occur quickly and sven the coral of all
releases during this tast program will not result in a significsat impact on
air quality. Only the largest planned test f{n each seriea (NZOG and Nﬂj)
has the potantial to harm vegetation or wildlife. Although these two releases
could possibly affect the same area, it is very unlikely. Even if this cumu-
lative exposure did occur, changes in plant and snimal pumbers or diversity

would not be expected to result frowm this teat prograsm.
3. Alternstives to the Proposed Action
1. Impsct Analygis

a. No Prolect
Under this altetrmative, uo environmental impact would accur.
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b. Teoets of a Different Magniruda.

Lf the scope of the propoaad “2°b and NH, spill test program were
raduced, the environmeatal impact would also be reduced. However, the objec-
tives of the program could not be achieved and the information required to help

ensure safe cransport and storage of thase substances could not be obCained.
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An assessment of the potentlial environmental effects of NH3 and “Zoh

spill tests proposed by the LLNL Liquefied Gaseous Fuels Program was com-
pleted on June 13, 1983. This analysis indicated that If the tests were
carried out at Frenchman Flat on the Nevada Test Site, the highest downwind
gas concentrations would be largely confined to the barren dry lake bed.
Mowever, under worst case meteoraloglical conditions the largest planned NZOH
release could result in an ch concentration as high as 50 ppm at 2.65 km
downwind from the spill point. Thus, NO2 concentrations capable of killing
or injuring exposed wildlife might reach habitat areas near the edge of the

dry lake bed. The largest planned NH_ release would result in exposure of

3
@ considerably smaller area to potentially letha) NH3 concentrations; never-

theless, some wildlife nabitat might be affected.

Two wildlife speacies of concern were identified as potentially occurring
in areas near the dry lake bed that might recelve dangerous concentrations
of NH, or NO,. These species are the kit fox (Vulpes macrotis) end desert

3 2
tortoise (Gopherus agassizl); both are protected under VJevada law. Since no

wildlife surveys had been carriad out in the areas considered to be at risk
of exposure to dangerous NH3 ar N02 concentrations, a site visit was arranged
for June 165 ¢ 16, 1983, The primary purpose of the visit was to conduct a
search for any evidence of kit fox or desert tortoise populations in the area
downwind of the proposed spill point. A secondary objective was to document

general wildlife usage of this area.
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METHODS

A reconnaissance wildlife survey was conducted over much of the area
downwind from the proposed spill point. The habitat up to 10 km northeast
of the spil] point was sxamined for any signs of kit fox or desert tortnise
activity., The survey sampling effort was concentrated in those areas most
Jlkely to be Impacted by an or nzok releases. Al! areas surveyed are in-

dicated on the gttached map.

The procedure was for two or more persons to drive by automobile tg a
pre~selected point and then to walk through a represenctative area of hahltat.
Special attention was paid to tracks or burrows that might give evidence of
the two species of concern. Observations were also made af sightings or other
sign of additional wildlife species. Al) personnel were instructed regarding

the usual appearance and dimensions of kit fox and desert tortolse burrows.

Those participating in this survey included Joseph Shinn, Richard Ceder-
wall, David Mcintyre, Oonald Holman, and John McClure, all from LLNL. The
other participant was Philip Leitner (Binlugy Department, St. Mary's Coilege).

RESULTS

No kit fox were ¢ 2n during the two day survey period. However, several
burrows that could have been utilized by this species were identified. Their

locatiens are shown at polints |, 2, and 3 on the attached map.

Site ! represents a den that appeared to be in active use; /L was located
{n pile of dirt at an abandoned bunker. Site 2 was an spparently active den
on the edge of an old dirt road. Site 3 was an lnactive burrow chat may have

been used by kit fox in the past.

Sites | and 2 are within the area defined as 2one | for NO2 In the Environ-
mencal Assessment document; Site | Is withln Zone | for HH, as well., Thus,
these sites could be exposed to lethsl concentrations of NM3 (Sice 1) or ND2
(Sites 1 and 2). However, any kit fox present would be at risk of exposure
only |f they were above ground during the dsytime test perfod, an unlikely



TRIP REPORT
p. )

situation. Slce 3 is well out at the edge of Zone (I for NO2 and thus N02
concentrations here would never cause death or serious Injury to exposed

animals,

No desert tortoises were seen during this survey, although there was
considerable search efffort during early morning hours when these animals
were most likely to be active above ground. No sign of desert tortaoise
tracks or dens was found in the saltbush (Atriplex spp.) association near

the dry lake bed. Survey work in the creosote bush (Larrea tridentata)

assoclation farther upslope to the north of the dry lake bed uncovered no
evidence of this species either. The only place In which apparent desert

tortoise dens were found is indicated as Site & on the attached map.

In Site b about a dozen potential desert tortolse burrows were saen along
the banks of a riajor wash that comes down from the northeastern slapes toward
the Frenchman /lat dry lake bed. Some of the burrows looked quite inactive,
while others appeared to have been used during spring 1983, The most reason-
able conclusion is that a small desert tortoise population exlsts along this
wash atove the 3100 ft contour. It seams likely that the animals were esti-

vatiag in their dens at the time of the survey (mid-June),

A freshwvater marsh has formed at the northwest margin of the dry lake bed,
where water from a test well is impounded by a dike. HMarsh vegetation con-
sisting mainly of cattails (Typha sp.) and willows (Salix ¢p.) has grown up
to a height of 3-4 m near the point at which the water enters. In those parts
of the diked area more remote from the water inflow, the vegetation consists
mostly of sedges and reeds which reach a height of 0.5-1.5 m and dry out during
summer. There s no open water that might attract waterfow! or shorebirds,

The only wildllfe seen were a few mourning doves (Zenaida macroura) and red-

winged blackbirds (Agelalus phoeniceus).

The dry lake bed supports little vegeratinn or animal life. |t is primarily
o flat barren surface of alkali-saturated clay. Scattered structures of various
kinds left over from the atmospheric nuclear testing program of the 1950s are

visible. Where ditches or shallow trenches were pxcavated, small clumps and
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rows Of shrubs and low trees have becorme establisned. There is essentially
no vegetation on the dry lake bed along the proposed spill center!ine from
the spill release point toward the 62-m meteorological tower. Some wildlife
cen be seen on the dry lake bed, Tncluding species thal use the scartered
vegetation and.the abandoned structures for cover. During the survey, a
coyote, severa) jack rabbits, whip-tailed lizards, mourning doves, Rrewer's
blackbirds, and Say's phoebes were observed on the dry lake bed; however,

all were seen in the area to the south of the proposed spill area.

CONCLUSIONS

The wildlife survey indicated that the proposed spill tests would not
adversely impact thne desert tortoise population at Frenchman Flat. The orly
area In which this species was faund would not receive dangerously high con-
centratiars of NH3 ar ~02. Alttough a few kil fox may occur within a z6ne
that could possikl,; te exposad to lethal concentrations of NH3 or NOZ‘ they
would in all ljkelihood be in their dens at the rtime of the tests. The
fresneater ~arsh at the edge of the cld lake bed does not support and does not
appear to b2 arzractive to slignificant bird populations. Thus, few, if any,
anirals wocld te exposed to dangerous concentrat.ons of NH3 or NO2 even durirg

the larzese plan-e2 spil! rests.
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