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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



'Y

UCID-17296

SUPPORTING DOCUMENTS

FOR
LLL AREA 27 (410 AREA) SAFETY ANALYSIS REPORTS
| NEVADA TEST SITE

February 1, 1977

Compiled by Byron N. Odell




INTRODUCTION

The following appendices are common to the LLL Safety Analysis

Reports Nevada Test Site and are included here as supporting documents
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" PREFACE

The Atomic Energy Commission (AEC) used the Nevada Test Site (NTS) from
January 1951 through January 19, 1975, as an area for conducting nuclear
detonations, nuclear rocket-engine development, nuclear medicine studies, and
miscellaneous nuclear and non-nuclear experiments. Beginning on January 19,
1975, these responsibilities were transferred to the newly-formed U.S. Energy
Research and Development Administration (ERDA). Atmospheric nuclear tests
were conducted periodically from 1951 through October 30, 1958, at which time
a testing moratorium was implemented. Since September 1, 1961, in accordance
with the limited test ban treaty, all nuclear detonations have been conducted
underground with the expectation of containment except for four slightly above-
ground or shallow underground tests of Operation Dominic II and five nuclear
earth-cratering experiments conducted under the Plowshare program.

The U.S. Public Health Service (PHS), from 1953 through 1970, and the
U.S. Environmental Protection Agency (EPA), from 1970 to the present, have
maintained facilities at the NTS or in Las Vegas, Nevada, for the purpose of
providing an Off-Site Radiological Safety Program for the nuclear testing
program, In addition, off-site surveillance has been provided by the PHS/EPA
for nuclear explosive tests at places other than the NTS. Prior to 1953, the
surveillance program was performed by the Los Alamos Scientific Laboratory
and U.S. Army personnel.

The objective of the Program since 1953 has been to measure levels and
trends of radioactivity in the off-site environment surrounding testing areas
to assure that the testing is in compliance with existing radiation protection
standards. To assess off-site radiation levels, routine sampling networks for
milk, water, and air are maintained along with a dosimetry network and special
sampling of food crops, soil, etc., as required. For the purpose of implement-
ing protective actions, providing immediate radiation monitoring, and obtain-
ing environmental samples rapidly after a release of radioactivity, mobile
monitoring personnel are also placed in areas downwind of NTS or other test
areas prior to each test.

In general, analytical results showing radioactivity levels above natu-
rally occurring levels have been published in reports covering a test series
or test project. Beginning in 1959 for reactor tests, and in 1962 for weapons
tests, surveillance data for each individual test which released radiocactivity
off-site were reported separately., Commencing in January 1964, and continuing
through December 1970, these individual reports for nuclear tests were also
summarized and reported every 6 months. The individual analytical results for
all routine or special milk samples were also included in the 6-month summary
reports. :

In 1971, the AEC implemented a requirement (ERDA Manual, Chapter 0513)
for a comprehensive radiological monitoring report from each of the several
contractors or agencies involved in major nuclear activities. The compilation

iii



of these various reports since that time and their entry into the general
literature serve the purpose of providing a single source of information
concerning the environmental impact of nuclear activities. To provide more
rapid dissemination of data, the monthly report of analytical results of all
air data collected since July 1971, and all milk and water samples collected
since January 1972, were submitted to the appropriate state health depart-
ments involved, and were also published in Radiation Data and Reports, a
monthly publication of the EPA which was discontinued at the end of 1974.

Beginning with the first quarter of 1975, air and milk sample data have
been reported quarterly. Dosimetry data were included beginning with the
third quarter 1975.

Since 1962, PHS/EPA aircraft have also been used during nuclear tests to
provide rapid monitoring and sampling for releases of radioactivity. Early
aircraft monitoring data obtained immediately after a test are used to posi-
tion mobile radiation monitoring personnel on the ground, and the results of
airborne sampling are used to quantitate the inventories, diffusion, and
transport of the radionuclides released. Beginning in 1971, all monitoring
and sampling results by aircraft have been reported in effluent monitoring
data reports in accordance with the ERDA Manual, Chapter 0513.

iv
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INTRODUCTION

Under a Memorandum of Understanding, No. AT(26-1)-539, with the U.S.
Energy Research and Development Administration (ERDA), the U.S. Environmental
Protection Agency (EPA), Environmental Monitoring and Support Laboratory-Las
Vegas (EMSL-LV), continued its Off-Site Radiological Safety Program within
the enviromment surrounding the Nevada Test Site (NTS) and at other sites
designated by the ERDA during 1975. This report, prepared in accordance with
the ERDA Manual, Chapter 0513, contains summaries of EMSL-LV sampling methods,
analytical procedures, and the analytical results of environmental samples
collected in support of ERDA nuclear testing activities. Where applicable,
sampling data are compared to appropriate guides for external and internal
exposures to ionizing radiation. In addition, a brief summary of pertinent
and demographical features of the NTS and the NIS environs is presented for
background information. ‘

NEVADA TEST SITE

The major programs conducted at the NTS in the past have been nuclear
weapons development, proof-testing and weapons safety, testing for peaceful
uses of nuclear explosives (Project Plowshare), reactor/engine development
for nuclear rocket and ram-jet applications (Projects Pluto and Rover), basic
high-energy nuclear physics research, and seismic studies (Vela-Uniform).
During this report period these programs were continued with the exception of
Project Pluto, discontinued in 1964, and Project Rover, which was terminated
in January 1973. No Plowshare nuclear tests were conducted at the NTS or any
other site during this period. All nuclear weapons tests were conducted under-
.ground to minimize the possibility of the release of fission products to the
atmosphere.

Site Location

The Nevada Test Site (Figures 1 and 2) is located in Nye County, Nevada,
with its southeast corner about 90 km northwest of Las Vegas. The NTS has an
area of about 3500 km? and varies from 40-56 km in width (east-west) and from
64-88 km in length (north-south). This area consists of large basins or flats
about 900-1200 m above mean sea level (MSL) surrounded by mountain ranges
1800-2100 m MSL.

The NTS is nearly surrounded by an exclusion area collectively named the
Nellis Air Force Range. The Range, particularly to the north and east, pro-
vides a buffer zone between the test areas and public lands. This buffer zone
varies from 24-104 km between the test area and land that is open to the public,
Depending upon wind speed and direction, this provides a delay of from 1/2 to
more than 6 hours before any accidental release of airborne radioactivity could
pass over public lands.



Climate

The climate of the NTS and surrounding area is variable, primarily due to
altitude and the rugged terrain. Generally, the climate is referred to as
Continental Arid. Throughout the year there is not sufficient water to sup-
port tree or crop growth without irrigation.

The climate may be classified by the types of vegetation which grow under
these conditions. According to Houghton et al., this method, developed by
K8ppen in 1918, recognizes five basic climatic conditions as humid tropical,
dry, humid mesothermal, humid microthermal, and polar (five-sixths of Nevada
falls in the dry category). Ki#ppen's classification of dry conditions is fur-
ther subdivided on the basis of temperature and severity of drought. Tahle 1,
from Houghton et al., summarizes the different characteristics of these cli-
matic types in Nevada.

TABLE 1., CHARACTERISTICS OF CLIMATIC TYPES IN NEVADA

Mean Temperature Annual Precipitation
°C cm

Climatic (°F) (inches) Dominant  Percent

Type Winter ~_ Summer Total#* Snowfall Vegetation of Area
Alpine -18° - -9° 4° - 10° 38 - 114 Medium to Alpine -
tundra ( 0° - 15°) (40° - 50°) (15 - 45) heavy meadows
Humid ~12° ~ -1°  10° - 21° 64 - 114 Heavy Pine-fir 1
Continental (10° - 30°) (50° - 70°) (25 - 45) forest
Subhumid -12° - =1° 10° - 21° 30 -~ 64 Moderate Pine or scrub 15
continental (10° - 30°) (50° - 70°) (12 - 25) woodland
Mid-lati- - -7° - 4° 18° - 27° 15 - 38 Light to  Sagebrush, 57
tude steppe(20° - 40°) (65° - 80°) ( 6 - 15) moderate  grass, scrub
Mid-lati- -7° - 4° 18° - 27° 8 - 20 1Light Greasewood, 20
tude desert(20° - 40°) (65° - 80°) (3 - 8) " shadscale
Low-lati- 4° - 10° 27° - 32° 5 - 25 Negligible Creosote - . 7

tude desert (40° = 50°) (80" -~ 90°) (2 -10) bush

#Limits of annual precipitation overlap because of variations in temperature -
which affect the water balance.

As pointed out by Houghton -et al., 90 percent of Nevada's population
lives in areas with less than 25 cm of rain per year or in areas which would
be classified as mid-latitude steppe to low-latitude desert regioms.



According to Quiring, 1968, the NTS average annual precipitation ranges
from about 10 cm at the 900-m altitude to around 25 cm on the plateaus. During
the winter months, the plateaus may be snow-covered for periods of several
days or weeks. Snow is uncommon on the flats. Temperatures vary considerably
with elevation, slope, and local air currents. The average daily high (low)
temperatures at the lower altitudes are around 10° (-4°) C in January and 35°
(12°) C in July, with extremes of 44° and -26° C. Corresponding temperatures
on the plateaus are 2° (-4°) C in January and 26° (18°) C in July with ex-
tremes of 38° and -29° C. Temperatures as low as -34° C and higher than 46° C
have been observed at the NTS.

The direction from which winds blow, as measured on a 30-m tower at the
Yucca observation station, is predominantly northerly except for the months
of May through August when winds from the south-southwest predominate. Be-
cause of the prevalent mountain/valley winds in the basins, south to south-
west winds predominate during daylight hours during most months. During the
winter months southerly winds have only a slight edge over northerly winds
for a few hours during the warmest part of the day. These wind patterns may
be quite different at other locations on the NTS because of local terrain
effects and differences in elevation (Quiring, 1968).

Geology and Hydrology

Geological and hydrological studies of the NTS have been in progress by
the U.S. Geological Survey and various other institutions since 1956, Be-
cause of this continuing effort, including subsurface studies of numerous bore-
holes, the surface and underground geological and hydrological characteristics
for much of the NTS are known in considerable detail., This is particularly
true for those areas in which underground experiments are conducted. A com-
prehensive summary of the geology and hydrology of the NTS was published in
1968 as Memoir 110 by the Geological Society of America, entitled "Nevada Test
Site."

There are two major hydrologic systems on the NTS (Figure 3). Ground-
water in the nuvrthwestern part of NIS or.in the Pahute Mesa has been reported
(WASH-DRAFT, 1975) to travel somewhere between 2 and 80 m per year to the south
and southwest toward the Ash Meadows discharge area in the Amargosa Desert.

It is estimated that the groundwater to the east of the NTS moves from north
to south at a rate not less than 2 nor greater than 220 m per year. Carbon-
14 analyses of this eastern groundwater indicate that the lower velocity is
nearer the true value. At Mercury Valley, in the extreme southern part of the
NT3, the groundwater flow direction shifts to the southwest toward the Ash
Meadows discharge area in the southeastern Amargosa Valley.

Depths of water on the NTS vary from about 100 m beneath the valleys in
the southeastern part of the site to more than 600 m beneath the highlands to
the north. Although much of the valley fill is saturated, downward movement
of water is extremely slow. The primary aquifer in these formations is the
Paleozoic carbonates which underlie the more recent tuffs and alluviums.



Land Use of NTS Environs

Figure 4 is a map of the off-NTS area showing general land use. A wide
variety of uses, such as farming, mining, grazing, camping, fishing, and
hunting, exists due to the variable terrain. For example, within a 300-km
radius west of the NTS, elevations range from below sea level in Death Valley
to 4420 m above MSL in the Sierra Nevada Range. Additionally, parts of two
valleys of major agricultural importance (the Owens and San Joaquin) are in-
cluded. The areas south of the NTS are more uniform since the Mojave Desert
ecosystem (mid-latitude desert) comprises most of this portion of Nevada,
California, and Arizona. The areas east of the NTS are primarily mid-latitude
steppe with some of the older river valleys, such as the Virgin River Valley
and Moapa Valley, supporting small-scale but intensive farming of a variety
of crops by irrigation. Grazing is also common in this area, particularly to
the northeast. The area north of the NTS is also mid-latitude steppe where
the major agricultural-related activity is grazing of both cattle and sheep.
Only areas of minor agricultural importance, primarily the growing of alfalfa
hay, are found in this portion of the State within a distance of 300 km,

In the summer of 1974, a brief survey of home gardens around the NTS
found that a majority of the residents grow or have access to locally grown
fruits and vegetables. Approximately two dozen of the surveyed gardens within
30-80 km of the NTS boundary were selected for sampling. These gardens pro-
duce a variety of root, leaf, seed, and fruit crops.

The only industrial enterprises within the immediate off-NTS area are 25
active mines, as shown in Figure 4, and several chemical processing plants
located near Henderson, Nevada. The number of employees for these operations
varies from one person at several small mines to several hundred workers for
the chemical plants at Henderson. Most of the individual mining operations

involve less than 10 workers per mine; however, a few operations employ up
Lo 100-150 workers.

The major body of water close to the NTS is Lake Mead, a man-made lake
supplied by water from the Colorado River. Lake Mead supplies about 60 per-
cent of the water used for domestic, recreational, and industrial purposes in
the Las Vegas Valley and a portion of the water used by Southern California.
Smaller reservoirs and lakes located in the area are primarily for irrigation
and for livestock. 1In California, the Owens River and Haiwee Reservoir feed
into the Los Angeles Aqueduct and are the major sources of domestic water for
the Los Angeles area.

As indicated by Figure 4, there are many places scattered in all direc-
tions from the NTS where such recreational activities as hunting, fishing, and
camping are enjoyed by both local residents and tourists. In general, the
camping and fishing sites to the northwest, north, and northeast of the NTS
are utilized throughout the year except for the winter months. Camping and
fishing at locations southeast, south, and southwest are utilized throughout
the year with the most extensive activities occurring during all months except
the hot summer months. All hunting is generally restricted to various times
during the last 6 months of the year.



Dairy farming is not extensive within the 300-km-radius area under dis-
cussion. From a survey of milk cows during this report period, 8700 dairy
cows, 370 family goats, and 600 family cows were located. The family cows
and goats are found in all directions around the test site (Figure 5), where-
as the dairy cows (Figure 6) are located southeast of the test site (Moapa
River Valley, Nevada; Virgin River Valley, Nevada; and Las Vegas, Nevada),
northeast (Hiko and Alamo, Nevada, area), west-northwest (near Bishop, Cali-
fornia), and southwest (near Barstow,. California).

Population Distribution

The populated area of primary concern around the NTS is shown in Figure
7 as the area within a 300-km radius of the NTS Control Point (CP-1), except
for the areas west of the Sierra Nevada Mountains and in the southern portion
of San Bernardino County. Based upon the 1970 census and the projections for
1973 and 1974 by the U.S. Census Bureau, Figure 7 shows the population of
counties in Nevada and pertinent portions of the States of Arizona, California,
and Utah. Las Vegas and vicinity are the only major population centers within
the inscribed area of Figure 7, With the assumption that the total populations
of the counties bisected by the 300-km radius lie within the inscribed area,
there is a population of about 520,000 people living within the area of pri-
mary concern, about 50 percent of which lives in the Las Vegas urbanized area.
If the urbanized area is not considered in determining population density,
there are about 0.7 people per km? (2 people per mi2), For comparison, the
United States (50 states, 1970 census) has a population. density of 22 people
per kmz, and the overall Nevada average is 1.5 people per km?.

The off-site areas within about 80 km of NTS are predominantly rural.
Several small communities are located in the area, the largest being in the
Pahrump Valley. This rural community, with an estimated population of about
1800, is located about 72 km south of the NTS. The Amargosa Farm area has a
population of about 300 and is located about 50 km southwest of the center of
the NTS. The Spring Meadows Farm area is a relatively new development con-
sisting of approximately 4000 m? with a population of about 60. This
area is about 55 km south-southwest of the NTS. The largest town in the near
off-site area 1s Beatty with a population of about 500; it is located about
65 km to the west of the site,

In the adjacent states, the Mojave Desert of California, which includes
Death Valley National Monument, lies along the southwestern border of Nevada.
The population in the Monument boundaries varies considerably from season to
season with fewer than 200 permanent residents and tourists in the area during
any given period in the summer months. However, during the winter as many as
12,000 tourists and campers can be in the area on any particular day during
the major holiday periods. The largest town in this general area is Barstow,
located 265 km south-southwest of the NTS, with a population of about 18,200.
The Owens Valley, where numerous small towns are located, lies about 50 km
west of Death Valley. The largest town in Owens Valley is Bishop, located
225 km west-northwest of the NTS, with a popnlation of about 3600.



The extreme southwestern region of Utah is more developed than the adja-
cent part of Nevada. The largest town, Cedar City, with a population of 9900,
is located 280 km east-northeast of the NTS. The next largest community is
St. George, located 220 km east of the NTS, with a population of 8000.

The extreme northwestern region of Arizona is mostly undeveloped range
land with the exception of that portion in the Lake Mead Recreation Area.

Several small retirement communities are found along the Colorado River,
primarily at Lake Mojave and Lake Havasu. The largest town in the area is
Kingman, located 280 km southeast of the NTS, with a population of about 7500,

OTHER TEST SITES
Table 2 lists the names, dates, locations, yields, depths, and purposes

of all underground nuclear tests conducted at locations other than the NTS.
No off-NTS nuclear tests were conducted during this report period.



 SUMMARY,

" During 1975, the monitoring of gamma radiation levels in the environs of
the NTS was continued through the use of an off-site network of radiation do-
simeters and gamma-rate recorders. Concentrations of radionuclides in pertinent

"environmental media were also continuously or periodically monitored by estab-
lished air, milk, and water sampling networks. Before each underground nuclear
detonation, mobile radiation monitors, equipped with radiation monitoring in-
struments and sampling equipment, were on standby in off-NTS locations to re-
spond to any accidental release of airborne radioactivity. An airplane was
airborne near the test area at detonation time to undertake tracking and sam-
pling of any release which might occur.

A total of about 22 curies (Ci) of radiocactivity, primarily radioxenon,
was reported by ERDA/NV as being released intermittently throughout the year.
The only off-NTS indications of this radioactivity from test operations were
low concentrations of xenon-133, krypton-85, and tritium (hydrogen-3) in
various combinations, measured in air samples collected at Beatty, Diablo, Hiko,
Indian Springs, and Las Vegas, Nevada. The concentrations at these locations
when averaged over the year were less than 0.0l percent of the Concentration
Guide of 1x10 ’/ microcuries per millilitre (uCi/ml) as listed in the ERDA
Manual, Chapter 0524, for exposure to a suitable sample of the population.
Based upon time-integrated concentrations of the nuclides at these locationmns,
dose calculations, and population information, the whole-body gamma dose
commitment to persons within 80 km of the NTS Control Point for test operations
during this year was estimated to be 0.00065 man-rem. The highest dose com-
mitment,* 0,062 man~rem occurred beyond 80 km of NTS at Las Vegas, Nevada, a
location with a much higher population density than any within 80 km of NTS.

All other measurements of radioactivity made by the Off-Site Radiological
Safety Program were attributed Lo naturally occurring radioactivity or atmo-
spheric fallout and not related to underground nuclear test operations during
this report period. Due to the absence of atmospheric tests by the People's
Republic of China during 1975 and the reduction in fallout from all previous
atmospheric tests, no radionuclides were detected in samples of the Air Sur-
veillance Network (ASN). A decrease in the range and average of gamma radi-
ation levels monitored by thermoluminescent dosimeters of the off-NTS Dosim—
etry Network was observed as compared to previous years. The decrease in
average exposures was attributed to a combination of factors: the slightly
lower response of the new 2271-G2 dosimeters which replaced the TL-12 dosim-
eters used previously; the unusually low levels of world-wide fallout observed
during the year by the ASN; and the continuing decay of old fallout from
atmospheric testing at the NTS during 1951 - 1958.

*The dose commitment (product of estimated average duse and population) at
Las Vegas from 1 year's exposure to natural background radiation is about 9700
man-rem.,



The Long-Term Hydrological Monitoring Program used for the monitoring of
radionuclide concentrations in surface and groundwaters which are down the
hydrologic gradient. from sites of past underground nuclear tests was continued
for the NTS and six other sites located elsewhere in Nevada, Colorado, New
Mexico, and Mississippi. Naturally occurring radionuclides, such as uranium
isotopes and radium-226, were detected in samples collected at most locations
~at levels which were comparable to concentrations measured for previous years.
Tritium was measured in all surface water samples at levels less than 2.5x10 ©
pCi/ml, a concentration considered from past experience to be the highest one
would expect from atmospheric fallout. Except for samples collected at wells
known to be contaminated by the injection of high concentrations of radio-
activity for tracer studies, no radiocactivity related to past underground
tests or to the contaminated wells was identified.



MONITORING DATA COLLECTION, ANALYSIS, AND EVALUATION

The major portion of the Off-Site Radiological Safety Program for the NTS
consisted of continuously-operated dosimetry - and air sampling networks and
scheduled collections of milk and water samples at locations surrounding the
NTS. Before each nuclear test, mobile monitors were positioned in the off-
site areas most likely to be exposed to a possible release of radioactive
material. These monitors, equipped with radiation survey instruments, rate
recorders, thermoluminescent dosimeters, portable air samplers, and supplies
for collecting environmental samples, were prepared to conduct a monitoring
program directed from the NTS Control Point via two-way radio communications.
In addition, for each event at the NTS, a U.S. Air Force aircraft with two
Reynolds Electrical and Engineering Company monitors equipped with portable
radiation survey instruments was airborne near surface ground zero to detect
and track any radioactive effluent. Two EMSL-LV cloud sampling and tracking
aircraft were also available to obtain in-cloud samples, assess total cloud
volume, and provide long-range tracking in the event of a release of airborme

radioactivity.

During this report period, only underground nuclear detonations were con-
ducted. All detonations were contained. However, during re-entry drilling
operations, occasional low level releases of airborne radicactivity, pri-
marily radioxenon, did occur. According to information provided by the Nevada
Operations Office, ERDA, the following quantities of radionuclides were re-
leased into the atmosphere during CY 1975:

Quantity Released

Radionuclide (ci)
133%e 19.6
133my, 0.3
3 2.2
Total 22.1

Continuous low-level releases of 3H and 8%Kr occur on the NTS. Tritium
is released primarily from the Sedan crater and by evaporation from ponds
formed by drainage of water from tunnel test areas in the Rainier Mesa.
Krypton-85 slowly seeps to the surface from underground test areas. The
quantities of radioactivity from seepage are not quantitated, but are detected
at on-site sampling locations.

Contained within the following sections of this report are descriptions
for each surveillance network and interpretations of the analytical results
which are summarized (maximum, -minimum, and average concentrations) in tables.
Where appropriate, the average values in the tables are compared to the appli-
cable Concentration Guides (CG's) listed in Appendix A.
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For "grab" type samples, radionuclide concentrations were extrapolated to
the appropriate collection date. Concentrations determined over a period of
time were extrapolated to the midpoint of the collection period. Concentration
averages were calculated assuming that each concentration less than the minimum
detectable concentration (MDC) was equal to the MDC.

All radiological analyses referred to within the text are briefly described
in Table 3 and listed with the minimum detectable concentrations (MDC's). To
assure validity of the data, analytical personnel routinely calibrate equipment,
split selected samples (except for the Air Surveillance Network) for replicate
analyses, and analyze spiked samples prepared by the Quality Assurance Branch,
EMSL-LV, on a bi-monthly basis. All quality assurance checks for the year
identified no problems which would affect the results reported here.

‘For the purpose of routinely assessing the total error (sampling replica-
tion error plus analytical/counting errors) associated with the collection and
analysis of the different types of network samples, plans were made during this
report period to initiate a duplicate sampling program for all sample types
during CY 1976. The program was initiated in some of the networks near the end
of this report period; but the data generated are not gufficient to be included
in this report. Information on the total error associated with the different
sample types will allow more complete analysis of variance in sample results
and develop greater confidence in identifying results which are higher than
normal.

AIR SURVEILLANCE NETWORK

The Air Surveillance Network, operated by the EMSL-LV, consisted of 48
active and 73 standby sampling stations located in 21 Western States (Figure 8).
Samples of airborne particulates were collected continuously at each active
station on 1l0-cm-diameter, glass—fiber filters at a flow rate of about 350 m3
of air per day. The filters were collected three times per week, resulting in
48- or 72-hour samples from each active station. Activated charcoal cartridges
directly behind the glass-fiber filters were used regularly for the collection
of gaseous radioiodines at 21 stations near the NTS. Charcoal cartridges could
have been added to all other stations, if necessary, by a telephone request to
station operators. All air samples (filters and cartridges) were mailed to the
EMSL-LV for analysis. Special retrieval could have been arranged at selected
locations in the event a release of radioactivity was believed to have occurred.

From gamma spectrometry results, no radionurlides were identificd on any
tilters or charcoal cartridges during this report period. Normally, radio-
nuclides from the atmospheric testing of nuclear devices by the People's
Republic of China are detected by the ASN; however, no tests were conducted
during CY 1975 and apparently the atmospheric concentrations from previous
tests were below the minimum detectable concentration for gamma spectrometry
analyses.
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NOBLE GAS AND TRITIUM SURVEILLANCE NETWORK

The Noble Gas and Tritium Surveillance Network, which was first estab-
lished in March and April 1972, was operated to monitor the airborme levels of
radiokrypton, radioxenon, and tritium (3H) in the forms of tritiated hydrogen
(HT), tritiated water (HTO), and tritiated methane (CH3T). Originally, the
Network consisted of four on-NTS and six off-NTS stations. For the purpose of
ensuring that the sampling locations on or near the NTS are situated at
population centers, a station was added at Indian Springs, Nevada, on April 1,
1975, and starting at the beginning of the year, the stations at Desert Rock
and Gate 700 were moved to Mercury and Area 51, respectively (Figure 9).

The equipment used in this Network is composed of two separate systems, a
compressor-type air sampler and a molecular sieve sampler. The compressor-—
type equipment continuously samples air over a 7-day period and stores it in
two pressure tanks. The tanks together hold approximately 2 n3 of air at atmo-
spheric pressure. They are replaced weekly and returned to the EMSL-LV where
the tank contents are separated and analyzed for 85Kr, radioxenons, and CH3T
by gas chromatography and liquid-scintillation counting techniques (Table 3).
The molecular sieve equipment samples air through a filter to remove particu-
lates and then through a series of molecular sieve columns. Approximately 5
m3 of air are passed through each sampler over a 7-day sampling period. From
the HTO absorbed on the first molecular sieve column, the concentration of 3u
in uCi/ml of recovered moisture and in uCi/ml of sampled air is determined by
liquid-scintillation counting techniques. The 3H, passing through the first
column as free hydrogen (HT), is oxidized and collected on the last molecular
sieve column. From the concentration of 3H for the moisture recovered from the
last column, the 3 (in uCi/ml of sampled air) as HT is determined.

Table 4 summarizes the results of this Network by listing the maximum,
minimum, and average concentrations for'ssKr, total Xe or 133Xe, 3H as CH3T,
3H as HTO, and 3H 4s HT. The annual average concentrations for each station
were calculated over the time period sampled assuming that all values less than
MDC were equal to the MDC. All concentrations of 85Kr, Xe or ;33Xe, 34 as
CH3T, 3H as HTO, and 31 as HT are expressed in the same unit, pCi/ml of air.
Since the 3H concentration in air may vary by factors of 15-20 while the con-
centration in atmospheric water varies by factors up to about 7, the 3H concen-—
tration in uCi/ml of atmospheric moisture is also given in the table as a more
reliable indicator in cases when background concentrations of HTO are exceeded.

As shown by Table 4, the average 85kr concentrations. for the year were
nearly the same for all stations, ranging from 1.7x10-1! pci/ml to 2.0x10-1!
uCi/ml, with an overall avera%e of 1.81x10-1! yci/ml. This compares with
overall averages of 1.60x10~ ! yci/ml in 1972, the first year of network
operation, and 1.76x107!! uCi/ml in 1974. The ambient concentration is in-
creasing world-wide, primarily as a result of nuclear reactor operations. The
maximum concentrations for all stations ranged from 2.3x10" 1! yci/ml to
3.8x10-1! yci/ml. Based upon a review of all past 85kr data, those concen-
trations equal to or greater than 2.5x10-!! uCi/ml were considered to be above
ambient background concentrations and attributable to some outside source or
to anomalous variations. The sampling locations and dates for all concen-
trations above this level during CY 1975 are as follows:
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Collection Period 85kr Concentration

Location . B Start Stop (101! yci/ml)
Death Valley Jct., California 06/17 06/24 2.7
Beatty, Nevada 12/09 12/16 2.5
Diablo, Nevada : 12/10 12/17 2.5
Indian Springs, Nevada ' 06/02 06/09 2.7
12/08 12/15 2.8
12/15 12/22 3.0
Las Vegas, Nevada 04/02 04/09 2.6
: . 12/10 12/17 2.9
« , 12/17 12/24 3.0
NTS, Nevada (Mercury) 05/19 05/27 2.6
' ' 12/08 12/15 . 3.4
NTS, Nevada (Area 51) 05/05 05/12 2.5
06/02 06/09 2.5
NTS, Nevada (BJY) 03/03 03/10 2.5
‘ 03/10 03/17 - 3.4
12/08 12/15 - 3.8
NTS, Nevada (Area 12) 12/15 12/22 2.6
: 2.7

12/08 12/15

‘ As shown by these data, higher than normal 85kr concentrations for the
sampling stations at Beatty, Diablo, Indian Springs, Las Vegas, Mercury, BJY,
and Area 12 occurred during the perlod December 8-24. The highest of the
concentrations, occurring at the NTS, were at BJY (3. 8x10-!1 1Ci/ml) and
Mercury  (3.4x10"1! uCi/ml). These concentrations, and the 3.4x10-1! pci/ml
sample from March 10-17 at BJY, are attributed to current testing operations
or seepage from the ground around the sites of past underground nuclear deto-
nations. The highest concentration averages, either on-NTS or off-NIS, were
less than 0.01 percent of the Concentration Guides for on- and off—31te ex-
posures (see Appendix A). Since all the other higher than normal 85kr concen-
trations in the above table occurred at different times during the year, they
do not appear to be associated with NTS operations.

The concentrations of 3H as HTO were at background levels at all locations
except for the off-NTS stations at Beatty and Diablo and at the on-NTS stations
at Area 51, BJY, and Area 12. Concenttations of 3H as HT were above normal
background levels only occasionally at the on-NTS station at Area 12. The
concentrations of 3H as CH3T at all locations were less than the MDC. The
higher than normal concentrations of SH as HT and HTO were probably the result
of seepage from the ground near the sites of past tests, such as the Sedan
cratering test and the Area 12 tunnel tests. The total of the average 3H
concentrations (HIOHHT+CH3T) for either of the off-NTS locations identified
with above background concentrations was less than 0.0l percent of the Concen--
tration Guide for 3H in air.

Concentrations of radioxenon greater than the MDC were detected at all
Network locations during the year except for Death Valley Junction, Beatty,
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and Tonopah. Since all off-NTS concentrations occurred in November at the
same time that on-NTS concentrations were measured, they were attributable to
NTS operations. The maximum concentration of radioxenon, identified as 133Xe
was 3. lxlO"11 uCi/ml at the on-NTS station at BJY. 1In the off-NTS area, the
highest concentration was 2.5x10-1! uCi/ml at Diablo. At any of the off-NTS
locations, the 133%e concentrations, when averaged over the total sampling
times for the year, were less than 0.0l percent of the Concentration Guide
for this nuclide.

DOSIMETRY NETWORK

The Dosimetry Network during 1975 consisted of 69 locations surrounding
the Nevada Test Site which were monitored continuously with thermoluminescent
dosimeters (TLD's). The locations of these stations, shown in Figure 10, are
all within a 270-km radius of the center of the NTS and include both inhabited
 and uninhabited locations. Each Dosimetry Network station was routinely
equipped with three Harshaw Model 2271-G2 (TLD-200) dosimeters which replaced
the EG&G TL-12 dosimeters previously used. These dosimeters were exchanged
on a quarterly basis, Within the general area covered by the dosimetry sta-
tions, 25 cooperating off-site residents each wore a dosimeter which was ex-
changed at the same time as the station dosimeters.

The 2271-G2 dosimeters consist of two small "chips" of dysprosium-activated
calcium fluoride, designated TLD-200 by Harshaw, mounted within a window of
Teflon plastic and attached to an aluminum card. The card is 4.4 by 3.2 cm and
is about the size of the standard personnel dosimetry film packet. An energy
compensation shield of about 1l.2-mm-thick cadmium metal is placed over the
chips and the whole card is sealed in an opaque plastic container. These do-
simeters have no source of self-exposure and exhibit both sensitivity and pre-

- cision superior to dosimeter types previously used by the EMSL-LV.

The smallest exposure in excess of background radiation which may be
determined from these dosimeter readings depends primarily on variations in the
natural background at ‘the particular station location. Experience has shown
these variations to be significant from one monitoring period to another and
greater than the precision of the dosimeters themselves. Typically, however,
the smallest net exposure observable for a 90-day monitoring period would be
5-15 mR in excess of background. The term "background," as used in this con-
text, refers to naturally occurring radioactivity plus a contribution from
residual man—made fission products

After appropriate corrections were made for background exposure accumulated
during shipment between the Laboratory and the monitoring location, the dosimeter
readings for each station were averaged. This average value for each monitoring
period and station was compared to values from the past 3 years to determine if
the new value was within the range of previous background values for that sta-
tion. "Any values significantly greater than previous values would have led to
calculations of net exposure, while values significantly less than previous
values would have been examined to determine possible reader or handling errors
producing invalid data. The results from each of the personnel dosimeters
were compared to the background value of the nearest station to determine if
a net exposure had occurred.
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Table 5 lists the maximum, minimum, and average dose equivalent rate
(mrem/y) measured at each station in the network during 1975. All doses are
due to environmental background radiation. As noted in the summary of
environmental radiation doses below, the average environmental background
dose for all stations for 1975 is significantly lower than in previous years.
This is believed to be due to three factors: the lesser response to low
energy photons of the new 2271-G2 dosimeters relative to the older TL-12
dosimeters used previously, the unusually low levels of world-wide radiation
fallout observed during 1975, and the continuing decay of old fallout from
atmospheric testing at NTS. Each of these factors, while small in themselves,
has had an effect which in summary is significant.

Environmental Radiation Dose (mrem/y)

Year Maximum Minimum Average
© 1975 130 ' 44 90
1974 160 : 62 ‘ . 114
1973 180 80 123.
1972 200 84 144
1971 ' 303 102 © 163

Independent measurements of the photon energy response to the 2271-G2
dosimeters (with the cadmium shield) and the TL-12 dosimeters reveal a rela-
tively decreased sensitivity of the new dosimeters to photons less than 80 keV.
In a year long side-by-side comparison, the 2271-G2 dosimeters showed a small,
consistently lower average dose than did the TL-12. This is to be expected,
since a significant fraction of the photon spectrum comprising environmental
background is due to scattered photons of relatively low energy. Since the
" data from 1971 through 1974 were obtained with the older dosimeters, this
effect tends to depress the apparent average for 1975. Although a small dif-
terence has been observed between the two TLD types, it is not known yet which
measurement is a truer measure of background exposure dose. Both types give a
similar response for net exposures above background. A more thorough inves-
tigation of the background response of the TLD's will be conducted by making
comparisons to field measurements obtained with a pressurized ionization
chamber. A

During 1975 the Air Surveillance Network reported unusually low levels of
radioactivity in air attributable to world-wide fallout from previous atmo-
spheric tests. While it is difficult to quantify the external gamma-ray dose
from this source, its decrease during 1975 undoubtedly contributed to the lower
overall average dose measured by the Dosimetty Netwotrk, just as the occurrence
of fallout from nuclear tests by the People's Republic of China in 1973 and
1974 tended to raise the network average in those years.

Probably the most significant effect in decreasing the average dose
measured by the Dosimetry Network is the decay of old fallout from atmospheric

' testing at NTS. Figure 10 clearly shows that most network stations are con-

centrated in areas which received fallout from these tests, particularly to

the north and northeast of NTS, and thus the network average is significantly

affected by changes at those stations. As was noted in the previous summary of
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environmental radiation doses, the average annual dose for the Desimetry Net-
work has steadily decreased over the last 4 years by an average of nearly 20
mrem per year.

It is difficult to make comparisons of D031metry Network data with other
dose estimates, as these are usually population dose estimates, weighted by
geographic location and population. For example, one report (ORP/CSD 7201,
1972) estimated the population doses for Nevada, California, and Utah to be
125, 90, and 155 mrem/y per person, respectively. The average doses for the
Dosimetry Network stations in these States are 90, 80, and 72 mrem/y, and it
is felt that this discrepancy is the result of locating the network stations
by criteria other than population density. A study conducted by the Lawrence
Livermore Laboratory (LLL) in March-June 1971 (Lindeken et al., 1972) may be
more applicable for comparison. In this study, TLD's were placed at 107
weather stations around the United States for roughly 3 months. Several of
these locations were close to Dosimetry Network stations and thus a direct
comparison. is possible. The locations monitored and the dose estimates.are
as follows: ' '

Total Ionizing Radiation Dose at Selected Locations
‘ Annual Dose Equivalent (mrem/y)

Location (LLL,1971) (EPA,1971) (EPA,1975)
. Las Vegas, Nevada 57.8 110 - 52
Ely, Nevada 109 150% 91
Elko, Nevada 110 180 (not monitored)
Bishop, California 174 150 88

#1970 value; 1971 value invalid due to check source
left in place.

Although an annual exposure based on.a 3-month exposure dose measurement
is not .directly comparable to a measured l-year exposure, the results show the
large variation in exposure rates that occur in the NTS environs. Considerable
variations may occur in different parts of the same city, as shown by the Las
Vegas results in Table 5.

The function of the Dosimetry Network is to monitor for radiation expo-
sures due to releases of radioactivity from the NTS. It is necessary to
establish an accurate baseline for each monitoring station so that net expo-
sure doses can be determined. This important function is served by the
Dosimetry Network. The ability to measure the true background exposure rate
or the average population exposure to background radiation is an added benefit
derived from the use of TLD's and is of secondary importance. -

A network of 30 stationary gamma exposure rate recorders placed at selected
air sampling locations was used to document gamma exposure rates at fixed loca-
tions (Figure 8). These recorders use a 2.5- by 30.5-cm constant-current
ionization chamber detector filled with methane, and operate on either 110 V
a.c. or on a self-contained battery pack. They have a range of 0.004 mR/h to

15



40 mR/h with an accuracy of about 10 percent. During this report period, no
increase in exposure rates attributable to NTS operations was detected by the
network of gamma rate recorders.

MILK SURVEILLANCE NETWORK

Milk is only one of the sources of dietary intake of environmental radio-
activity. However, it is a very convenient indicator of the general popula-
tion's intake of biologically significant radionuclide contaminants., For this
reason it is monitored on a routine basis. Few of the fission product radio-
nuclides become incorporated into the milk due to the selective metabolism of
the cow. However, those that are incorporated are very important frog a
radiological health standpoint. The amount transferred to milk is a very
sensitive measure of their concentrations in the environment. The six most
common fission product radionuclides which can occur in milk are 3H, 89’9°Sr,~
1311, 137¢cs, and !%0Ba. A seventh radionuclide, 40k, also occurs in milk at
a reasonably constant concentration of about 1.2x10"é pCi/ml. Since this is a
naturally occurring radionuclide, it was not included in the analytical results
summarized in this section. '

The milk surveillance networks operated by the EMSL-LV were the routine
Milk Surveillance Network (MSN) and the Standby Milk Surveillance Network (SMSN).
The MSN, during 1975 (Figure 11), consisted of 24 different locations where
3.8-1litre milk samples were collected from family cows, commercial pasteurized
milk producers, Grade A raw milk intended for pasteurization, and Grade A raw
milk for local consumption. In the event of a release of activity from the
NTS, intensive sampling would have been conducted in the affected area within
a 480-km radius of CP-1, NTS, to assess the radionuclide concentrations in
milk, the radiation doses that could result from the ingestion of the milk,
and the need for protective action. Samples are collected from milk suppliers
and producers beyond 480 km within the SMSN.

During 1975, 87 milk samples were collected from the MSN on a quarterly
collection schedule. Usually milk could not be obtained at all locatioms at
any one collection time, Cows not lactating, no one home, or no milk on the
day that field personnel arrived at the ranch were some of the reasons why
some of the samples were not collected. During the year, milk sampling points
also changed as dairies were closed, cows were sold, or cows were otherwise
unavailable for regular milkings.

The SMSN consisted of about 175 Grade A milk processing plants in all
States west of the Mississippi River. Managers of these facilities could be
requested by telephone to collect raw milk samples representing milk sheds
supplying milk to the plants. Since there were no releases of radioactivity
from the NTS or other test locations, this network was not activated except
to request one sample from each location to check the readiness and reliability
of the network. Each sample was analyzed for 34 and 89,90Sr for the purpose
of comparing the results with the results of the MSN.,

Each MSN milk sample was analyzed for gamma-emitters and 89,90gy, Samples
collected at six locations from the MSN were also analyzed for 3H. Table 3
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lists the general analytical procedures and detection limits for these
analyses.

The analytical results of milk samples collected from the MSN during 1975
are summarized in Table 6. The maximum, minimum, and average concentrations
of the 137cs, 89, 0Sr and 3H in bamples collected during the year are shown
for each sampllng 1ocatlon. Although 137Cs and %%Sr were observed in the
samples, the concentrations of these radionuclides were similar to levels
found in samples collected for the SMSN. Therefore, they were attributed to
world-wide fallout and not to NTS operations.

Shown below are the maximum, minimum, and average concentrations of 3H,
905y, and 137¢s in the area surrounding the NTS and other areas of the
‘Western United States. As indicated by this table, the concentrations of
these radionuclides for both the MSN and the SMSN are commensurate.

R -9 A
No. of Concentration (10~° uCi/ml)

Network Radionuclide Samples CMax : CMin CAvg
MSN : 137¢ 86 18 <3 <6
30sy¢ 87 8.7 <0.6 <3

3y 24 1000 <200 <400 -

SMSN 137¢g 124 20 <3 <7
30gy 33 9.2 <1 <4

3y 36 4100 <200 <700

WATER SURVEILLANCE NETWORK

Beginning January 1, 1975, the routine Water Surveillance Network (WSN)
was discontinued. Ten locations (Figure 13) near the NTS were selected from
the WSN, added to the Long-Term Hydrological Monitoring Program for the NTS,
and sampled on an annual basis.

- LONG-TERM HYDROLOGICAL MONITORING PROGRAM

During this reporting. period, EMSL-LV personnel continued the collection
and analysis of water samples from wells, springs, and spring-fed surface water
sources which are down the hydrologic gradient of the groundwater at the NTS
and at off-NTS sites of underground nuclear detonations to monitor for any
migration of test-related radionuclides through the movement of groundwater.
The water samples were collected from well heads or spring dlscharge points
wherever possible. If pumps were not available, an electrical-mechanical
water sampler capable of collecting 3-litre samples at depths to 1800 m was
used,
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Nevada Test Site

For the NTIS, attempts were made to sample 12 stations monthly and 17 sta-
tions semi-annually (Figures 12 and 13). Additionally, samples were also
collected annually from 10 locations selected from the discontinued WSN. Not
all stations could be sampled with the desired frequency because of inclement
weather conditions and inoperative pumps.

For each sampled location, samples of raw water, filtered water, and
filtered and acidified water were collected. The raw water samples were
analyzed for 3H. Portions of the filtered and acidified samples were given
radiochemical analyses by the criteria summarized in Table 7. Table 3 sum-
marizes the analytical techniques used. Each filter was also analyzed by
gamma spectromettry.

Tables 8, 9, and 10 list the analytical results for all samples collected
and analyzed during this reporting period. As in the past, H was detected in
NTS Wells C and C-1 due to tracer experlments conducted prior to the commence-
ment of this surveillance program. All 3H concentrations were below 0.01 per—-
cent of the Concentration Guide for anvoccupatlonally—exposed person.

The 226Ra and 234,235,238y gdetected in most of the water samples occur
. naturally in groundwater. The concentrations of these radionuclides for this
reporting period were similar to the concentrations reported for previous years.

Tables 8, 9, and 10 show concentrations of 90Sr, 238Pu, and 2392u which
were above their respective MDC's. These concentrations, with a two-sigma
counting error and percentage of the appropriate Concentration Guide, are as
follows:

% of

Concentration Conc.
Location Radionuclide (10=? uCi/ml) Guide
Well A 238py 0.092 * 0.024 <0.01
239%py 0.031 + 0.022 <0.01

Crystal Spring 90gy 1.1 * 1.0 0.37
Well C 90gy 2.6 * 1.4 <0.01

Since these concentrations are either below or near the three-sigma counting
error of each measurement, the concentrations are considered to be due to
statistical error.

Due to the absence of information on background levels of 3H in deep
wells, the 34 concentrations measured by the program can only be compared to
previous determinations. Such a comparison for each location indicated that
there are no significant increases in concentrations which could be the result
of 3H migration from the sites of underground nuclear detonations.
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Other Test Sites

The annual collection and radiological analysis of water samples were
continued for this program at all off-NTS sites of underground nuclear deto-
nations except for Project Cannikin on Amchitka Island, Alaska, and Project
Rio Blanco near Meeker, Colorado. The latter two sites are the responsibility
of other agencies. The project sites at which samples were collected are
Project Gnome near Carlsbad, New Mexico; Project Faultless in Central Nevada;
Project Shoal near Fallon, Nevada; Project Gasbuggy in Rio Arriba County, New
Mexico; Project Rulison near Rifle, Colorado; and Project Dribble at Tatum
Dome, Mississippi. Figures 14 through 20 identify the sampling locationms,
and Table 2 lists additional information on the location of each site and tests
performed at these locationms.

A contaminated well, Well HT-2M, at the Project Dribble site was plugged
from total depth to surface in July 1975. No contaminated fluid was released
to the environment during the plugging operation. As a result of the plugging
operation, the sample collection at all other wells at Project Dribble will be
quarterly for 1 year from July 1975, semi-annually for the second year, and
annually thereafter unless the analytical results of samples indicate more
frequent sampling is necessary.

All samples were analyzéd using the éame criteria (Table 7) as for samples
from the NTS Programs. The analytical results of all water samples collected
during CY 1975 are summarized in Table 11.

The only sample results showing radioactivity concentrations significantly
above background levels were for USGS Wells Nos. 4 and 8 near Malaga, New
Mexico. As mentioned in previous reports, these wells, which are fenced, posted,
and locked to prevent their use by unauthorized petsonnel, were contaminated by
the injection of high concentrations of .radiocactivity for a radioactive tracer
study. All surface water samples had 35 concentrations below 2. 5x10-6 pCi/mil,
a level considered from past experience to be the highest one would expect from
atmospheric fallout., All 3H concentrations in well samples were simllar to
concentratlons measured dur1ng previous years.

Several samples had concentrations of 90Sr and 239Pu above their respective
MDC. The locations, concentrations with two-sigma counting errors, and per-
.centages of the Concentration Guides for these samples are as follows:

% of

‘ Concentration Conc.
Location Radionuclide © (1079 pci/ml) Guide
. Malaga, New Mexico 30gr 1.3 ¢ 0.9 0.4
USGS Well No. 1
Malaga, Ncw Mexico 239y 0.047 % 0.040 <0.01
USGS Well No. 8
Malaga, New Mexico 23%py 0.024 + 0.023 <0.01
PHS Well No. 6 . |
Baxterville, Mississippi 23%py 0.048 * 0.019 <0.01
Well HT-1 , "
Blanco, New Mexico 90gy 1.9 + 1.1 0.6

San Juan River
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All of the preceding concentrations are less or only slightly greater than
their respective three-sigma counting errors; therefore, all the concentrations
are considered to be the result of statistical error and not necessarily true
indications of above background measurements.

WHOLE-BODY COUNTING

During 1975, the measurements of body burdens of radioactivity in selected
off-site residents were continued. The whole-body counting facility was de-
scribed previously (NERC-LV-539-31, 1974).

One hundred and clcven indivliduals from 14 locations were examined. These
locations were Pahrump, Springdale, Beatty, Moapa, Caliente, Pioche, Nyala,
Diablo; Gnldfield, Lathrop Wells, Ely, Tonopah, Twin Springs, and Spring
Meadows Farms, Nevada. When possible, all members of a'family are included.

The minimum detectable concentrations for !37Cs by whole-body counting was
5x10~°% uci/g for a ‘body weight of 70 kg and a 40-minute count. Each individual
was also given a complete hematological examination and a thyroid profile. A
urine sample was collected from each individual for 3H ana1y51s and composite
urine samples from each famlly were analyzed for 238,239p,, :

From the results of'whole-body counting, the fission product 137¢s was
detected above the detection limit in 82 individuals. The max1mum, minimum,
and average concentrations for this radionuclide were 4.3x10-8, 5.0x10'9, and
1.4x1078 yci/g body weight, respectively.

These concentrations are comparable to those found by the Los Alamos
Scientific Laboratory (LASL), Albuquerque, New Mexico. Accordlng to LASL
personnel (Smale and Umbarger, 1976), the average hody burden of 137¢s
measured in wotkers at that Laboratory was 1 nCi. Based upon the 70-kg body
weight of a standard man, this is equivalent to 1.4x1078 uci/g.

In regard to the hematological examinations and thyroid profiles, no
abnormal results were observed which could be attributed to past or present
NTS testing operations. The concentrations of 238py gnd 23%pu in all urine
samples were <3x10-10 yci/ml and <1x10-10 yci/ml, respectively. Concentra-
tions of 3H in urine samples were observed above -the MDC of the measurement;
however, the levels observed—average of 0.4x1072 uCi/ml with a range of
0. 2x10"é td 1.5x107°2 uCi/ml—were within the range of background concentrations
normally observed in surface waters or atmospheric moisture.
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DOSE ASSESSMENT

The onlg radionuclides ascribed to NTS operations detected in off-NTS
areas were }33%e (at Beatty, Diablo, Hiko, Indian Springs, and Las Vegas),
34 (at Beatty and Diablo), and 83Kr (at Beatty, Diablo, Indian Springs, and
Las Vegas) in air samples. From the analytical results of samples collected
at these locations and the dose calculations described in Appendix B, the
whole-body gamma dose equivalents (D.E.) to off-NTS residents and the 80-km
dose commitment in man-rem were calculated. The results, shown below, indi-
cate that the D.E.'s at these locations were 2.1 pyrem or less, which is

Percent of ) Dose
Total Radiation Commitment
Whole-Body Protection . Within 80 km
Location Dose (urem) Standard Population’ (man-rem)
Beatty 0.15 0.00009 500 0.000075
Diablo 2.1 0.002 5 0*
Hiko ~ 0.97 0.0006 52 0*
Indian Springs 0.34 0.0002 1670 | 0.00057
Las Vegas 0.32 0.0002 194,000 0*

Total 0.00065

*Diablo, Hiko, and Las Vegas are beyond 80 km. The dose commitments
for these locations are 0.000011 man-rem, 0.000050 man-rem, and
0.062 man-rem, respectively. ‘

0.002 percent of the Radiation Protection Standard of 170 mrem/y (Appendix A)
or 0.04-0.07 percent of the dose one could receive from cosmic radiation

(3-5 mrem) during a round-trip flight between Washington, D.C. and the West
Coast at 11,000 m above mean sea level (FRDA, 1973).

The dose commitment, which is the product of the estimated D.E. at a
given location and the exposed population, was determined as a gross measure-
ment of potential biological damage from radiation exposure, assuming that the
calculated D.E. was the average dose to the population and that the relation-
ship between dose and effects is linear. Although the maximum dose commitment
occurred at Las Vegas, the dose commitment within 80 km of NIS is reported as
required by the ERDA Manual, Chapter 0513. For comparison, the dose commitment
at Las Vegas from 1 year's éxposure to natural background radiation (about
50 mrem/y, Table 5), would be 9700 man-rem. :

Since the critical organ for persons exposed to 85kr is the skin of the
total body, the D.E.'s calculated from the 85kr concentrations were excluded
from the whole-body gamma D.E. estimates and the 80-km, man-rem dose esti-
mates. The skin D.E.'s for the four off-NTS locations, Beatty, Diablo, Indian
Springs, and Las Vegas, were all <3x10™"% percent of the Radiation Protection
Standard of 0.5 rem/y for a suitable sample of the exposed population.
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In the derivation of the Concentration Cuide for 8°Kr listed in the ERDA
Manual, Chapter 0524, the exposure to airborne 85kr is assumed to result in a
whole-body gamma dose equivalent instead of a total body skin D.E.

If one
applies this assumption to the previous D.E., estimates for Beat:tz5 Diablo,
Indian Springs, and Las Vegas (locations where above background Kr concen-

trations were detected), the 80-km dose commitment estimate would be increased
to 0.0022 man-rem, a factor of 3.4 times the first estimate. The dose commit-
ments at Diablo, Hiko, and Las Vegas (beyond 80-km of NTS) would also be in-
creased to 0.000037 man-rem, 0.00017 man-rem, ‘and 0.21 man-rem, respectively.
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Table 2.

. Name of Test,

Underground Testing Conducted Off the Nevada Test Site

- 45

4 Depth
_Operation or Yield m Purpose og e
Project Date Location (kt) (ft) the Event®
Project Gnome/ 12/10/61 48 km (30 mi) SE of 3.af 360  Multi-purpose
Coach Carlsbad, N.M. (1184) experiment.
Project Shoalb 10/26/63 45 km (28 mi) SE of 12 " 366 Nuclear test
Fallon, Nev, (1200) detection re-
search experi-
ment
Project Dribbleb 10/22/64 34 km (21 mi) SW of 5.3 823 Nuclear test
(Salmon Event) Hattiesburg, Miss. (2700) detection re-
search experi-
ment.
Opergtion Long 10/29/65 Amchitka Island, 80 '716 DOD nuclear
Shot ’ Alaska (2350) test detection
experiment.
Project Dribbleb 12/03/66 34 km (21 mi) SW of 0.38 823 Nuclear test
(Sterling Event) Hattiesburg, Miss. (2700) detection re-
search experi-
ment.,
Project Gasbuggya 12/10/67 88 km (55 mi) E of 29 1292 Joint Government-
. Farmington, N.M. ~ (4240) Industry gas
. stimulation ex-
periment.
Faultless Event® 01/19/68 Central Nevada Test 200- 914 Calibration
Area 96 km (60 mi) E 1000 (3000) test.
of Tonopah, Nev.
Project Miracle 02/02/69 34 km (21 mi) SW of Non- 823 Detonated in
Play (Diode Tube) - Hattiesburg, Miss. nuclear (2700) Salmon/Sterling
explosion cavity. Seismic
studies.
Project Rulison® 09/10/69 19 km (12 mi) SW of 40. 2568 Gas stimulation
" Rifle, Colorado (8425) experiment.
Operation Milrow® 10/02/69 Amchitka Island, 1000 1219 Calibration test.
Alaska (4000)
Project Miracle 04/19/70 34 km (21 mi) SW of Non- 823 Detonated in
Play (Humid Hattiesburg, -Miss. nuclear (2700) Salmon/Sterling
Water) explosion cavity. Seismic
studies.



Table 2. (continued)
Name of Test, d Depth
Operation or Yield™ . m Purpose °£
Project Date Location (kt) (ft) the Event®’®
Operation 11/06/71 Amchitka Island, <5000 1829 Test of war-
Cannikin Alaska (6000) head for
Spartan
-missle.
Project Rio 05/17/73 48 km (30 mi) SW of 3x30 1780 Gas stimula-
a .
Blanco Meeker, Colorado to tion experi-
2040 ment.
(5840
to
6690)

8plowshare Events

bVela Uniform Events

c

Weapons Tests

dInformation from '"Revised Nuclear Test Statistics," distributed on September 20, 1974,
by David G. Jackson, Director, Office of Information Services, U.S. Atomic Energy

Commission, Las Vegas, Nevada.

®News release AL~62-50, AEC Albuquerque Operatinns 0ffice, Albuquerque, New Mexico.
December 1, 1961 .

f

"rhe Effects of Nuciear Weapons" Rev. Ed. 1964.
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Tabie 3.

Summary of Analytical Procedures

Counting Sample
Type of Analytical Period Analytical Size Detectign
Analysis Equipment (Min) Procedures (Litre) Limit
Gamma _ a Gamma spectro- 100 min for Radionuclide 0.4-3.5 for For routine milk
Spectroscopy meter with milk, water, concentra- routine milk and water gen-
10-cm-thick Long-Term tions quan- and water erally = 1x10 8
by 10-cm-diam- Hydro. sus- titated from samples; uCi/ml for most
eter Nal (Tl- pended sol- gamma spec- 700-1050m3 common fallout
activated) ids and air trometer for air fil- radionuclides in
crystal with filters; 10 data by com- ter samples; a simple spectrum.
input to 200 min for air puter using 7.3 litre For air filters,
channels (0-2  charcoal a least for Long- = 3x10° 1% pci/ml.
MeV) of 400- cartridges. squares Term Hydro. For Long-Term
channel, pulse- technique. Water sus- Hydro. sus-
height analyzer. pended pended solids,
solids. = 3,0x10 °
pCi/mi.
89-90g,€ Low-background 50 Chemical 1.0 89gr = 2x10 %uCi/ml
thin-window, separation by 90sr =~ 1x10 %uCi/ml
‘gas-flow pro- ion exchange.
portional Separated sam-
counter with a ple counted
5.7-cm diameter successively;
window (80 ug/ activity cal-
em?). culated by
simultaneous
equations.
3¢ Automatic 200 Sample pre-  0.005  =2x10° 7 uCi/ml
liquid pared by :
scintillation distillation.
counter with ’
output printer.
3H.Enrich- Automatic 200 Sample concen- 0.25 =6x10 9 pCi/ml
ment (Long- scintillation trated by
Term Hydro- counter with electrolysis
logical output printer. followed Ly
Samples) distillation.
238,239p, Alpha spectro- 1000 - Sample is 1 238py = 4x10 !
234,235, meter with 45 1400 digested with pCi/ml
238y mm2, 300-pm acid, separ- 239Pu, 234y, 235y
depletion depth ated by ion 238y =~ 2x10° !
silicon surface exchange, uCi/ml

barricr dctectors
operated in
vacuum chambers.

electrnplated
on stainless
steel planchet
and counted by
alpha spectro-
meter.
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Table 3. (continued)
Counting Sample
Type of Analytical Period . Analytical Size Detectign
Analysis Equipment (Min) Procedures (Litre) Limit
226R,° Single channel 30 Precipitated 1.5 =1x10 10 yci/ml
analyzer with Ba, con-
coupled to verted to
P.M. tube chloride.
detector. Stored for
30 days for
222p, 226pg to
equilibrate.
Radon gas
pumped into
scintillation
cell for alpha -
scintillation
counting.
Gross alpha Low-background 50 Sample eva- 0.2 a = 3x10:9 uCi/ml
Gross. beta thin-window, porated; B = 2x10 9 yci/ml
in liquid gas-flow pro- residue
c
samples portional counted,
counter with a
5.7-cm-diameter
window (80 ug/
cm?),
Gross beta Low-level end 20 Filters 10-cm =3x107 1% uCi/ml
on air window, gas counted upon diameter -
filters flow propor- receipt and glass fiber

tional counter
with a 12,7-
cm-diameter
window (100
mg/cm?).

at 5 and 12
days after
collection;
lase tweo
counts used
to extra-
polate con-
centration
to mid-col-
laccion cime
assuming T 1.2
decay or using
expcrimentally
derived decay.

48.

filter; sam-
ple collected
from 700-

- 10%0m3,
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Table 3. (coﬂtinued)

. Counting Sample
Type of . Analytical .Period Analytical Size Detectign
Analysis Equipment (Min) Procedures (Litre) Limit
85kr Automatic 200 Physical 400~ 85¢r = 2x10712
Xe liquid scintil- separation by 1000 uCi/ml
c :
CH,3T lation counter gas chroma- ~12
. . Xe = 2x10 .
with output tography; dis- .
. f pCi/ml
printer, . solved in
. toluene "cock- CH3T = 2x10712
tail" for count- pCi/ml
ing. .

aLem, P. N. and Snelling, R. N. "Southwestern Radiological Health Laboratory Data
Analysis and Procedures Manual," SWRHL-21. Southwestern Radiological Health Laboratory,
U.S. Environmental Protection Agency, Las Vegas, NV. March 1971

bThe detection limit for all samples is defined as that radioactivity which equals
the 2-sigma counting error. )

CJohns, F. B. '"Handbook of Radiochemical Analytical Methods," EPA 680/4-75-001.
U.8. Environmental Protection Agency, NERC-LV, Las Vegas, NV. February 1975.
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for the Noble Gas and Tritium Surveillance Network

Table 4.

1975 Summary of Analytical Results

Sampling No. Days Radio- Radioactivéty ConcegtrationsC zoﬁz'
Location Sampled . nuclide Units Max Min Avg Guide?
Death 340.2 85kr 10712,ci/ml air 27 11 17 0.02
XziffYCA 340.2° Total Xe  10712uCi/ml air < 7 <4 <5 <0.01
326.0 3H'as HTO  10-%uCi/ml H,0 0.97 <0.2° <0.4 <0,01
340,2 3 as CH3T 10712yci/ml air < 3 <2 <.2
318.9 34 as HTO 10" !2yci/ml air 6.1 < 0.4 <2 } <0,01
326,0  3H as HT 10 !2yCci/ml air 9.4 < 0.4 <3
Beatty, 368.4  B85Kr 10712yci/ml air 25 11 19 0.02
NV 368.4  Total Xe 10 !2yCi/ml air < 7 <4 <5 <0.01
348.4  3H as HTO  1075uCi/ml Hy0 2.2 <0.2  <0.5 <0.01
368.4 3H as CH3T 107!2yci/ml air < 3 <2 <2
348.4 3H as HTO 10 12yci/ml air 8.4 < 0.5 < 3.1 <0.01
341.5 3H as HT 10712yci/ml air 9.3 < 0.4 <3 )
Diablo, 346,2 85kr 10712,¢4/ml air 29 11 18 0.02
nv 46,3 133%c 107124ci/ml air 25 <4 <6 <0.01
347.4 H as HTO 10 SuCi/ml H,0 2.4 < 0.2 < 0.5 <0.01
346.2 34 as CH3T 10712yci/ml air < 3 < 2 < 2
347.4 3H as HTO 10 !2yCi/ml air 22 < 0.2 <3 } <0,01
347.4 3H as HT 10712yci/ml air 8.2 < 0.4 <2
Hiko, 346.5 85Ky 107 12yci/ml air 23 10 17 0,02
N 353.4 133 10712,¢i/m1 air 20 <4 ¢y <0.01
313.6 3H as HTO 107%uCi/ml H,0 1.4 < 0.2 < 0.4 <0.01
353.4 3H as CH3T 107 12pCi/ml air < 3. <2 <2
313.6 3H as HTO 107!2yCi/ml air 11 < 0.4 <2 } <0.01
313.6 3H as HT 10712yci/ml air 6.7 < 0.3 <2
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Table 4, (continued)

Sémpling No. Days Radio- Radioactivéty Concegtration c gozi.

Location __ Sampled nuclide Units Max Min Avg Guide*

Indian  252.7  85r 10712yCi/ml air 30 9 20 0.02

Springs, 259.7 133 10712,Ci/nl air 12 <4 <5 <0.01
259.7 3H as HTO 10 ®uCi/ml H,0 1.4 < 0.2 < 0.4 <0.01
259.7 3H as CH3T 10712yci/ml air < 3 <2 <2
259.7 34 as HTO 107 !12)Ci/ml air 7.5 < 0.2 < 3 } <0.01
259.7 3H as HT 107 12uCi/ml air 6 0.42 2.5 °

Las Vegas, 361.4 85kr 10712yci/ml air 30 9.6 18 0.02

NV-NVOO  361,5 133 10712uci/ml air 11 <4 <5 <0.01
354.6  3H as HTO 10 ®uCi/ml H,0 1.2 <0.2 < 0.4 <0.01
361.4 3H as CH3T 107!2yCi/ml air < 3 - <2 <2 _
354.6 "3 as HTO 107 12uCi/ml air A <0.4 <2 } <0.01
354.6 3H as HT 10712)Ci/ml air 4.7 <0.3 <1

NTS, NV 343.2 e5kr 107 12yci/nl air 34 8.2 18 0.02

?;gg. 349,3  133%e 10712uCi/ml air 13 <4 < <0.01
341.3 34 as HTO 10 ®uCi/ml H,0 1.4 < 0.2 < 0.5 <0.01
349.3 3H as CH3T 10 !2uCi/ml air < 3 <2 <
341.3 3H as HTO 10 12uCi/ml air 6.3 < 0.4 <2 } <0.01
341.3 3H as HT 10712yci/ml air 5.4 0.23 <2

NTS, NV 328.3 85y 107 12yCi/ml air 25 12 18 0.02

Area 51 328.3 133 10712yCi/ml air 12 <4 <5 <0.01
342.2 3H as HTO 10 ®uCi/ml H,0 7.3 <0.2 < 0.6 <0.01
321.3 3H as CH3T 10 !2yuCi/ml air < 3 <2 <2
342.2 3 as HTO 10 !'2uCi/ml air 20 < 0.2 < q,} <0.01
342.2 3H as HT 107 12yci/ml air 4.5 . <0.2 <2
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Table 4. (continued)

. . Radioactivity Concentration % of
Sampl%ng No. Days Radl?- . C C C Conc.
Location Sampled nuclide Units Max Min Avg Guide*
NTS, NV 363.4 85kr 10712yci/ml air 38 9.8 19 0.02
BJY 363.4  133%e 10712,¢i/ml air 31 < <6 <0.01

363.4  3H as HTO 10 6uCi/ml H,0 3.6 < 0.3 <2 <0.01
363.4 % as CHyT 107!2yCi/ml air <3 <2 <2
363.4  3H as HTO 10 !2pCi/ml air 20 < <7 } <0.01
363.4  3H as HT 10 !2uci/ml air 9.2 <0.4 <1
NTS, NV 335.2 85kr 10 '2yci/ml air 27 12 18 - 0.02
Area 12 335.2  133%e 10712,ci/ml air 13 <4 <5 <0.01
363.2 3H as HTO 10 ®uCi/ml H,0 ~ 58 0.25 6 <0.01
342,2 3H as CH3T 10 !2yCi/ml air < 3 <2 < 2
363.2 3 as HTO 10 !2yCi/ml air 210 0.71 25 : <0.01
363.2 34 as HT 10 12,ci/ml air 25 < 0.2 <2
Tonopah, 355.4  85kr 10712yci/ml air - 24 10 17 0.02
NV 361.3 Total Xe 10‘12uCi/ml air < 9 < 4 <5 <0.0M,
1368.3 3% as HTO 10 Spci/ml 11,0 .3 €0.2 < 0.4 <0.01
361.3  OH as CH3T 10 !2uCi/ml air < 3 <2 <2 |
368.3 31 as HTO 10 !2uCi/ml air 5.6 < 0.4 <2 } <0.01
368.3  3H as HT 10 12uci/ml air 4.2 0.2 <2 |

* Concentration Guides used for NTS stations arc those applicable to exposures ta
Those used for off-NTS stationo are [or exposure to a suit-

radiation worlkers. _
able sample of the populatiou in an uncontrolled area.

Concentration Guides.

See* Appendix A for

*%Although the Indian Springs station was installed for only 9 months of the year
(April-December), the concentration average over the 9 months was assumed to be
representative of levels at that location for the entire year.
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Table 5.

1975 Summary of Radiation Doses

for the Dosimetry Network

53

Annual
Adjusted
Dose Dose
Station Measurement Equivalent Rate (mrem/d) Equivalent*
Location Period Max. Min. Avg. (mrem/ y)
Adaven, NV 1/08/75 - 1/21/76 0.36 0.32 0.34 120
Alamo, NV 1/06/75 - 1/13/76 0.25 0.23 0.24 88
Baker, CA 1/06/75 - 1/12/76 0.22 0.19 0.21 77
' Barstow, CA 1/06/75 - 1/12/76 0.25 0.23 0.25 91
Beatty, NV 1/14/75 - 1/20/76 0.31 0.26 0.28 100
Bishop, CA 1/08/75 - 1/14/76 0.24 0.21 0.24 88
Blue Eagle Rch., NV 1/07/75 - 1/22/76 0.17 0.15 0.16 58
Blue Jay, NV 1/08/75 - 1/21/76 0.33 0.27 0.31 110
Cactus Springs, NV 1/13/75 - 1/19/76 0.17 0.14 0.16 58
Caliente, NV 1/08/75 - 1/14/76 0.28 0.26 0.27 - 99
Casey's Ranch, NV 1/07/75 - 1/21/76 0.21 0.16 0.19 69
Cedar City, UT 1/13/75 - 1/21/76 0.23 0.18 0.19 69
Clark Station, NV 1/08/75 - 1/21/76 0.31 0.29 0.30 110
Coyote Summit, NV 1/06/75 - 1/20/76  0.33  0.28  0.31 110
Currant, NV 1/07/75 - 1/22/76 0.25 0.23 0.23 84
Death Valley Jct., CA 1/15/75 - 1/15/76 0.22 0.20 0.21 77
Desert Game Range, NV 1/13/75 - 1/19/76  0.16  0.12  0.13 48
Desert Oasis, NV 1/13/75 - 1/19/76 0.18 0.14 0.16 58
Diablo Maint. Sta., NV 1/09/75 - 1/20/76 0.38 0.30 0.33 120
Duckwater, NV 1/07/75 - 1/22/76 0.29 0.23 0.27 99
Elgin, NV 1/08/75 - 1/14/76 0.30 0.28 - 0.27 110
Ely, NV 1/06/75 - 1/20/76 0.27 0.23 0.25 91
Enterprise, UT 1/15/75 - 1/21/76 0.30 0.23 0.24 88
Furnace Creek, CA 1/08/75 - 1/15/76 0.19 0.17 0.18 66
Geyser Maint. Sta., NV 1/06/75 - 1/20/76 0.26 0.23 0.24 88
Goldfield, NV Al/l3/75 - 1/20/76 0.26 0.23 0.24 88
Groom Lake, NV 1/06/75 - 1/20/76 0.19 0.18 0.18 66



Table 5. (continued)
Annual -
Adjusted

Dose Dose
Station Measurement Equivalent Rate (mrem/d) Equivalent¥
Location. Period Max. Min. Avg. (mrem/y)
Hancock Summit, NV 1/06/75 - 1/20/76 0.40 0.33 0.35 130
Hiko, NV 1/06/75 - 1/13/76 0.23 0.18 0.20 73
Hot Creek Ranch, NV 1/08/75 - 1/21/76 0.25 0.21 0.20 84
Independence, CA 1/07/75 - 1/14/76 0.26 0.23 0.24 88
Indian Springs, NV 1/13/75 - 1/19/76 = 0.18 0.16 0.18 66
Kirkeby Ranch, NV 1/06/75 - 1/20/76 . 0.21 0.19 0.20 73
Koynes, NV 1/09/75 - 1/20/76 " 0.25 0,22  0.24 88
Las Vegas (McCarran), NV 1/10/75 - 1/08/76 0.13 0.11 0.12 44
Las Vegas (Placak), NV  1/10/75 - 1/08/76  0.14  0.12  0.13 48
Las Vegas (USDI), NV 1/10/75 - 1/08/76 0.17 0.15 0.16 58
Lathrop Wells, NV 1/15/75 - 1/20/76 0.27 0.23 0.24 88
Lida, NV 1/13/75 - 1/19/76 0.29 0.26 0.27 99
Lone Pine, CA 1/07/75 - 1/13/76  0.24  0.23  0.23 84
Lund, NV 1/08/75 - 1/21/76 0.22 0.21 0.21 77
Manhattau, NV 1/14/75 - 1/21/76 0.37 0.28 0.31 110
Mecequita, NV 1/13/75 - 1/19/76 0.21 0.15 0.17 62
Nevada Farms, NV 1/06/7/5 - 1/20/76 0.33 0.27 0.29 110
Nuclear Eng. Co., NV 1/15/75 - 1/20/76 0.37 0.30 0.34 120
Nyala, NV 1/07/75 - 1/21/76 0.24 0.19 0.22 80
0lancha, CA 1/07/75 - 1/13/76 0.24 0.20 0.22 80
Pahrump, NV 1/16/75 - 1/22/76 0.19 0.17 0.18 606
Pine Creek Ranch, NV 1/08/75 - 1/21/76  0.32 0.29 0.30 110
Pioche, NV 1/07/75 - 1/14/76 0.32 0.28 0.29 106
Queen City Summit, NV 1/06/75 - 1/20/76  0.36  0.30  0.34 120
Reed Ranch, NV 1/06/75 - 1/20/76 0.31 0.25 0.28 102
Ridgecrest, CA 1/07/75 - 1/13/76 0.22 0.18 0.20 73
Round Mountain, NV 1/14/75 - 1/21/76 0.32 0.26 0.29 106
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Young's Ranch, NV

* Annual adjusted dose equivalent

times 365 d.

Table 5. (continued)
Annual
Adjusted
Dose Dose
Station Measurement Equivalent Rate (mrem/d) Equivalent*
Location Period Max. Min. Avg. (mrem/y)
Scotty's Junction, NV 1/10/75 - 1/19/76 0.31 0.27 0.29 106
Selbach Ranch, NV 1/16/75 - 1/21/76 0.30 0.26 0.27 99
Sherri's Bar, NV 1/06/75 - 1/13/76 0.19 0.15 0.18 66‘
Shoshone, CA 1/15/75 - 1/15/76 Q.27 0.25 0.26 95
Spring Meadows, NV 1/16/75 - 1/21/76 6.18 0.13 0.15 55
Springdale, NV 1/14/75 - 1/21/76 0.32 0.28 0.30 110
St. George, UT 1/13/75 - 1/22/76 0.20 0.15 0.16 58
Sunnyside, NV 1/08/75‘—kl/21/76 0.25 0.18 0.22 80
Tempiute, NV 1/06/75 - 1/20/76 0.31 0.27 0.28 100
Tenneco, NV 1/16/75 - 1/21/76 0.29 0.24 0.25 91
Tonopah Test Range, NV 1/09/75 - 1/20/76 0.28 0.24 0.26 95
Tonopah, NV 1/09/75 - 1/20/76 0.31 0.25 0.28 100
. Twin Springs Ranch, NV 1/08/75 - 1/21/76 0.31 0.25 0.28 102
Warm Springs, NV 1/08/75 - 1/21/76 0.32 0.25 0.27 99
1/14/75 - 1/21/76  0.26  0.21  0.23 84

is average dose equivalent rate (mrem/d)
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Table 6. 1975 Summary of Analytical Results for

the Milk Surveillance Network

Radiocactivity Conc.
(10-? uci/ml)

Sampling Samplg No. of Radio- c c c
Location Type Samples  nuclide Max Min Avg

Bishop, CA 11 137¢s <4 <4 - <4

Sierra Creamery 1 89g, <3 <3 <3
1 30s¢r 4.3 4.3 4.3

Hinkley, CA 12 137¢s <6 <4 <5

Bill Nelson Dairy 89g, <4 <1 <2

305y 4.9 <1 <3

Keough Hot Spgs., CAb 13 2 137¢s S <4 <5

Yribarren Ranch 2 89gy <2 <1 <2

2 30sr 2.2 <2 <2

Olancha, CA 13 137¢s <4 <4 _ <4

Hunter Ranch 89gy <4 ‘ <4 <4
90gy 4.0 4,0 4,0

Olancha, CAS 13 2 + 137¢s <5 <4 <5

Riley Ranch 2 898y <2 <2 : <2
Vi 0gr 2.7 2.0 2.4

Alamo, NV 12 137¢s <8 <4 <5

AlamoADalry 89gy <4 <1 <2

30gr 4.5 <1 <3

Austin, NV 13 4 137¢s <7 <3 <6

' ’ -

Young's Ranch 4 B9gy <3 2 <2
4 30gy 5.3 2.0 2.9

4 3 1000 350 590
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Table 6. (continued)

Radioactivity Conc.
(10-2 uCi/ml)

Sampling . Samplg . No. of Radio- c c c
Location Type Samples nuclide Max Min Avg

Currant, NV : 13 4 - - 137¢g 18 <4 <10

Blue Eagle Ranch - 4 89g, <5 <2 <3

. 905y 5.2 - <l <3

Currant, NV 13 4 137¢g <8 <3 <5

Mangonle Ranch 89gy <4 <2 <2

4 90gy 2.4 <1 <2

Hiko, NV , 12 4 137¢g <8 . <4 <5

Schofield Dairy 4 89gy <4 <1 <2

4 305 2.4 <1 <2

4 3 450 <300 <400

Las Vegas, NV o 12 4 137¢cs 5 <3 <4

LDS Dairy Farms 4 89gy <3 <1 <2

4 90sr 3.8 <0.9 <2

4 3H 740 <300 <400

Lathrop Wells, NV 13 3 137¢cg <5 - <4 ' 55

Kirker Ranch 3 89gr <2 <1 ‘ <2

90gy 1.5 <0.7 <2

Lida, NV ' 13 4 137¢g <5 <3 <4

Lida Livestock Company 4 89gy <3 <1 <2

30gr 3.8 <2 <2

Logandale, NV ‘ 12 4 137¢g <7 <4 <5

Vegas Valley Dairy 4 89gy 3 <1 <2

" 90gy 4.5 <0.8 <3

57



Table 6.

(continued)
Radioagtivity Conc.
Sampling Samplg No. of Radio- C (10 ECI/ml) c

Location Type Samples nuclide Max Min Avg

Lund, NV 12 - 4 137¢s <7 <4 <5

McKenzie Dairy 4 895, <4 <2 <2
4 30sr 2.9 1.4 2.0

4 3 490 <300 <400

Mesquite, NV 12 4 137¢cs <7 <4 <5

Hughes Bros. Dairy 4 89gy <3 < <2

4 90gr 3.9 <2 <3

4 3H 360 <300 <300

Moapa, NV 12 4 137¢g <8 <4 <6

Searles Dairy 89gy <3 <2 <2
30gy 5.7 1.3 2,7

Nyala, NV 13 4 137¢s <6 <4 <5

v 3 5B

Sharp's Ranch 4 89gy <2 <1 <2

- 90gy 4,2 <U.L <

H 700 <300 <400

Pahrump, NV 13 137¢g <7 <4 <5

Burson Ranch 895, <3 <2 <2

4 30gy 2.2 <l <2

Panaca, NV 13 137¢cq <6 <4 <5

Kenneth Lee Ranch : 3 89gy % <2 <2
3 30sr 5.1 1.5 2.8

Round Mountain, NV 13 137¢g <10 <4 <7,

Berg Ranch 4 895, " <2 <2
4 905y 8.7 2.8 4.7
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‘Table 6.

(continued)

Radioactivity Conc.

(10-2 uCi/ml)

Sampling Samplg No. of Radio- C C
Location Type Samples nuclide Max Min Avg

Shoshone, NV 13 4 137¢s <4 <4 <4

Kirkeby Ranch 89g, <A a <2

90gp 5.5 <0.9 <3

Springdale, NV 13 4 137Cs <7 <4 <5

Siedentopf Ranch 89gy <4 <2 <

30gy <2 <1 <2

Cedar City, UT 12 137¢s <9 <4 <6

Western Gold Dairy 3 89gy <3 <2 <2
30sr 4.5 1.2 2.5

St. George, UT 12 137¢cs <5 <3 <4

R. Cox Dairy ' 89gy <3 <1 <2

. 90gy 4.5 <1 <2

23
12
13

bNew sampling location; the Sierra Creamery closed.

Pasteurized Milk
Raw M11lk from Grade A Producer(s)
Raw Milk from family cow(s)

“New sampling location; replaces the Hunter Ranch
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Table 7.

Gross alpha'

Gross beta

Gamma scan
3Ha

~89’9OSr

226Ra

238,239Pu

Analytical Criteria for Long~Term Hydrological Monitoring

Program Samples

Monthly
Samples

All samples
All samples
All samples
All samples

Jan. and July sam-
ples. Any other
sample if gross
beta exceeds 1 x
1078 pci/ml.

Any sample if gfoss
alpha exceeds 3 x
10 9 uci/ml.

Jan. and July sam-
ples in CY75.

Jan. and July sam-
ples in CY75.

Semi-Annual

Samples
All sampléé
All sémples

All samples
All samples

Jan., sample only.

July sample if gross
beta exceeds 1 x 10 8

pCi/ml.

Any sample if gross
alpha exceeds 3 x
10 ? uCi/ml.

Jan. sample only in
CY75.

Jan. sample only in
CY75.

Annual

Samples

All samples
All samples
All samples
All samples

All samples col-
lected at loca-
tions for the
first time with-
in CY75. Subse-
quent samples if
gross beta exceeds
1 x 10 8 yci/ml.

Any sample if gross
algha exceeds 3 x
10 2 uci/ml.

Only samples col-~
lected at loca-
tions for the first
time during CY75.

Only samples col-
lected at loca-
tinmms for the first
time during CY75.

a Starting in January 1975, all samples werc L[irat analyzed by the conventional
technique (MDCA2 x 10 7 pCi/ml) as a screening method to determiuec if u sam-
ple should be analyzed by the enrichment technique (MDCA6 % 10 2 uCi/ml).
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Table 8. 1975 Summary of Analytical Results for the NTS Monthly Long-Term
‘ Hydrological Monitoring Program

Radioactivity Conc.

- No. No.- ~=9 % of
Sampling Samples .~ Samples Radio- = 3 .10, CuCi/ml G Conc.
Location Collected” Analyzed nuclide Max Min Avg Guide
NTS 11 11 ‘ 3y <10 <6 <8 <0,01
Well 20 A-2 : 2 895y <2 <2 <2 <0.01

2 90gr - <2 <1 <1 <0.01
11 226Ra 0.32 0.031 0.12 0.03
2 234y 4.1 3.8 4,0 <0.01
2 235y 0.049 0.023 0.036 <0.01
2 238y 0.99 0.98 0.99 <0.01
2 238p, - <0.04 <0.03 <0.04 <0.01
2 239py <0.04 <0.04 <0.04 <0.01
NTS 10 10 31 <9 <6 <8 <0,01
Well 8 2 89gy <2 <2 <2 <0.01
2 90gy <10. <2 <6 <0.05
2 234y 0.52 0.35 -0.44 <0.01
2 235y <0.04 <0.02 <0.03 <0.01
2 238y 0.13 <0.07 <0.1 <0.01
2 238py <0.03 <0,02 <0.03 <0,01
2 239y <0.03 <0.02 <0.03 <0.01
NTS 6 6 3y . <9 <6 <8 . <0.01
Well J-12 1 " 89gy <2 <2 <2 <0,01
1 90gy <1 <1 <1 <0.01
1 226pa 0.27 . 0.27 0.27 <0.07
1 234y 1.1 1.1 1.1 <0.01
1 235y <0.01 <0.01 <0.01 <0.01
1 238y 0.18 0.18 0.18 <0,01
1 238py <0.06 . <0.06 . <0.06 <0.01
1 239, <0.04 <0.04 . <0.04 <0.01
NTS 5 4b 3H 10 <7 <9 <0.01
Well U3CN-5 ' 5 89gr <2 <2, <2 " <0.01
5 90gy <2 <0.8 <0.9 <0.01
5 226pa 2.4 0.78 1.8 0.5
2 234y 1.7 0.39 1.0 <0,01
2 235y 0.02 <0.02 <0.02 <0.01
2 238y 0.37 0.11 0.24 <0,01
2 238py <0.06 <0.05 <0.05 <0.01
2 239%py <0.05 <0.03 <0.04 <0.01
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Table 8. (continued)

No. No. Radi:gggivé§7 gonc. 7 of

Sampling Samples a Samples Radio- Cu 2 C Conc.
Location Collected”™ Analyzed nuclide Max Min Avg Guide
NTS ‘5 5 3y 8 <7 <8 <0.01
Well J-13 1 895y <2 <2 <2 <0,01
1 30gy <0.9 <0.9 <0.9 <0.01
1 226Ra 0.067 0.067 0.067 0.017

1 234y 1.7 1.7 1.7 <0.01

1 235y <0.02 <0.02 <0.02 <0,01

1 238y 0.22 0.22 0.22 <0.901

1 238py <0.03 <0.03 <0.03 <0.01

1 - 239y - <0.04 <0.04 <0.04 <0.01

NTS 10 10 - 3y 18 <6 <9 <0.01
Well UE 19g-s 2 89gr - <2 <2 <2 <0.01
2 30gr <2 <0.9 <1 <0.01
10 226g4 0.3 0.056 0.14 0.035

2 234y 14 9.1 12 <0,01

2 235y 0.16 0.089 0.12 <0.01

2 238y 4 2.2 3.1 <0.01

2 238py <0.03 <0.03 <0.03 <0.01

2 239py <0.07 <0.02 <0.05 <0.01

Reatty, NV 9 9 SH 14 <6 <8 <0,01
Well 118/48-1dd 2 . 89gr <2 <2 <2 <0.0L
2 gy <1 <0.9 <1 <0,01
8 226Ra 0.32 0.056 0.17 0.043

2 234y 9 9 9 <0.01

2 235y 0.086 0.081L 0.085 <0.01.

2 236y 1.8 1.7 1.8 <0.01

2 238py <0.04 <0.02 <0.03 <0.01

2 239y <0.03 <0.03 <0.03 <0.,01

NTS _ 1 1 3H <10 <10 <10

Well U 19-¢
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Table 8. (continued)

‘Radioactivity Conc.

% of

a ‘o
Samples could not be collected every month due to weather conditions or

inoperative pumps.

bSample lost in analysis.
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No. No. -9 .

Sampling Samples a Samples Radio- C 10 CuCl/ml C Conc.
Location Collected  Analyzed nuclide Max Min Avg Guide
NTS 11 10° 3H <10 < <8 <0.01
Well A 4 89gy <2 <Z <2 <0.01
4 90gy <0.9 <0.8 <0.9 <0.01

11 226Ra 0.50 0.017 0.13 0.03

2 234y 5.4 5.1 5.3 <0.01

2 233y 0.067 0.048 0.058 <0.01

2 238y 1.7 1.5 1.6 <0.01

2 238py 0.092 <0.04 <0.07 <0.01

2 239%py 0.031 <0.03 <0.03 <0.01

NTS 11 11 3 150 40 90 <0.01
Well C - : 10 83gy <3 o<1 <2 . <0.01
10 90gy 3 o<1 <1 . . <0.01

12 226Ra 1.3 0.062 0.83 0.2

2 234y 9.2 8.7 9 <0.01

2 235y 0.10 0.099 0.01 <0.01

2 238y 2.6 2.4 2.5 <0.01

2 238py <0.05 <0.03 <0.04 <0.01

2 239py, <0.08 <0.03 . <0.05 <0.01

NTS 11 11 3y 15 <6 <9 <0,01
Well 5C 3 . 89y <3 <1 <2 <0.01
3 90gy <1 <0.9 <1 <0.01

11 226R4 0.29 0.061 0.14 0.035

2 234y 5.4 2.4 3.9 <0.01

2 235y 0.093 <0.08 <0.09 <0.01

2 238y 2.7 1.2 2 <0,01

2 238py <0.05 <0.04 <0.04 <0.01

2 239py <0.05 <0.04 <0.04 <0.01

NTS 9 gP 3y 18 <7 <10 < 0,01
Well Army No. 1 3 89gy <1l <1 <l <0.01
. 3 90gy <2 . <1 <2 <0.02
8 226R, 0.59 0.0094 0.30 0.075

2 234y 2.4 2.4 2.4 <0.01

2 235y 0.031 <0.02 <0.03 <0.01

2 238y 0.78 0.72 0.75 <0.01

2 238py <0.03 <0.03 <0,03 <0.01

9 239p, <0.06 <0,02 . <0.04 <0.01



Table 9.

1975 Summary of Analytical Results

for the NTS Semi-Annual Long-Term Hydrological Monitoring Program

239p,

64

Radioactivity % of
" Sampling Sample Radio- Conc. Conc.,
Location Date Type nuclide  (10~2 uCi/ml) Guide
NTS 1/15 23 34 <7 <0.01
Well UE 15d 89gp <2 <0.01
90gy <2 <0.01
226R4 1.5 0.4
234y 4.7 <0.01
235y 0.026 <0.01
238y 1.2 <0.01
238py <0.05 <0.01
239py <0.04 <0.01
NTS 7/08 23 3u <7 <0.01 -
Well UE 15d 895y <1 <0.01
90gy <0,9 <0.01
NTS 1/14 23 3H <9 <0.01
Well 2 895y <1 <0.01
90gy <0.08 <0.01
226pg 0.21 0.05
234y 1.7 <0.01
235y <0.01 <0.01
238y 0.34 <0. 01
238p,, <0.04 <0.01
239py . <0.04 <0.01
NTS 7/08 23 i 8.3 <0.0UL-
Well 2 "
NTS 1/14 23 34 70 <0.01 -
Well C-1 095y <1 <0.01
90gy <0.8 <0.01
226pg 0.067 0.02 .
234y 7.7 <0.01
235y 0.23 <0.01
238y 2 <0.01
238py <0.04 <0.01
<0.03 <0.01



Table 9. (continued)

, Radioactivity % of
Sampling Sample Radio- Conc. Conc.
Location - Date Type? ©  nuclide (102 uCi/ml) . Guide
NTS 7/08 23 34 51 <0.01
Well C-1 : ' 89gr <1 <0.01

905y <1 <0.01

NTS 1/14¢ 23 34 <8 <0.01
Well UE 5c¢ 895y <1 <0.01
gy <0.9 " <0.01

226Ra 0.36 0.09

234y 3.4 <0.01

235y 0.056 <0.01

238y 1.6 <0.01

238py <0.03 <0.01

239py <0.01 <0.01

NTS. 1/15 23 3y <8 . - <0.01
Well 5B 89gy <3 <0.01
‘ 05y T <2 <0.01

2264 ‘ 0.10 0.03

234y 2.7 <0.01

235y 0.091 <0.01

238y 1.8 <0.01

238py <0.06 <0.01

23%py <0.04 <0.01

NTS 7/09 23 34 10 <0.01
Well 5B 89gyr <1l <0.01
90gy <0.9 <0.01

NTS 1/14 23 31 <8 : <0.01
Watertown No. 3 89y <1 <0.01
ELS <0.9 <0.01

234y 1.4 <0.01

235y 0.024 - <0,01

238y 0.52 <0.01

238py <0.04 <0.01

239y, <0.04 <0.01
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Table 9. (continued)

Radioactivity % of
Sampling Samplg Radio- Conc. Conc.
Location Date Type™ nuclide (10~2 uCi/ml) Guide
NTS - 7/08 23 34 <7 <0.01
Watertown No. 3 ‘
Ash Meadows, NV 1/22 - 27 3H <8 <0.01
Crystal Pool 89gy <2 <0.07
' 90gy <1 <0.3
226R, 0.22 0.7
234y 11 0.04
235y 0.23 <0.01
238y 4.5 0.01
238py <0.04 <0.01
239py <0.04 <0.01
Ash Meadows, NV 7/15 27 31 <8 <0.01
Crystal Pool ‘ 89gr <1 <0.03
05y <0.9 <0.3 .
Ash Meadows, NV 1/22 23 | <8 <0.01
Well. 17S/50E-14CAC . 89gy <2 <0.07
90gy <2 <0.4
220Ra v.089 0.3
234y 2.4 <0.01
235y 0.033 <0.01
238y 0,89 <0.01
’23817;1 <0.03 , <0.01
239y T <U.04 <0.01
Ash Meadows, NV 7/15 23 3 1i <N.01
Well 17S/50E-14CAC 226R5 © o 0.47 2
Ash Meadows, NV 1/22 27 3H <9 ' <0.01
Fairbanks Springs 09gy <2 <0.07
90g,- <1 <0.3
226Ra 0.44 2
234y 2.2 <0.01
235y 0.029 <0.01
238y 0.89 <0,01
238py <0.03 <0.01
239%py <0.03 <0.01
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Table 9. (continued)

. Radioactivity % of
Sampling . : ‘ Samplg‘ Radio- Conc. Conc.
Location Date Type nuclide (1079 uCi/ml) Guide
Ash Meadows, NV 7/15 27 3 <8  <0.01
Fairbanks Springs :
Beatty, NV 1/21 23 31 7 <0.01
City Supply - 83gy <2 <0.07
' . 30gy <1 -<0.3
226Ra 0.16 . 0.5
234y 8.2 0.3
235y . 0.18 - <0.01
238y 2.6 <0.01
238py <0.04 <0.01
239py <0.02 <0.01
Beatty, NV 7/15 23 S <7 / <0.01
City Supply ‘ 89gsr . <2 <0.05
905y <0.8 <0.3
226Rq 0.13 0.43
Beatty, NV 1/21 23 3 <7 <0.01
Nuclear 89gy <2 <0.07
Engineering Co. : 30gy <1 <0.3
? - .226py 0.078 0.3
234y 6.1 0.02
235y 0.95 <0.01
238y 2.3 <0.01
238py <0.04 <0.01
239py <0,03. <0.01
Beatty, NV 7/14 23 3y <8 <0.01
Nuclear 226Ra 0.033 0.1
Engineering Co. ’
Indian Springs, NV  1/23 23 3 11 <0.01
USAF. No. 1 . 89gy <7 <0.2
90gy <1 <0.3
. 226p, 0.22 0.7
234y 4.2 0.01
235y 0.034 <0.01
238y 0.75 <0.01
238py <0.04 <0.01
239py <0.04 <0.01
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Table 9. (continued)
Radioactivity % of
Sampling Samplg Radio- ~ Conc. Conc.
Location Date Type nuclide (1072 uCi/ml) GuideP
Indian Springs, NV  7/14 23 3 35 - <0.01
USAF No. 1 226pa’ 0.23 0.8
Indian Springs, NV 1/23 23 34 <7 .<0.01
Sewer Co. Inc. 895y <2 <0.07
Well No. 1 30gy <1 <0.3
226pa 0.095 0.32
234y 3.4 0.01
235y, 0.021 <0.01
238y 0.73 <0.01
238py <0.04 <0.01
239y ¢ <0.02 <0.01
Indian Springs, NV 7/14 23 EJ: S <40 <0.01
Sewer Co. Inc. 226Ra 0.072 0.2
Well No. 1
Lathrop Wells, NV 1/22 23 “3g <8 <0.01
City Jupply 89gy <l. <0.03
gy <1 <0.3
234y 1.1 <0.01.
2335 <0.01 <0.01
238y 0.44 <0.01
238p,, <0.03 <0.01
233%py <0.03 <0.01
Lathrop Wells, NV 7/14 23. 3 <7 <0.01
City Supply 226pa 4.6 15
Springdale, NV 1/21 27 3u <8 <0.01
Gosa Springs 89y <2 <0.07
90gy <1 <0.3
226p,4 - 0.15 0.5
234y 3.6 0.01 .
235y 0.057 <0.01
238y 1.1 <0.01
238p " '<0.03 <0.01
239py <0.03 <0.01

- 68



Table 9. (continued)

. - Radioactivity % of
Sampling - Sample Radio- - Conc. Conc.,.
Location Date "Type nuclide (10~° uCi/ml) Guide
Springdale, NV . 7/14 27 3y <7 <0.01
Goss Springs ' '
Springdale, NV S 1/21 0 23 3H <6 <0.01
Road D Windmill 89gy <2 - <0.07
. 905, <2 <0.4
234y 1.9 <0.01
235y 0.062 <0.01
238y 1.1 <0.01
238py <0.04 <0.01
239py <0.03 <0.01
Springdale, NV 7/14 23 31 <7 <0.01
Road D Windmill A
Shoshone, CA _1/22 27 3y <8 <0.01
Shoshone Spring 89sr <1 <0.03
‘ 305y <1 <0.3
226Ra 0.17 0.6
234y 3.3 1 0.01
235y 0.041 . <0.01
238y 1.2 <0.01
238py <0.05 <0.01
239py <0.06 <0.01
Shoshone, CA 7/15 27 3y <8 <0.01
Shoshone Spring 839gy <1 <0.03

0gy <0.9 <0.3

323 - Well
27 - Spring

bAll on-NTS percentages arc for radiation workers. All off-NTS percentages are
for an individual in an uncontrolled area. ‘

COnly one sample was collected during the year due to an inoperative pump.
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Table 10. 1975 Summary of Analytical Results
for the NTS Annual Long Term Hydrological Monitoring Program

_ Radioactivity 7% of
Sampling Samplg Radio- . Conc. Conc.
Location Date Type nuclide (10~2 uCi/m1) Guide
Hiko, NV 8/25 27 3H 300 0.01
Crystal Springs 89gr <2 <0.06
0gy 1.1 0.4
226R4. 0.79 2.6
234y 4.3 0.01
235y 0.059 © <0.01
238y 1.3 ' <0.01
238py <0,03 <0.01
23%u <0.04 <0.01
Alamo, NV 8/25 23 31 17. <0.01
" City Supply 89gr <2 - <0.05
0gy <1 <0.3
234y 3.6 0.01
235y 0.016 <0.01
238y 1.8 <0.01
238py <0.03 ' <0.01
239py <0,02 <0.01 -
Warm Springs, NV 8/25 27 3y <8 <0.0N1
Iwin Springs Ranch . .89y <2 <0.05
ey . <0,9 ‘ <0.3
226pa . 0.22 0.7
234y 4.6 0.02
235y 0.087 <0.01
238y 1.8 <0.01
238py <0.04 <0.01
239, <0.03 <0.01
Diahlo, NV 8/25 23 34 10 <0.01
Highway Maint. . 89gy <2 <0.05
Station 05y <1 <0.3
234y 1.7 <0,01
235y 0.034 <0.01
238y 0.78 . <0.01
238py © <0,04 <0.01
239%y- <0.04 <0.01
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Table 10.. (continued)

Radioactivity % of

Sampling Samplg Radio- Conc. Conc.
Location : Date Type nuclide (1072 uCi/ml) Guide
Nyala, NV 9/03 23 3y 22 <0.01
Sharp Ranch - ‘ 89gy <1 <0.04
90gy <2 <0,7

234y 1.9 <0.01

235y 0.02 <0.01

238y 0.6 <0.01

238py <0.903 <0.01

: 239y <N.03 <0.01
Adaven, NV ' 8/26 27 34 130 <0.01
Adaven Spring 89gr ' <2 <0,96
9081’ <]l <0.4
226p, <005 <0,2

234y 3.3 0.01

235y 0.087 <0.01

- 238y 1.2 <0.01

238py . <0.03 <0.01

239py <0.02 <0.01

Pahrump, NV 8/27 23 34 16 <0.01
Calvada Well No. 3 835y <2 <0, 05
: 905y <1 <0.3
226Ra 0.31 1.0

234y 6.9 0.02

235y 0.15 <0,01"

238y 2.2 <0.01

238py <0.03 <0.01

239y <N,02 <0.01

Tonopah, NV 8/27 23 3y 10 <0.01
City Supply 89gr - <2 <0).06
905y <1 <0.4

234y 2.9 . <0.01

235y 0.088 C<0.01

238y 1.1 <0.01

238py <(),05 <0.01

23%py <0,03 . <0.01
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Table 10. (continued)
: Radioactivity % of
Sampling . Samplg Radio- . Conc. Conc.
Location Date - Type nuclide (10‘9 pCi/ml) Guide
Clark Station, NV 8/27 23 ;. 12 <0.01
Tonopah Test Range 89gr <2 <0,06
Well No. 6 gy <1 <0.4
234y 3.4 0.01
235y 0.062 <0.01
238y 1.9 <0.01
238py <0,03 <0.01
23%py <0.02 <0.01

Las Vegas, NV 8/27 . 23 3 16 <0.01

Well No. 28 89gr <2 <0.07

90gy <2 <0.5

234y 2.1 <0.01
235y 0.032 <0.01
238y 0.61 <0.01
238py <0.03 <0.01
239py <0.04 <0.01

423 - Well

27 - Spring
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Table 11. 1975 Summary of Analytical Results

for the Off-NTS Long~Term Hydrological Monitoring Program

' “Radioactivity 4 of
Sampling Sample Depth Radio- - Conc. Conc.
Location Date  Type® (Metresa) nuclide (10-° uCi/ml) Guide
PROJECT GNOME
Malaga, NM 3/23 23 161 3y <8 <0.01
USGS Well No. 89gy <2 <0.07.
90gy 1.3 0.4
§26R, 6 20
234y 5.5 0.02
235y 0.055 <0.01
238y 1.8 <0.01
238py <0.6 <0.01
239py <2 <0.04
Malaga, NM 3/23 23 148 3y 960,000 30
USGS Well No. ' 89gy <1,800 <60
0gy 11,000 4000
226pa 0.13 0.4
234y 2.9 <0.01
235y . 0,055 <0.01
238y 0.74 <0,01
238py <0.6 <0.01
239py <2 <0.05
Malaga, NM 3/23 23 144 38 1,200,000 40
USGS Well No. 89gy . <900 <30
90gy 11,000 4000
137¢g <20 <n.1
226Ra 1.6 5
234y 2.7 <0.01
235y <0.1 <0,01
238y 0.88 <0.01
238py <0.05 <0.01
239py 0.047 <0.01
Malaga, NM 3/22 23 3K <200 <0.01
PHS Well No. 6 89gr <2 0,05
- 0gy <0.9 - <0.3
234y 1.2 <0.01
235y 0.045 <0.01
238y 0.99 <0.01
238py <0.04 - <0.01
239%py 0.024 <0,01
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Table 11. (continued)

Radioactivity % of

Sampling ) Sampl% Depth Radio- Conc. Conc.

Location Date Type (Metres?) nuclide (1072 uCi/ml) Guide

Malaga, NM 3/22 23 31 <8 <0.01

PHS Well No. 8 ‘ 89gy <3 <0.09
90gy <0.9 <0.3

234y 3.9 0.01

235y 0.092 <0.0L

238y 1.8 <0.01

238py <0.5 <0.,01

239py <0.9 <0.02

Malaga, NM - 3/22 23 3 <8 <0,01
PHS Well No. 9 83gy <3 <0.1
. i 90gy <0.9 <0.3

234y 1.4 <0,01

235y 0.046 <0,01

238y 0.62 <0.01

238py, <0.03 <0.01

239y <0.04 © <0.01

Malaga, NM 3/22 23 3u <8 <0.01
PHS Well No. 10 895y <2 <0,07
90gy <0.7 <0,2

234y 9.6 0.03

235y 0.079 <0.01

238y 1.5 <0.01

238py <0, <0,01

239y . <1 <0.02

Malaga, NM 3/21 23 3y <7 <0.01
City Water 89gy <2 <0.06
0gy <0.9 <0.3

234y 0.04 <0.01

235y <0.01 <0.01

238y 0.056 <0,01

238py <0, 04 <0,01

239y <0,04 <0,01
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Table li. (continued)

. ' Radioactivity 7% of
Sampling . Sample Depth Radio- Conc. Conc.
Location Date Type (Metresa) nuclide (10’9 uCi/ml) Guide
Malaga, NM 3/21 23 3 <9 <0.01
Pecos River 89gyr <2 <0.05
Pumping Station 90gr <0.8 <0.3
Well No. 1 234y 4.2 0.01
235y 0.054 <0.01
238y 1.3 <0.01
238py <0.04 <0.01
239py <0.05 <0.01
Loving, NM 3/21 23 3y <8 <0.01
City Well No. 2 89y <2 <0.05
0gy <0.9 <0.3
234y 1.8 <0.01
235y 0.032 <0.01
238y 0.63 <0.01
238py <0.05 <0.01
239p, .<0.03 . <0,01
Carlsbad, NM ° 3/21 23 3 <8 <0.01
City Well No. 7 89y <1 <0.05
90gy <0.7 - <0.2
234y 0.65 <0.01
235y <0.01 <0.01
238y 0.3 <0.01
238py <0.04 <0.01
239py <0.03 <0.01
PROJECT SHOAL
Frenchman, NV 2/21 23 34 <10 <0.01
Well H-3 83gy <6 <0.2
9031. <4 <2
, 23y 0.8 <0.01
235y 0.022 <0.01
238y 0.66 <0.01
238py <0.03 <0.01
233p, <0.04 <0.01
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Table 11. (continued)

!

: Radioactivity % of
Sampling Samplg : Radio- Conc. Conc.
Location Date Type nuclide . . (10-2 uCi/ml) Guide
Frenchman, NV 2/20 23 3u <9 <0.01
Flowing Well ’ 89gy <5 <0.2
’ 9OSr <4 <1
iiﬁRa 0.26 0.9
235U 0.36 <0.01
ooy <0.02 <0.01
2350 0.23 <0.01
s~ Tu <0.2 <0.01
239py <0.09 <0.01
Frenchman, NV 2/20 . 23 : 34 <8 - <0.01
Hunts Station 69g¢ <6 ' <0.2
) 90gy <4 <1
234y 0.73 <0.01
235y : 0.035 <0.01
238y 0.41 <0.01
238py . <0.05 <0.01
239py <0.02 <0.01
Frenchman, NV - 2/19 23 3y <7 © - <0.01
Frenchman Station ' 8Ygy <6 <0.2
90gy <4 <i
226pa 0.17 0.6
234y 23 n.08
233y ; N.55 . <0.01
238y 11 ' 0.0%
238py . <0.05. <0.01
239pn © <0.05. <0.01
Frenchman, NV 2/19 23 3u <7 <U.01
Well I18-1 89gr <6 <0.2
90gy <4 <2
2265, ©0.067 . 0.2
234y 3.3 ‘ " 0.uL
235y . 0.098 <0,01
238U 2.2 <0.01
238p,, <0.04. <0.01
239p, <0.02 <0.01
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". Table 11. (continued)

, Radioactivity Z of
Sampling . ‘Sample . Depth Radio- Conc. Conc.
Location Date Type® (Metres®) nuclide (10~° uCi/ml)  Guide
PROJECT DRIBBLE
Baxterville, MS
City Supply 7/18 23 34 38 <0.01
' ' 895y <1 <0.05
20gy <0.9 <0.3
234y 0.034 <0.01
235y <0.01 <0.01
238y <0.03 <0.01
238py <0.03 <0.01
239py © <0.02 <0.01
10/17 23 34 .93 <0.01
Baxterville, MS 7/21 - 22 31 110 <0.01
Lower Little 895y <2 <0.06
Creek 90gy <1 <0.3
234y 0.032 <0.01
235y <0.009 <0.,01
238y 0.03 <0.01
238py <0.03 <0.01
239%py <0.04 <0.01
10/19 22 3H 130 <0.01
Baxterville, MS 7/03 23 399 31 <6 <0.01
Well HT-1
- 7/20 23 358 3y 8.6 <0.01
: 895y <2 <0.05
90gy <1 <0.4
226Ra 15 0.5 .
234y 17 0.06
235y . 1.1 <0.01
238y 29 0.07
238py <0.03 <0.01
239py 0.048 <0.01
10/15 . 23 389 38 74 <0.01
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Table 11.: (continued)

Radioactivity

. Z of
Sampling Sampl Depth a. Radio- Conc. Conc.
Location Date Type (Metres™) nuclide (1072 uCi/ml) Guide
Baxterville, MS 7/03 23 108 3y 15 <0.01
Well HT-2c ’ ’
7/20 23 108 3 29 <0.01
89gy <2 <0.05
90gy <1 <0.3
234y 0.045 <0.01
23%y <0.009 <0.01
238y 0.025 <0.01.
238py <0.03 <0.01
239%py <0.02 <0.01
10/18 23 108 3y 35 <0.01
Baxterville, MS 7/02 23 122 3 16 <0.01
Well HT-4
7/20 23 122 3y 9.3 <0.01
89gy <2 <0.05
Mg, <l <0.3
234y 0.032 <0.01
235y <0.01 <0.01
238y <0.01 <0.01
238py <0, 04 <0.01
289%py <0,02 «0Q,01
10/18 23 122 M- 20 <0.01
Baxterville, MS 7/02 23 183" 34 8.3 <0.01
Well HT-5 .
7/20 23 183 34 24 <0.0L
: 89gy <2 «0.06
- 90gy <1 <0.4
234y 0.027 <0.01
235y, 0.02 <0.01
238y <0.03 <0.01
238py <0.04 <0.01
239y <0.03 <0.01
10/18 23 183 3y 12 <0.01
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.Table 11. (continued)
_ Radioactivity 7% of
Sampling Sample Depth Radio~ Conc. Conc.
Location . Date Iypec (Metresa) ~_nuclide (10~° uCi/ml) Guide
Baxterville, MS - 7/03 23 282 34 <7 <0.01
Well E-7 :

7/20 23 282 3y <8 <0.01
89gy <1. <0.04
90gy <0.9 <0.3

234y <0.02 <0.01
235y <0.01 <0.01
238y 0.017 <0.01
238py <0.03 <0.01
233%py <0.02 <0.01
10/18 23 282 3 <7 <0.01
Baxterville, MS 7/19 23 638 3u 18 <0.01
Well Ascot No. 895y <2 <0.05
05y <0.8 <0.3-
234y 0.026 <0.01
235y <0.01 <0.01
238y 0.017 <0.01
238py <0.03 <0.01
239%py <0.02 <0.01
10/15 23 651 3y 20 <0.01
89gy <3 <0.1
90gy <2 <0.5
Baxterville, MS 7/01 22 3y 90 <0.01
Half Moon Creek

7/19 22 3H 67 0.01
895y <2 <0.05
90gy <1 <0.3

234y <0.02 <0,01
235y <0.01 <0.01
238y <0.02 <0,01
238py <0.04 <0.01
239py <0.04 <0.01
10/19 22 3 64 <0.01
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(continued)

Table 11.
Radioactivity 7% of
Sampling Sample Depth Radio- Conc. Conc.
Location Date Typec (Metresa) nuclide (107° uCi/ml) Guide
Baxterville, MS 7/02 22 34 480 0.02
Half Moon ' .
Creek Overflow
7/19 22 3 2200 0.07
895y <2 <0.05
90gy <2 <0.4
234y <0.02 <0.01
235y <0.01 <0.01
238y <0.02 <0.01
238py <0.04 <0.01
23%py <0.02 '<0.01
10/19 22 31 © 380 0.01
Baxterville, MS 7/01 23 3 110 <0.01
T. Speights
Residence
7/18 23 34 48 <0.01
89gy <2 <0.06
0y, <1 0.4
234y 0.048 <0.01
2335 <0.01 <0.01
238y 0.036 <0. 0.
238py <0, 02 <0.01
283py <0.03 <0.01
10/20 23 3H 96 <0.01
Baxterville, MS 7/01 23 " .58 <0.01
R. L. Anderson
Recidence
7/21 23 34 93 <0.01
89gy <2 <0.06
90gy <1 <0.4
226R4 0.53 2.
- 234g 0.044 <0.01.
2355 <0.01 <0.01
238y <0.01 <0.01
238py <0.03 <0.01
23%py <0.02 <0.01
10/20 31 74 <0.01

23
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Table 11. (continued)
Radioactivity 7% of
Sampling Sampl% Depth a Radio- Conc. Conc.
Location Date Type (Metres”) nuclide (107°% ucCi/ml) Guide
Baxterville, MS 7/22 23 38 220 <0.01
Mark Lowe Residence - 89gy <2 <0.05
90gy <0.8 <0.3
234y <0.01 . <0.01
235y <0.007 <0.01
238y 0.012 <0.01
238py <0.04 <0.01
239py <0.03 <0.01
10/17 23 34 160 <0.01
Baxterville, MS 7/22 23 31 64 <0.01
R. Ready Residence 89gr <2 <0.05
90gyr <1 <0.3
234y 0.034 <0.01
235y <0.02 <0.01
238U <0.03 <0.01
238py <0.01 <0.01
239y <0.01 <0.01
10/20 23 3 64 <0.01
Baxterville, MS 7/01 23 34 130 <0.01
W. Daniels, Jr.
Residence
7/22 23 3 80 <0.01
89gy <2 <0,06
90gy <1 <0.3
234y 0.029 <0.01
235y <0.01 <0.01
238y 0.031 <0.01
238py <0.04- <0.01
239py <0.03 <0.01
10/17 23 31 80 <0.01
Lumberton, MS 7/21 23 3H <7 <0.01
City Supply 89sr <2 <0.06
Well No. 2 - 90gy <1 <0.4
234y <0.02 <0.01
235y <0.02 <0.01
238y <0.02 <0.01
238py <0.04 <0.01
239%py <0.03 <0,01

81



‘Table 11. (continued)
Radioactivity 7% of
Sampling Sample Depth a Radio- Conc. Conc.
Location Date Typec (Metres ) nuclide (10~9 uCi/ml) Guide
Lumberton, MS 10/20 23 3H <6 <0.01
City Supply :
Well No. 2
(continued)
Purvis, MS- 7/18 23 31 <8 <0.01
City Supply 89gy <1 <0.04
90gy <0.9 <0.3
234y <0,02 <0,01
235y <0.008 <0.01
238y <0.01 <0.01
238py <0.03 <0,01
239y <0.02 <0.01
10/17 23 3y 14 <0.01
Columbia, MS 7/22 23 34 Lost Sample
City Supply 89g, <1 <0.05
0gy <0.9 <0.3
234y 0.027 <0.01
235y <0,007 <0.01
238y 0.02Y <0.01
238py <0.04 <0.01
239py <0.04 . <0.01
10/17 23 Sy a5 <0,01,
Lumberton, MS 7/21 23 3H <7 <0.01
North Lumberton 89gr <2 <0.05
City Supply 30gy <1 <0.3
234y <0.02 <0.01
235y <0.01 - <0.01
238y 0.018 <0.01°
238py <0.03 <0.01
23%py <0.02 <0.01
10/17 23 34 <7 <0,01
Baxterville, MS 7/02 21 3 Lost Sample

Pond W of Gz
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Table 11, (continued)
Radioactivity % of
Sampling Sample Depth Radio- Conc. Conc.
Location Date Type9 (Metresa) nuclide (102 uCi/ml) Guide
Baxterville, MS 7/22 21 34 120 <0.01
Pond W of GZ o 89gy <1 <0.05
(continued) 905y <0.8 <0.3
234y 0.023 <0.01
235y <0.01 <0.01
238y 0.019 <0.01
238py <0.04 <0.01
23%py <0.03 <0.01
10/19 21 3y 61 <0.01
PROJECT GASBUGGY
Gobernador, NM 5/25 27 3y <10 <0.01
Arnold Ranch 895 <2 <0.07
90gy <0.9 <0.3
234y 2.3 <0.01
235y 0.052 <0.01
238y 1.0 <0.01
238py, <0.2 <0.01
239y <0.1 <0.01
Gobernador, NM 5/25 23 3y <8 - <0.01
Lower Burro - 89gp <2 <0.07
Canyon 905y <1 <0.3
234y 0.12 <0.01
235y <0.01 <0.01
238y <0.01 <0.01
238py <0.1 <0.01
23%py <0.06 <0.01
Gobernador, NM 5/24 23 3y 13 <0.01
Fred Bixler 895y <2 <0.06
Ranch 90gr «0.9 <0.3
234y 0.27 <0.01
2335y <0.02 <0.01
238y 0.055 <0.01
238py <0.04 <0.01
239y <0.03 <0.01
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Table 1l. (continued)
Radioactivity 7% of
Sampling Sample Depth a Radio- Conc. Conc.
" Location Date Type® (Metres®) nuclide (1072 uCi/ml) Guide
Blanco, NM '5/26 22 35 510 0.02
San .Juan River : 89gy <2 <0.08
905y 1.9 0.6
234y 0.50 0.02
235y 0.018 <0.01
238y 0.30 <0.01
238py <0.03 <0.01
239Pu <Q!Q4 <0,01
Gobernador, NM 5/25 27 3H 9.3 <0,01
Cave Springs 89gy <1 <0.04
: 305y <0.9 <0.3"
226R, 0.16 0.5
234y 3.1 u.ul
235y 0.13 <0.01
238y 2.0 <0.01
238py <0.03 <0.01
239py <0.05 <0.01
Gobernador, NM 5/24 23 35 ] <0.01
Windmill No. 2 89gr <2 <0.06
305y <0.9 <0.3
234y 0.38 <0.01
235y <0.009 <0.01
23Ky 0.164 «0.01
238py, <0.2 <0.01
23%y <0.2 <0.01
Gobernador, NM 5/24 27 3 <10 <0, 01
Buhhling Springs 89gy. T <2 <0.06
905y <0.9 <0.3.
226p, 0.75 0.3
234y 3.1 0.01
235y 0.065 <0.01
238y 1.6 <0.01
238py <0.03 <0.01
239py © <0.02 <0.01



- Table 11. '(continued)

: ‘ Radioactivity % of
Sampling Sample Depth Radio- Conc. Conc.
Location Date Typec (Metresa)- nuelide (102 uCi/ml) Guide
Dulce, NM '5/24 21 3H 260 <0.01
City Water 89g, <1 <0.04
gy . ' <0.8 <0.3

234y 0.28 <0.01

235y <0.01 <0.01

238y 0.15 <0.01

238py <0.03 <0.01

239%py <0.02 . <0.01

Dulce, NM 5/24 21 3H 280 <0.01

La Jara Lake 895y <2 <0.06
90gy <0.9 <0.3

234y 0.91 <0.01

235y 0.03 <0.01

238y 0.59 <0.01

238py, - <0.09 <0.01

239py <0.05 <0.01

Gobernador, NM 5/26 23 1097 3H 13 . <0.01

EPNG Well 10-36 89gy <0.9 <0.03
90gy . <0.8 <0.3

226pa 0.25 0.8

234y 0.042 <0.01

235y <0.007 <0.01

238y 0.027 <0.01

238py <2 <0.05

239%py . <6 <0.1

PROJECT RULISON

Rulison, CO 5/21 23 3H 350 0.01

Lee L. Hayward 89gy <2 <0.06
Ranch 90g, <0.8 <0.3
2264 <0.05 <0.2

234y 8.1 0.03

235y 0.14 <0.01

238y 3.9 <0.01

238p, <0.04 <0.01

. 239py <0.03 <0.01
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Table 11. (continued)

‘ Radioactivity % of

Sampling ‘Samplg Depth a Radio-~ , Conc. Conc.
Location Date Type (Metres ) nuclide (10~° uCi/ml) Guide
Rulison, CO 5/22 23 3 380 0.01
Glen Schwab : 895y . . <2 : <0.08
Ranch : 305y <1 <0.4
226p, 0.13 0.4

234y 12 0.04

235y . 0.25 <0.01

238y 6 0.02

238py <0.03 <0.01

239y, <0.02 <0.01

Grand Valley, CO 5/21 23 38 . 510 0.02
Albert Gardner 83gy <2 ' <0.07
Ranch 90gy . <1 <0.3
: 234y 2.4 <0.01

235y ' 0.056 <0.01

238y 1.1 <0.01

238py <0.03 <0.01

239py <0.02 ~ <0.01

Grand Valley, CO 5/22 27 ; 3y 130 <0.01
City Water 89gr <2 - <0.07
Supply 30gy <l ' <0.3

234y 2.5 <0.01

235y 0,059 <0.01

238y 0.92 <0.01

73Hpy <n.03 <N.01

23%py <0.04 <0.01

Grand Valley, CO 5/21 27 3u 480 0.02

Spring 300 Yds. 89gr <2 <0.05
NW of GZ . 0g, <0.9 <0.3
234y 1.3 <0.01

233y 0.037 <0.01

238y 0.66 <0.01

230py <0.03 <0.01

239py <0.04 . <0.01
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(continued)

Table 11.
Radiocactivity %z of
Sampling , Sampls Depth a Radio- Conc. Conc.
Location Date Type (Metres ) - nuclide (102 uCi/ml) Guide
Rulison, CO 5/22 23 3H 580 0.02
Felix Sefcovic 89gy <2 <0.06
Ranch ’ 90gy <0.8 <0.3
234y 0.49 <0.01
235y 0.017 <0.01
238y 0.26 <0,01
238py <0.04 <0,01
239Pu <0.03 <0.01
Anvil Points, CO 5/21 27 3y 510 0.02
Bernklau Ranch 89gy <1 <0.04
90gy <0.8 <0.3
234y 2.4 <0.01
235y 0.039 <0.01
238y 1.0 <0.01
238py ~ <0.03 <0,01
239py <0.02 <0.01
Grand Valley, CO 5/21 22 3 300 0.01
Battlement Creek 89gr <2 . <0,05
0gy <1 <0.4
234y 0.36 <0,01
235y 0.024 <0.,01
238y 0.18 <0.01
238py . <0.02 <0.01
239py . <0.02. . <0.01
Grand -Valley, CO 5/22 23 13.6 34 540 0.02
CER Well : 89gy <2 <0,07 .
90gy <l <0.3
234y ©0.24 <0.01
235y - <0.009 <0.01
238y 0.18 <0.01
238py <0.04 <0.01
239py <0.02 <0,01
Rulison, CO 5/21 27 3n 420 0.01
Potter Ranch 89gy . <2 <0.07
90gy <1 <0.3 -
226Ra 0.089 0.3
234y 4.7 0.02
235y 0.13 <0.01
238y 3.1 <0,01
238py <0.04 <0,01
239py <0.02 <0.01
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Table 11. (continued)

Radioactivity 7 of
Sampling Sample Depth Radio- Conc. Conc.
Location Date Typec (Metres?) nuclide (10~° uCi/ml) Guide

FAULTLESS EVENT

Blue Jay, NV 3/11 23 3y <8 <0.01
Highway Maint. ) . 89gy <2 <0.07
Station 90gy <1 <0.4

234y 3.3 0.01

235y 0.07 <0,01

238y 1.3 - <0,01

238py <0.03 <0.01

239py <0.04 <0.01

Warm Springs, NV 3/11 27 34 - 26 <0.01
Hot Creek Ranch 895y <2 <0.07
905y <1 <0.4

234y 1.8 <0.01

235y 0.035 <0.01

238y 1.1 <0.01

238py <0.02 <0.01

239py <0.02 ' <0.01

Rlue Jay, NV 3/11 27 3 11 <0.01
Rlue Jay Spring : - 895gy <1 <0.03
90gy <1 <0,13

234y 3.9 0.01

236y 0.073 <0.01

238y 2.1 <0.01

238py . <0.03 <0.01

239py <0:05 <0, 01

Blue Jay, NV 3/11 23 3 <8 <0.01
Sixmile Well 89gr <2 <0.05
90gy <0.9 <0.3

234y 1.9 <0.01

235y 0.019 <0.01

238y 0.74 <0.01

238py <0.02 <0.01

239py <0.02 <0.01
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Table 11. (continued)

Y Radioactivity % of
Sampling ~ Sample Depth Radio- Conc. Conc.
Location Date Iypec (Metresa) nuclide (10-° uCi/ml) Guide
Well HTH-1 3/12 23 259 3u <7 <0.01
' 89gy <2 <0,08
0gy <1 <0.4
234y 1.7 <0,01
235y 0.059 <0,01
238y 1.0 <0,01
238py <0.,05 <0,01
239py <0,03 <0,01
8/14 23 259 3 <7 <0.01
Well HTH-2 3/12 23 184 3K <8 <0.01
89gy <2 <0.05
0gy <0.7 <0.2
234y 2.5 <0.01
235y <0.02 <0,01
238y 0.75 <0.01
238py <0.04 <0.01
239py <0.03 <0.01
8/14 184 34 <8 <0.01

23

21f depth not shown, water was collected at surface.

bSample collected from tap in Malaga.
Nu.

€21
22
23
27

2.

Water originates from Loving City Well

Pond, Lake, Reservoir, Stock Tank, Stock Pond

Stream, River, Creek

Well
Spring
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APPENDIX A. RADIATION PROTECTION STANDARDS
FOR EXTERNAL AND INTERNAL EXPOSURE*

ANNUAL DOSE COMMITMENT

Dose Limit to Dose Limit to
Critical Individuals Suitable Sample
in Uncontrolled Area of the Exposed
at Points of Maximum Population in an
Type of Exposure Probable Exposure (rem) Uncontrolled Area (rem)
Whole Body, gonads 0.5 0.17
or bonec marrow
Other organs 1.5 : 0.5
CONCENTRATION GUIDES (CG's)
Sampling Radio- CG
Network or Program Medium nuclide (uCi/ml) . Basis of Exposure
Air Surveillance Network air 7Be 1.1x10~8 Suitable sample
: 9szr 3 3X10—10 of the exposed
' population in
103gy 1.0x10-2 uncontrolled area.
106y 6.7x10-11 "
140p4 +3.3x10-10
141ce 1.7x10-2
1hbce 6.7x10 11
Noble 3as ynd Tritium air 85kr 1.0x10~° Individual in
Surveillance Network, 3y 5. uxlo © controlled area.
On-NTS
133%e 1.0x10~5
Noble Gas and Tritium air Uskr 1.0x10°7 Suitable sample
Surveillance Network, ' 3y 6.7x10-8 of the exposed
Of£-NTS ' : T populzation in
133%e 1.0x10"7 uncontrolled area.
Water Surveillance water 3u 1.0x10-3 Suitable sample of
Network 895y 1.0x10-6 t@e e¥posed popula-
tion in an uncon-
905y 1.0x10~7 trolled area.
238py 1.7x10-8
239%py 1.7x10-6
226g, 1.0x10-8

*"Radiation Protection Standards,' ERDA Manual, Chapter 0524,
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CONCENTRATION GUIDES (CG's) continued

.. .. ... Sampling Radio-. cG , ~
Network or program . . Medium nuclide (uCi/ml) Basis of Exposure
.Long-—Term Hydrologicai water 3 3.0x10-3 . Individual in
Program . 895, 3.0x10-6 uncontrolled area.
0gr 3.0x10-7
. 238py 5.0x10-®
239y 5.0x10-®
234y 3.0x10->
- 235y 3.0x10-°
238y 4.0x10-°
226p,. 3.0x10-8
137¢g 2.0x10~5
3H °  1.0x10-!  Individual in
ggsf 3.0x10-4 cont;olled area.
30sy  ° 1.0%x10°°
A 238py 1.0x10-"
0 239y - 1.0x10-%
234y 9.0x10-*
235y g.0x10-"
238y 1.0x10-3

226p4 4.0x10-7
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APPENDIX B. DOSE ASSESSMENT CALCULATIONS
METHOD

The radionuclides detected in off-NTS air samples and attributed to NTS
. 133 85 3 i me— -
operations were Xe, Kr, and “H. Based upon the time-integrated concen
trations of 133Xe and 3H at each location where the nuclide(s) were detected,
whole-body dose estimates were calculated from the following equations.

D.E. = 0.25 Ey*, where D.E. is the whole-body dose equivalent resulting
from exposure to airborne !33Xe, rem;

E is the effective encrgy of the radiations released per disintegration
of 133Xe, 0.19 MeV/dis;

Y is the time-integrated concentration of 133Xe, Ci-sec/m3.

D.E. = 0.47 Ex**, where D.E. is the whole-body dose equivalent resﬁlting
from exposure to airborne 3H, rem;

E is the effective energy released per disintegration of 34, 0.010 MeV/ dis;
X is the time-integrated concentration of 3H in air, uCi-d/m3.

The 80-km, man-rem dose was calculated from the product of these dose equivalents
and the population at each sampling location.

Since the gamma radiation per disintegration of 85kr is negligible (0.514 MeV,
0.41 percent abundance) the major hazard from this nuclide is beta radiation to the
akin of the total body. Skin dose equivalents were calculated from the time-
integrated concentration of %5Kr at weach sampling location where 85Kr was detected
and the same equation for 133Xe, except an effective energy of 0.24 MeV/dis was
used instead of the 0.19 MeV/dis which was for 133%e.

* "Meteorology and Atomic Energy," U.S. Atomic Energy Commission, Division of
Technical Information, Oak Ridge, Tennessee. p 339. July 1968

** Based upon the assumptions of "Report of Committee IV.on Evaluation of
Radiation Doses to Body Tissues from Internal Contamination Due to Occupational
Exposures.'" ' Recommendation of the International Committee on Radiological Pro-
tection, ICRP Publication 10. Pergamon Press, New York. pp 29-30. 1968
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RESULTS

The results of the whoie—body dose calculations are summarized, as follows:

Dose
Time-Integrated Whole-Body Commitment
. Radio- Concentration Dose Within 80 km
“Location nuclide (uCi-s/m3) (urem) Population {(man~rem)
Beatty 3 2.7 0.15 500 0.000075
Diablo 3 8.6 0.46 5 o*
133ye 34 1.6 0*
Hiko 133xe 20 0.97 52 0.000570%
Indian Springs !33%e 7.2 0.34 1670 0.00057
Las Vegas 133xe 6.6 0.32 194,000 0%

Total 0.00065

* Diablo, Hiko, and Las Vegas are beyond 80 km. Dose commitments at these
locations were calculated as 0.000010 man-rem, 0.000050 man-rem, and 0.062
man-rem, respectively.

Although the total body skin dose equivalents calculated from the 85kr
concentrations are not appropriate for inclusion with the 80-km dose commit-
ment estimates, the results of this calculation are summarized as follows for
comparison to the Radiation Protection Standard of 0.5 rem/y for exposures to
the skin at a suitable sample of the population.

Percent of

Time-Integrated Total Body Radiation
Concentration of 85Kr Skin Dose Protection
Location (uCi-s/m3) (urem) Standard
Beatty 4.8 0.29 6x10~>
Diablo 12 0.72 1x10™%
Indian Springs 15 0.87 2x10™"
Las Vegas 15 _ , 0.90 2x10°"

If one used the conservative assumption of the ERDA Manual, Chapter 0524, that
exposure to airborne 85kr results in a whole-body gamma exposure, the doses at
Beatty, Diablo, Indian Springs, and Las Vegas would be increased by the doses
above. This would result in a 80-km dose commitment of 0.0022. man-rem, a factor
of 3.4 times the first estimate, and dose commitments at Diablo and Las Vegas of
0.000014 man-rem and 0.22 man-rem, respectively.
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APPENDIX C. LIST OF ABBREVIATIONS AND SYMBOLS

urem Micro-roentgen-equivalent-man.

ﬁCi/g Microcurie per gram.

pCi/ml Microcurie per millilitre.

AEC Atomic Energy Commiésion.

ASN ‘ Air Surveillance Network.

c ' Temperalure in Colsius.

CG . Concentration Guide.

Ci - Curie,

cm Centimetre,

CP-1 Control Point One.

CY Calendar year.

D.E. Dose Equivalent.

EMSL-LV Environmental Monitoring and Support Laboratory-Las Vegas.
EPA Environmental Protection Agency.

I"RDA Energy Research and Development Administration,
ERDA/NV Energy Research and Development Administration/Nevada

Operations Office. ‘

tt, Faat:

kg Kilograu.

kt ' Kiloton.

LLL Lawrence Livermore Laboratory

m . Metre. |

MDC Minimum detectable concentration.
mrem/y Milli-roentgen-equivalent-man per year.
mrem/d Milli-roentgen-equivalent-man per day.
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mR Milli-roentgen.

mR/h Milli-roentgen per hour.

MSL Mean sea level.

MSN Milk Surveillancg‘Network.
nCi Nanocurie.v

NTS Nevada Test Site.

PHS .Public Health Service.

SMSN Standby Milk Surveillance Network.
TLD Thermoluminescent dosimetef.
USGS United States Geologica1'§ociety,
WSN Watef Surveillance Network.
3u Tritium or Hydrogen-3.

HT Tritiated Hydrogen.

Hfo Tritiated Water.

CH 3T Tritiated Methane.

Ba . Bafium.

Cs Cesium.

K Potassium.

Kr Krypton.

Pu Plutonium.

Ra Radium.

Sr | Strontium.

U Uranium.

Xc Xenon.
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ABSTRACT

The National.Environhental Research Center-Las Vegas (NERC-LV), Environmental
Protection Agency, conducts a comprehensive off-site radiological safety pro-
gram in support of ruclear testing at the Nevada Test Site (NTS). To facili-
tate the planning and management of required surveillance and monitoring
operations, and to assess'potential and actual population exposures resulting
from radioactive releases into the areas beyond the boundaries of the NTS,

the NERC-LV collects and maintains census information in the area around the
NTS.

This report summarizes this census information which includes the number
and distribution of resident adults-and children, family milk cows, and
Grade A dairy cows located by azimuth and distance within a radius of
450 miles of Control Point 1 at approximately the center of the NTS,

36° 15' N, 116° 04' W.
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INTRODUCTION

In accordance with a Memorandum of Understanding between the Environmental
Protection Agency and the Atomic Energy Commission, the National Environmental
Research Center-Las Vegas (NERC-LV) conducts a comprehensive off-site
radiological safety program in support of nuclear testing at the Nevada

Test Site (NTS). As part of this program, the NERC-LV collects and maintains
census information in the area around the NTS to facilitate the planning

and management of surveillance and monitoring operations, and to assess
potential and actual population exposures resulting from radioactive

releases into the areas beyond the boundaries of the NTS. Included in the
information compiled are data concerning the number of resident adults and
children, family milk cows, and Grade A dairy cows located in these off-

site areas. |

This report summarizes the number and distribution of human population and
milk cow population by azimuth and distance from Control Point 1 (CP-1)
located roughly at the center of the NTS, 36° 15' N, 116° 04' W. Tables 1
and 2 show the population distribution out to a distance of 450 miles from
CP-1. Tables 3 and 4 1ist the milk cow distribution. The data are
presented in 30-degree sectors at distance increments of 25 miles. Figure 1
shows the azimuth/distance distribution of census data within a radius of
200 miles of CP-1.



BACKGROUND CONSIDERATIONS

The State of Nevada has a total population of 488,738 (1970 census),

of which 395,336, or 80.9%, reside in urban areas and 93,402, or 19.1%

in the extensive rural areas. The Las Vegas and Reno metropolitan areas
account for approximately 98% of the total urban population. The Las
Vegas area is 73 miles from the NTS on an azimuth of 136° and the Reno
area 271 miles on an azimuth of 311°, The rural population is widely
scattered throughout the state with less than one-half the people residing
in areas with a population over 1,000. The urban population increased
97.4% over the previous census while the rural population increased 10.4%.
The major incorporated.-cities are experiencing the highest gkowth rate:
Carson City - 15,468, up 199.6%; Henderson - 16,395, up 30.9%; Las Vegas -
125,787, up 95.3%; North Las Vegas - 36,216, up 96.6%; Reno - 72,863, up

- 41.6%; and Sparks - 24,187, up 45.5%.

Nevada has approximately 9,000,000 acres in farm and ranch land and an
estimated 2,100 farms or ranches with an average size of 4,286 acres.
Nevada farms and ranches last year produced 1,009,000 tons ol crups ui
491,000 acres with a total value of $30,228,000. Principal crops
harvested include corn silage, 4,000 acres; all yrain, 33,000 acres;
cotton and seed, 2,300 acrés; alfalfa seed, 22,000 acres; dnd 411 hay,
428,000 acres. | '

Livestock production is the most important phase of agriculture. The
value of all livestock totaled $120,000,000. in 1971. Principal
livestock raised are cattle and calves, approximateiy 600,000 beef and
26,000 milk; sheep and lambs, about 239,000 head; and hogs and pigs,
about 9,400 head. Milk production is estimated at 139,000,000 pounds
at a market value of $7,564,000.



Details of resident and milk cow population in the areas extending to a
distance of approximately 50 miles beyond the NTS and the Nellis Air

~ Force Rangé boundaries are updated continuously. Biennial detailed
surveys beyond the 50-mile radius are conducted to update census infor-
mation, including residents, family milk cows, and Grade "A" dairies
for the entire State of Nevada and portions of Arizona, Utah, Idaho and
California. -



CLOSE-IN POPULATION DISTRIBUTION

The off-site area nearest the NTS is predominantly a rural area consisting
of a variety of farms and ranches ranging in size from a few acres to
several hundred thousand acres. Several small communities are located in
‘the area, the largest being the Pahrump valley. This rural community has
an estimated population of 1,100 and is Tocated about 45 miles south of

the NTS. The Amargosa'Farm area has a population of about 200 and is
located about 30 miles southwest. The Spring Meadows Farm area is a
relatively new development consisting of approximafe]y 10,000 acres with

a population of somewhat more than 1UU. Tlhis area is about 35 miles south=
southwest of the NTS. The largest town in the near off-site area is

Beatty with a population of more than 500 and located about 40 miles to

the west. The region north and east is primarily open range land used

for cattle grazing, although not extensively. Some of thé valleys in

this region are also used for winter grazing by -certain sheep herders from
the northern part of the state. There are also 12 mining operations within
50 miles of the NTS, about five of which are operated on a regular basis.



ADJACENT STATES

The Mohave Desert of California which includes Death Valley National Monu-
ment, lies along the southwestern border of Nevada. The population in the
Monument boundaries varies considerably from season to season with fewer
than 200 permanent residents and tourists in the area during any given
period in the summer months. However, during the winter as many as '
12,000 tourists and campers can be in the area, particularly during the
major holiday periods. The largest town in this general area is Barstow,
Tocated 165 miles south-southwest of the NTS with a population of over
12,000. The Owens Valley, where numerous farms, ranches and small towns
are located, lies 25 to 35 miles west of Death Valley. The largest town
is Bishop, located 140 miles west-northwest of the NTS with a population
of about 3,000.

The extreme southwestern region of Utah is somewhat more developed than the
adjacent part of Nevada. The largest town is Cedar City, with a population
of approximately 9,000 and located 175 miles east-northeast of the NTS.

The next largest community is St. George located 135 miles east of the NTS
with a population of somewhat more than 7,000. Both communities engage in
seasonal fruit and vegetable production. The area also has several small
Grade "A" dairies.

The extreme northwestern region of Arizona is mostly undeveloped range Tand
with the excebtiun of that portion in the Lake Mead Recreation area.
Several small retirement communities are found along the Colorado River,
primarily at Lake Mohave and Lake Havasu. The largest town in the area is
Kingman, located 175 miles southeast of the NTS with a population of about
6,000.
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Distance

Table 1. Number and distribition of adults by azimuth and distance from NTS/CP-1.
AZIMUTH (Degrees)

(Miles) 0-29 30-59 60-89 90-119 120-149 15C-179 180-209 210-239 240-269 270-299 300-329 330-359 Total
0-25 0 0 0 0 0 9 2 0 0 0 0 0 2
25-50 0 0 0 0 1,712 44 109 154 856 32 -0, 0 2,907
50-75 20 322 11 0 170,979 1,168 141 82 11 25 8 4 172,77
75-100 15 2 642 2,131 16,028 163 253 31 141 38 136 114 19,694
100-125 . 36 880 20 885 3€1 308 1,277 3,263 2,338 724 2,201 28 12,321 -
125-150 391 58 5,880 30 8,37¢ 62 2,147 13,474 3 7,969 166 - 113 38,672
150-175 4,731 37 7,315 z2 8,732  t,611 16,390 3,081 0o 1,268 1,250 116 47,553
175-200 1,540 1,113 3,254 798 720 62 25,536 0 2 1,349 3,582 302 38,268
200~ 225 100 41 1,468 73 6£7 — - ——-- - 14 4,374 118 6,835
225-250 405 2,214 ---- 2,885 202 -— S ——— - ---- 10,689 299 16,694
250-275 6,442 2,246 32 20,931 -——- ———— e - -—-- ---- 90,793 4,497 124,94
275-300 1,610 2,714 ---- 53 -—- - ———- ———- ———- ——-- 571 4,333 9,281
300-325 230 215  —emem eme- -—-- ——— - - - - 360 240 1,045
325-350 L R - -— -—— ———- - - 29 381 1,275
350-375 458  mmme mmme eee- -—-- - -———- -—— - - - 682 1,140
375-400 126 —-o-  —oem eme- -—-- S 6 - ———- ———- 9 1 152
400-425  ---- 2 mmed —em- ——-- . ———- 4 ——-- ———- —— 2 8
425-450 = e-ec amem eieo oeen - -—-- S ——-- —_—— meee S - ———-
TOTAL 16,969 9,844 1&,622 27,808 207,770 20,089 3,351 11,419 114,168 11,240 493,559

5,418 45,861

---=- = Survey incompiete.



Table 2. Number and distribution of children by azimuth and distance from NTS/CP-1.
AZIMUTH (Degrees)

Dz;§?2§§ 0-29 30-59 60-89 90-119  120-149 150-179 180-209 210-239 240-269 270-299 300-329 330-359  Total.

o 0 0 o .0 0 0 0o 0 o o 0

0-25 0

25-50 0 0 0 0 402 53 58 65 356 15 0 0 949

50-75 5 221 14 0 94,107 661 74 44 2 1 0 1 95,130

75-100 5 0 418 1,189 8,816 78 100 4 71 3 57 40 10,781
100-125 16 571 22 520 151 142 200 1,882 1,233 456 931 1 6,135
125-150 287 33 4,760 6 5,025 3 1,375 8,823 2 4,247 42 51 24,685
150-175 3,083 32 5,706 21 5,209 3,032 9,792 2,093 0 807 590 63 30,428
175-200 842 824 2,610 597 421 38 15,257 0 0 552 2,205 106 23,452
200-225 51 27 1,110 10 339 —--- - S - 6 2,766 56 4,365
225-250 239 1,911 ---- 2,217 105 S —--- - S ~--- 5,894 112 10,478
250-275 4,293 1,973 22 16,633 — S ——-- ——-- - —--= 44,609 2,737 70,267
275-300 1,011 1,976  ---- 39 ———— - —--- - S ——-- 235 2,190 5,451
300-325 148 155 ---- eem o emen o eeen e ——-- 170 © 108 581 .
325-350 . :1:]0 JCR U ceem Seemeeen e R ¥ 212 814
350-375 253 ceee eeemoee- S ——-- S S— S —--- ——-- 354 607
375-400 135 =emm mmem e S ——-- 4 - S —--- 2 5. 146
400-425 - 7 SR ——-- ——-- S 3 S — S 1 6
425-450 . ——-- ——-- S - — S S —--- ——--
TOTAL 10,958 7,725 14,662 21,232 114,575 4,038 26,860 12,914 1,664 6,087 57,513 6,047 284,275

---- = Survay incomplete.



Table 3. Number and cistribution oF grade "A" cows by azimuth and distance from NTS/CP-1.

AZIMUTH (Degrees)

Dz;gﬁggj 0-29 30-59 60-89 90-119 120-149 150-179 180-209 210-233 240-269 270-299 300-329 330-359  Total
0-25 0 0 0 0 0 0 0 0 0 0 0 0 0
25-50 0 0 0 0 0 0 0 0 0 0 0 0 0
50-75 0 454 0 0 160 0 0 0 0 0 0 0 614
75-100 0 0 0 2,500 0 0 0 0 0 0 0 0 2,500
100-125 0 0 0 1,475 0 0 0 0 0 0 0 0 1,475
125-150 344 0 1,284 D o 0 0 0 180 0 0 1,808
150-175 0 4 360 ) 85 0 1,225 0 0 0 0 0 1,674
175-200 0 3 1,588 ) 0 0 295 0 0 0 0 0 1,886
200-225 0 25 1,358  ---- ———- ——- ——- — ———- ———- 942 —--= 2,325
S 225-250 0 991 1,100  ---- ——-- — ——- ——- S ———- 3,733 —-—- 5,828
250-275 0 899 133  ---- 456 —-- S ———- ——-- —em- 1,597 ---- 3,085
275-300 0 1,457 50  ---- 50 ——- ——-- S ——-- ——-- 205 150 1,912
300-325 0 3,89. 327 --<= 12,723 8C - —--- S —--- ——-- ---= 16,999
325-350 0 9,728  ---- 70 22.056 ——- ——-- ———- ———- ——-- ——-- —-—— 31,854
350-375 52 12,930  ---- 2% 5,279 ——- ——- S S ——-- -—-- --—- 18,286
375-400 131 8,902 ---- 65 = 268 ——- ———- ——- S S ——-- --—= 9,366
400-425 ceem 7,292 mmee e ——- ———- ———- S ——-- ———- ——-- —eem 7,292
425-450 21 275 === —-e= 1,993 - ———- ———- ——-- ——-- g— —-—— 2,289
TOTAL 548 46,829 6,200 4,135 43,070 80 1,520 180 6,477 150 109,189

-~-- = Survey incomplete.
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Table £. Number and distribution of family cows by azimuth and distance from NTS/CP-1.
AZIMUTH (Degrees)

Dz;$?2§§ 0-29 30-59 60-89 90-119 120-149 150-179 180-209 210-239 240-269 270-299 300-329 330-359  Total
0-25 0 0 0 0 0 0 0 o 0 0 0 0 0
25-50 0 0 0 0 1 0 0 9 o 6 0 0 16
50-75 0 2 2 0 0 12 4 0 0 o ' 0 0 20
75-100 4 0 9 14 0 2 0 0 0 2 0 2 33
100-125 2 8 3 18 2 2 0 2 9 10 1 1 58
125-150 61 13 115 0 1 0 2 3 0 22 15 17 249
150-175 5 1N 187 10 33 0 38 1 0 0 3 19 307
175-200 49 28 100 14 18 0 21 0 0 2 1 1 244
200~225 45 6 24 ] 20 ——— — ———- ——- ——-- 70 31 197
225-250 57 86 ----= 1 ———- cnme — ———- ———- ——-- 242 26 412
250-275 108" 86 -=-- 3 S ———- ——- ———- ———- . 78 40 311
275-300 67 5y JR— 1R ———- ——-- ——- ——-- - ———- 3 41 179
300- 325 38 - J ———— —em e — cemm mma 8 - 28 79
325-350- B8  —-e- ceem mmemeeeo — ———- S ——- ——— 70 129
350-375 52 mmme mmme mcme mmme mmee i mmee e eeeeeen 35 87
375-400 1 (USRI ——-- S - ——-- ——-- ———- 1 2 14
400-425  ---- 6  mmme mee- ——-- ——- S ——-- ———- ——- S ——-- 6
425-450  —mmm  emme mmme moe- ———- S S - ——- . SV
TOTAL 553 308 440 72 75 16 65 15 9 42 423 323 2,341

---- = Survey incompleta=.
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AN EXAMINATION OF THE GEOLOGY AND
SEISMOLOGY ASSOCIATED WITH AREA 410 AT THE
NEVADA TEST SITE

Abstract

This report summarizes regional and
local geology at the Nevada Test Site and
identifies major tectonic features and
active faults. Sufficient information is
given to perform seismic safety analyses
of present and future critical construction
at the Super Kukla Site and Sites A and B
in Area 410,
local minor faults and joints and soil

However, examination of

thickness studies should be undertaken at
construction time. The Cane Spring Fault
is identified as the most significant geo-
logic feature from the viewpoint of the
potential seismic risk, Predictions of the
peak ground acceleration (0.9 g), the re-
sponse spectra for the Safe Shutdown Earth-
quake, and the maximum displacement

across the Cane Spring Fault are made.

Introduction

ERDA has requested that LLL investi-
gate the earthquake hazard for critical
facilities at the Livermore site, Site 300,
and Area 410 at the Nevada Test Site
(NTS).

cause facilities containing radioactive

A safety analysis is needed be-

materials are located in these areas.

This report examines the geology and
seismicity of the Super Kukla Reactor Site
and Sites A and B in Area 410.

The geological investigations consist of
summaries of the regional and local geo-
logic history, past and present tectonic
features, and regional and local stratig-
raphy. Active faults were identified on
the basis of geology, surficial expression,
seismicity, and the stress state of the
region. The Cane Spring Fault was iden-
tified as the most significant feature on
the basis of its length and its proximity

to the facilities being studied.

Once the active faults were identified,
their dimensions and prior seismic his-
tory were used together with the results
of previous investigations to predict accel-
eration levels. Two different prediction
schemes were used depending on whether
the nearest point on the fault was greater
or less than 5 km from the building sites.
In the former case, the predictions were
based on the results of empirical obser-
vations of peak accelerations versus dis-
tance for a given magnitude and on studies
In the

latter case, the prediction scheme was

of magnitude versus fault length.

based upon close-in observations made
during the 1966 Parkfield earthquake and
These

were suitably scaled on the basis of esti-

the 1971 San Fernando earthquake.

mated peak acceleration.
The results of the analysis show that

the Cane Spring Fault is the primary



seismichazard. A peak accelerationof0.9g

is assigned to this fault and 0,2-0.5 m

is estimated as the maximum displace-

ment to be expected across the fault. The

corresponding response spectra are deter-

mined.

Regional Geology

NTS is located within the south central
part of the Great Basin section of the
Basin and Range physiographic province
(Fig. 1).  This province is character-
ized by a series of linear north to north-
east trending mountain ranges (frontis-
piece and Fig. 2). 1 The ranges, which
rise to heights of 2100 to 3100 m, are
separated by intermountain basins at
elevations of 900 to 1500 m.

In general, the rocks of the Basin and
Range Province can be characterized as

metamorphic rocks of Early Precambrian
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Fig, 1. Map of physiographic provinces
of the Western United States, 1
(From Physiography of the
United States by Charles B, Hunt.
W, H. Freeman and Company.
Copyright © 1967.)

age [1640 m.y. (million years)]z; sedimen-

tary rocks of Late Precambrian (850 m.y.),

3

Paleozoic, and Mesozoic age; plutonic rocks

of Mesozoic and Tertiary age; and volcanic

and sedimentary rocks of Cenozoic age.

o 200 M Gulf o
Scole California

Fig. 2.

Physiographic map of the Basin

and Range Province.l (From
Physiography of the United States

by Charles B. Hunt. W. H. Freeman
and Company. Copyright © 1967.)




The crust of the basin is relatively
thin, averaging about 15 km thick. In
Mesozoic time, complex thrusting and
folding occurred and a number of granitic
‘plutons were intruded. In the Tertiary
period, 4 a change to extensional deforma-
tion occurred giving rise to three general
groups of interrelated structures: (1) block
faulting, (2) major zones of strike-slip
faulting, and (3) volcano-tectonic fea-

tures. 5

GEOLOGIC HISTORY

The older Precambrian rocks are
highly metamorphosed sedimentary and
igneous rocks, now représented by scat-
tered occurrences of schists, gneisses,

and marbles. These rocks were involved

in the Hudsonian orogeny (1640-1680 m.y. )2'

The overlying Uppef Precambrian rocks
are relatively unmetamorphosed sedi-
These
The

lower series ranges from 850-1250 m.y.

mentary and volcanic rocks, 3
rocks are divided into two series.
in age. The upper series is 850 m.y. old
and cannot be consistently separated from
the Lower Cambrian rocks. The deposi-
tional pattern of the upper series departs
from that of older rocks but is similar to
the pattern of younger rocks deposited in
the Cordilleran geosyncline, Stewart3
proposes that this represents a change in
tectonic setting and that these Upper Pre-
cambrian to Lower Cambrian rocks (570
to 850 m.y.) were the initial deposits in
the Cordilleran geosyncline,

The rocks of Cordilleran geosyncline
can most simply be divided into a eugeo-
synclinal group of clastic sedimentary
rocks to the west of a group of miogeo-
synclinal, predominantly carbonate rocks.

The NTS is near the thickest section of

the miogeosyncline. 6 The eastern bound-
ary of the eugeosyncline lies about 80 km
west of the NTS [Figs. 3 (Ref. 7) and 4],
The miogeosynclinal sequence is largely
Paleozoic rocks with some remnants of
Lower Mesozoic rocks at the top. 2

The rocks in the vicinity of the NTS
may be roughly described as follows: the
oldest rocks consist of a 1500-m-thick
Precambrian and Lower Cambrian se-
quence of clastic rocks. These clastié
rocks underlie a 4600-m-thick Middle
Cambrian to' Middle Devonian carbonate
sequence. The Eleana Formation, a
2400-m-thick clastic sequence of Upper
Devonian and Mississippian age rocks,
overlies the lower carbonate sequence.
The Eleana Formation, in turn, is over-
lain by an 1100-m-thick carbonate se-
quence of Pennsylvanian-Permian age.
A stratigraphic column for the pre-
Mesozoic rocks at' NTS and vicinity is

given in Table 1. 89

REGIONAL DEFORMATION
AND VOLCANISM

The rocks of the eugeosyncline to the
west were deformed by the Antler orogeny
of early Mississippian time (340 m. y.).
This orogeny occurred northwest of NTS
and is represented at the test site by the
Eleana Formation. The Antler orogeny
appears to have had a minimal structural
effect on the miogeosynclinal rocks in the

vicinity of NTS. However, after the depo-

" sition of the upper carbonate sequence,

compressional deformation occurred in
the Mesozoic era (Fig. 5). According to
Barnes and Poole, folding was preceded,
accompanied, and followed by southeast-

ward thrusting. .They propose that the
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Fig. 3. Map showing extent of Cordilleran Geosyncline in vicinit'y of NTS. 7 (From

Refs. 6 and 7. U. S. Geological Society of America.)

Table 1. Pre-Mesozoic Stratigraphic column for NTS and vicinity.

Geologic age

Geologic unit

Thickness (m)

Mississippian

Devonian
Silurian

Ordvician

Cambrian

Prccambrian

Keeler Canyon Formation
Red Spring Shale

Perdido Formation

Tin Mountain

Lost Burro Formation
Hidden Valley Dolomite

Ely Springs Dolomite
Eureka Quartzite
Pogonip Group

Nopah rormartion
Bonanza King Formation
Carrara Formation
Zabriskie Quartzite

Wood Canyon Formation
Stirling Quartzite
Johnnia Formation
Noonday dolomite and
equivalent basinal units
Kingston Peak Formation
Beck Spring Dolomite
Crystal Spring Formation

65
120
182

91

455
395

167
100
516

oUu
1080
405
308

680
490
710

330
1080
340
1010

-4~
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(e) Tertiary block faulting, with Alluvium deposited in the basin.
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Fig. 4. Generalized evolution of structure and topograph in the vicinity of NTS, 1 .
(From Physiography of the United States by Charles B. Hunt. -W. H. Freeman

and Company. Copyright © 1967.)




root zone of the thrusts lies to the north-
west of Yucca Flat,

Several episodes of Mesozoic thrusting
have been recognized. Burchfield et al. 11
recognized a perioa of Jurassic (165
+ 4 m.y. and possibly 213 m.y.) thrust
faulting in southeastern California, which
they correlated with the thrusting observed
at the NTS. Another episode of thrusting
occurred between 75 and 90 m.y. ago in
the Spring Mountains southeast of NTS. 12
King2 notes that the Mesozoic deformation
is progressively younger eastward across
the fold‘belt. Also, he noted that there is
no clear separation between Middle Meso-
zoic and Late Mesozoic orogenies.

Starting appfoximately 26 m.y. ago, 4
the central part of the Cordillerian geo-
syncline was disrupted by block faulting
resulting from extensional deformation.
According to King, 2 major faulting oc-
curred as recently as the early Pleisto-
cene with minor faulting continuing today

in places. It has been suggested by
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Fig. 5. Map showing Mesozoic thrust

faults in NTS and vicinity.
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Fig. 6. Age distribution of Tertiary
volcanism in Nevada,

13 that the tensional deformation

Stewart
is the result of right lateral movement
between the North American Plate and the
Pacific Plate along the San Andreas and
related faulte, It ic thoucht that the mowve
ment produces tensional fragmentation
(Basin and Range structure) oblique to
the trend of the plate boundaries.

An extensive period of volcanism started
about 40 m. y. 14 and continued up until
at least 0.25 m.y. 15 The oldest volcanic
rocks occur most commonly in east cen-
tral Nevada with the younger rocks occur-
ring peripherally around the older center
[FFig. 6 (tef. 16)]. In addition, the older
rocks are acidic in composition (andesite
to rhyolite) while the youngest rocks are
The acidic
rocks are the most prevalent volcanic

rocks in the vicinity of NTS.



NTS Geology

GENERAL GEOLOGY

The geology of NTS can be broadly
divided into (1) a basement of compres-
sively deformed Upper Precambrian and
Paleozoic sedimentary rocks, (2) an over-
lying section of Tertiary and Quaternary
volcanic rocks which are broken up by
normal faulting, and (3) Late Tertiary
and Quate.rnary alluvium and colluvium
cut by normal faulting.

As noted before, the Precambrian and
Paleozoic miogeosynclinal rocks at NTS
can be divided into four groups. They are:
(1) an Upper Precambrian and Lower Cam-
brian clastic sequence in which quartzite
predominates, (2) a Middle Cambrian .
through Middle Devonian carbonate se-
quence, (3) the Devonian and Miss'issip—
pian Eleana Formation composed of argil-
lites and quartzites, and (4) a sequence of

ILate Paleozoic carbonates (see Table 1).

DEFORMATION AND VOLCANISM

During the Paleozoic and Mesozoic
eras, these rocks were subjected to sev-
eral periods of compressive deformation.
At NTS, the Mesozoic deformation result-
ed in the formation of folds and thrust
faults (Fig. 4 b, c).
faults formed were the C. P. Thrust and

The major thrust

the associated Mine Mountain Thrust
(Fig. 5).

The C.P. and Mine Mountain Thrust
Faults are generally characterized by
Upper Precambrian and Lower Paleozoic
rocks overlying Middle and Upper Paleo-

zoic rocks, Subsequently, the thrusts

were cut by later normal faulting and have
not been active in the Tertiary. (Fig. 4)
The Precambfian—Paleozoic rocks
were locally intruded by Mesozoic plutonic
(Fig. 4d).

nantly quartz, monzonite stocks, the Gold

rocks Two small, predomi-
Meadows stock and the Climax stock, are
exposed in the northern part of NTS.
They have an average K-Ar age of 93

* 5m.y.

Tertiary volcanic rocks form a com-
posite sequence over 12, 190 m thick. 17
These volcanic rocks, especially the
pre-Upper Miocene formations, are
irregularly distributed as a result of
preexisting topographic erosion and sub-

sequent structural deformation. The Upper

Miocene tuffs of Crater Flat (13.8
+ 0.4 m.y.) are the oldest widespread
units at NTS. The younger voleanic units
are easier to correlate over long distances.
The general stratigraphy of the volcanic
rocks is given in Table 2.

The oldest volcanic rocks at NTS occur
within the Oligocene (29 m.y.) Horse
The location of the

volcanic center or centers from which

Springs Formation.

this and other older tuffs originated is
The tuffs and lavas on the NTS

of Late Miocene and Pliocene age are from

unknown,

" volcanic centers within and near the NTS

(Fig. 7).

for those volcanic centers of interest.

Table 3 summarizes the data

There appears to be a close relationship
between volcanism and normal faulting
both in time and space. 5 Carr5 beliéves
there is an association of eruptive centers
and calderas with the intersection of right-
lateral shear zones and northeast trending

faults.



Table 2. Generalized stratigraphic column of Tertiary volcanic rocks at NTS. 1

7

Unit

General lithology

Volcanic center

Thirsty Canyon Tuff

Labyrinth Canyon Member
Gold Flat Member

Trail Ridge Member
Spearhead Member

Peralkaline ash-flow tuffs

Black Mountain Caldera

Timber Mountain Tuff

Ammonia Tanks Member
Rainier Mesa Member

Rhyolitic to quartz-latitic
ash-flow tuffs

Timber Mountain Caldera

Paintbrush Tuff

Tiva Canyon Member
Yucca Mountain Member
Pah Canyon Member
Topopah Spring Member
Lavas of Scrugham Peak
Quadrangle (interbedded
with Paintbrush tuff)

Rhyolitic to quartz-latitic
ash-flow tuffs’

Rhyolitic lavas

Claim Canyon Caldera

Local centers on south
side Pahute Mesa

Wahmonie Formation
Salyer Formation

Dacitic to rhyodacitic
lavas, breccias, tuffs,
and sandstones

Wahmonie Flat-
Mt. Salyer

Stockade Wash Tuff

Tuffs and rhyolites of Area 20
Belted Range Tuff

Grouse Canyon Member

Tub Spring Member

Rhyolite lavas of Yuartet
Domec (intcrbedded with
lavas and ash-flow tuffs
from Silent Canyon
Caldersa

Calcalkalic rhyolitic
ash-flow tuff

Peralkaline ash-flow tuffs

Rhyolilic lavas

Silent Canyon Caldera

Localized centers around
3ileul Cairyvir Caldera

Crater I'lat Tuff

Low-silica rhyolitic
ash-flow tuffs

Sleeping Butte Caldera in
north west part of
Timber Mountain
Caldera Complex

Older Ash-Flow Tuffs

Rhyolitic to dacitic tuffs

North of NTS

The extension which produced the north
to northeast trending normal faulting be-
gan between 14 and 17 m.y. ago4 and is
probably continuing today. At NTS, two

normal fault systems are present (Fig. 8).

west.

-8-

sion of the oldest tuffs.

The older set strikes northeast and north-
This system appears to have

formed during or shortly after the extru-

This is based on

the observation that the frequencies of
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Area 410
(I)Stonewall Mountain (>lImy.), (2)Mount Helen (5) Paintbrush (13 m.y.)
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(4) Wahmonie-Salyer (I3 m.y.)
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(7) Black Mountain (7my.)

Fig. 7. Maps showing seven volcanic centers and five of the ash-flow tuff sheets that

have been delimited in and adjacent to the NTS. (From Ref. 6. U. S. Geo-
logical Socicty of America.)

faulting in the older tuffs (>17 m.y.) and The younger fault set strikes north-

the pre-Tertiary rocks are similar, south., This phase of faulting appears to

The
older faulting appears to have ceased be- have begun between 17 and 14 m.y. ago
tween 17 and 14 m.y. ago.

and is probably still continuing. For



Table 3. Summary of information for volcanic centers on and near NTS.
Associated
lithologic
Volcanic center IL.ocation unit Age (m.y.) Chemistry
Black Mountain 8 km west of NTS Thirsty Canyon Tuff 7.5-6,2 Peralkaline
Timber Mountain On western Timber Mountain Tuff 11,3-9.5 Calc-alkalic
border of NTS
Claim Canyon 35 to 40 km west Paintbrush Tuff 13.4-12.4 Calc-alkalic
of NTS in vicin-
ity of Beatty,
Nevada
Wahmonie-Salyer 6 km northwest of Wahmonie Formation 12,.5-12. 9 Calc-alkalic
Area 410, NTS
Silent Canyon Beneath eastern Belted Range Tuff 14,8-13.1 Peralkaline

Pahute Mesa,
NTS

example, the fault scarp along the Yucca
I"ault indicates its Recent Age. It is
these faults with their north-south orien-
tation that control the position and orien-
tation of the present day basins and
ranges,

The west-northwest-striking right-
lateral T.as Vegas Shear Zone is located

just south of Mercury, Nevada (Fig. 3).

EXPLANATION
Quaternary valley fill

Tertiary volcanic rocks
14 my. or younger

Tertiary volcanic rocks
I7 my. or older

uppermost
Precambrian rocks

Geologic map of the Belted and
Kawich Ranges. (From Ref. 4.
U.S. Geological Society of
America publication. )

-10-

It is a major linear feature in southern
Nevada. Because the north-striking
ranges assume a more northeastwardly
strike as they approach the LLas Vegas
Shear Zone, it seems reasonable that
much of the movement along it has taken
place since 17 m.y. In the Frenchman
Mountain block east of Las Vegas, it ap-
pears that movement along the Las Vegas
Thus,

much ol the movement along the T.as

Shear Zone ended 11 m.y. ago.

Vegas Shecar Zone may have heen restric-
ted to a 6 m.y. period. Based on T.ong-
well!'s™ ~ estimate of 67 km of lateral
displacement along the zone, the displace-
ment would be on the order of 1.1 cm/yr.
This is in agreement with Slewart's esti-

mate, 14 based on the geometry of block

faulting, of 0.3 to 1.5 cm/yr. Southwest
of Mercury in the Specter Range, the Las
Vegas Shear Zone loses definition. Its
extent and location to the northwest is
unclear. Associated with the Las Vegas
Shear Zone are several northeast-striking
faults with left-lateral displacement rang-
ing up to 5 Km. The Cane Spring Fault

is one of these.



The final elements in the NTS geologic
picture are the Late Tertiary and Quater-
nary alluvium- and colluvium-filled ba-
sins. Because they are structurally
controlled by the north-south striking
later fault systems, they must have
developed and been filled with alluviumn
in the last 17 m.y. In some basins the
alluvial fill is in excess of 1000 m thick.
Several ages of alluvium have been recog-
nized. A general str‘atigraphic column
for alluvium-colluvium is given in
Table 4.

neous with and/or postdated the younger

Some faults were contempora-
alluvium. The Yucca Fault is an

example.

GEOLOGY OF AREA 410

Area 410 is located in the southern
part of NTS, near the southern boundary
of the Southern Nevada Volcanic Field.
The area falls within four geologic quad-

They are the Cane Spring
9 the Skull Mountain Quad-
rangle, 49 the Camp Nesert Rock Quad

21
rangle,

rangle maps.

Quadrangle,

and the Specter Range NW
Within Area 410, the

rocks are predominantly Tertiary tuffs

Quadrangle, .

and tuffaceous sediments and Tertiary or
younger hasalts, alluvium, and colluvium
(Fig. 9).

Area 410 is southeast of the Wahmonie-
Most of

the rock within this area is from that cen-

Salyer Volcanic Center (Fig. 9).

ter. The older Salyer Formation occurs
in the northeastern part of Area 410,

while the younger Wahmonie IFormalions
occurs over much of the remaining area,
The Ammonia Tanks Formation overlies
these older formations unconformably in

some areas.

=

Cane Spring Wash and some of the
hillsides are mantled with alluvium and/or
colluvium of various ages. The older
gravels are commonly more indurate than
the younger alluvium. Alluvium and col-
luvium of at least four different ages have
been recognized. o The oldest underlies
the basalt of Skull Mountain.

turn unconformably overlain by alluvium

This is in

and colluvium composed of boulders of
Wahmonie lava and basalt of Skull Moun-

This alluvium is inferred by Ekren23

tain.
to be either Late Tertiary or Very Early
Quaternary. The basis for this inference
is the amount of erosion this unit is as-
The definite

Quarternary alluvium occurs in and adja-

sumed to have undergone.

cent to the present day stream channels,

The colluvium consists of talus and land-
slipped blocks on the flanks of the hills
and mountains.

The predominant structures in the
area are a series of northeast-striking
faults, of which the Cane Spring Fault is
the longest. On the geologic map of Area
410, most of the faulting appears to be
concentrated in the Salyer Formation and
There may be several rea-

They include: (1) these

rocks are older and have been subjected

older units.

sons for this.

to more tectonic activity, and (2) these
lithologic units are thinner and more
recognizable, thus faulting within them
may be easier to recognize. The Ammo-
nia Tanks member definitely appears to
be less faulted than the underlying rocks.
This means that much of the northeast
faulting is pre-Ammonia Tanks and there-
fore occurred before 11 m.y. ago. This
is in agreement with the end of movement
along the LLas Vegas Shear Zone as postu-

lated by Longwell. 18 It should be noted
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Table 4. Alluvium stratigraphy column in Cane Spring Quadrangle.

Geologic age Lithology Thickness (m)

Quaternary Alluvium 0 - 30
Alluvium and colluvium 0 - 150
Older Alluvium 0 - 10

Late Tertiary or

early Quaternary Alluvium and colluvium 0 - 45

Basalt of Skull Mountain 0-15

Tertiary - Alluvium and colluvium 0-175

that the Cane Spring Fault was active in
the post—Ammdnia Tanks period.

Much of the faulting on the southeast
side of the Cane Spring Fault appears to
have been inactive for the last 11 m.y.
The Cane Spring Fault and parallel faults
to the northwest offset the basalt of Skull
Mountain (which is inferred to be 7 m. y.
o1a). 23

The age of the last movement on the

Cane Spring Fault is difficult to determine.

The alluvium directly overlying the basalt
of Skull Mountain was offset by the Cane
Spring Fault. 20 This alluvium is inferred
to be Late Tertiary or very Early Qua-
ternary. Photolineaments in alluvium
parallel to the northeast extension of the
Cane Spring Fault were field-checked by
Ekren. 23 He could detect no displaccment
in either the alluvium of Cane Spring Wash
or in the top few feet of underlying older
~alluvium.

Thus, on the hasis of the dicplacement
of sediments, we have no conclusive evi-
dence that the fault should be considered
active, However, we do have two other
lines of evidence that NTS, in gencral,
and these sites, in particular, are located
in regions which are undergoing active

deformation:

-13-

(1) As a result of examining a number
of factors including borehole
deformation, directions of crack
propagation following nuclear
events, seismic data, and strain

. measurements, Carr5 has pro-
posed that the NTS is undergoing
extension in a N50°W - S50°E
extension,

(2) Seismic evidence (Fig. 10) shows
earthquake epicenters have been
located as close as 5 km to the
Cane Spring Fault. In addition,
the Massachusetts Mountain Earth—
quake of August 5, 1971, occurred
near the intersection of a northwest-
trending structural lineament. and
a possible extension of the Cane
Spring Fault, "Although the earth- '
quake, the fault, and the northwest-
trending lineaments have an uncer-
tain relationéhip, Cafr5 believes
that the tault and the other features
have ", ,,been active concurrently
and tend to offset one another. ™

Therefore, we are in the position of

havirig a zone of significant structural

~ weakness located in-an area of active

seismicity and structural deformation

but of having no evidence for recent
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movement along the fault tracé. It is our
position, and.that ol Ekre, 23 that the
continuing activity in the area together
with the existing evidence of structural
weakness provide sufficient evidence
that the Cane Spring Fault.should be con-
-sidered active for seismic safety analysis

purposes.

GEOLOGY OF SPECIFIC BUILDING
SITES IN THE AREAS OF INTEREST"

At the time of this study, there were a
number.of buildings of interest in the

three areas. These included buildings

5100, 5120, 5130, 5140, 5310, 5318, 5319,

-14-

5320, 5325, 5100, and 5410 (Fig. 11).
Qur investigations nf these huildinygs indi-
cated that their foundations rest on either
bedrock or shallow soil layers whose
Lhickness is less than a small fractinn of
a wavelength for the frequencies of
interest.

In general, there are numerous small
faults throup;rhout Area 410,

of these are shown on Fig.

The larger
11.

small faults, which can not be adequately

Many
shown on Fig. 11, are present throughout
the area. Such faults commonly have less
than a meter of displacement and can be
traced only for a few tens of meters.

As new buildings are considered in

the area, the specific building sites will
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have to be examined for the presence
Also the soil

lhickness will have to be examined.

of these minor faults.

With the exceptions of these two

localized features, this report should
provide sufficient information for the
seismic safety analysis of the proposed

construction.

Regional Seismicity -

The previous sections described the
geologic history of NTS in general and
Area 410 in particular. In the following
sections, we use this information together
with information about the seismicity dur-
ing historic times to estimate the Safe
Shutdown Earthquake (SSE), i.e., the
earthquake producing the maximum
vibratory accelerations at the site, 24
The characteristics of this SSE can then
be used in evaluating the response of
buildings at the Super Kukla Site and areas
A and B (Fig. 11).

In Table 5, we list the earthquakes of
magnitude 6 or greater that have occurred
within historic time at distances less than

about 320 km from NTS, Table 6 gives

additional smaller earthquakes in the mag-
nitude range 4.0 to 6.0 which occurred in
the area 36°-37°N by 115°-116°W. These
data were drawn from the articles by

26
a

Slemmons et al., 2° Ryall et al., 2° and

Gumper and S(:holzz7 for the years prior

to 1960 and from the work of Landers
for subsequent ycars., From lhese tables
and from the curves of maximum acceler-
ation versus distance from the causative

29
we

fault given in Schnabel and Seed,
can conclude that, except for the motion
generated by the Owens Valley earthquake
of 1872, Area410 has not been subjected
to peak ground accelerations in excess of
0.05 g in historic times from earthquakes

within a radius of 320 km. (The Owen's

Ta!': 5, Historic earthquakes occurring within 320 km of NTS having magnitudes > 6,0,

Approximate Descriptive

Date Latitude Longitude Magnitude distance (km) name
03/26/1872 36.8 118.2 8.3 160 Owen's Valley
11/10/16 35. 5 116.0 6.1 140 So. Nevada
09/18/27 37.5 118.8 6.0 255 Long Valley
].2/21/32 38.8 118.0 7.2 280 Cedar Mtn.
01/30/34 38.3 118.4 b. 270 Excelsinr Min.
03/15/46 35.7 118.0 210 Walker Pass
04/10/47 35.0 116.3 200 Manix
12/04/48 33.9 116.3 320 Desert Hot Springs
07/23/52 35.3 118.6 6. 280 Kern Co.
07/29/52 35.3 118.8 6. 290 Kern Co.
08/16/66 37.4 114.2 6. 180 So. Nevada

-16-



Table 6. Historic earthquakes occurring within the area 36° ~37°N by 115°~116°W and
having magnitudes in the range 4.0-6.0.

Approximate
Date Latitude Longitude Magnitude distance (km)
11/10/16 36. 2 116.0 — 70
03/28/34 37.3 116.6 4.5 70
03/30/34 37.7 115.3 4.9 120
03/30/34 37.17 115.3 4.0 120
03/31/34 37.7 115.3 4.0 120
04/10/36 - 37.1 115.6 4.0 60
06/10/36 . 36.6 115.5 - 60
07/28/36 .. 31.6 115.8 4.0 90
07/28/36 ' 37.86 115.8 - 90
07/28/36 37.6 115.8 4,5 90
07/28/36 37.6 . 115.8 4.0 90
11/21/39 36.5 115.0 4.0 100
03/10/40 37.5 115.0 5.0 130
03/11/40 37.0 115.0 4.5 100
04/07/40 37.0 115.0 4,5 100
05/09/40 36.2 116.2 - 70
10/12/40 37.5 _ 115.0 - 130
06/06/41 37.1 115.8 4.0 40
09/29/54 37,5 115.8 4.4 80
03/17/55 | . 36.2 © 115, 2" - 100
01/28/59 36.8 116.2 4.0 10
03/27/61 36.6 116.3 4.4 30
05/07/67 . 37.0 : 115.0 4.7 100
01/06/69 37.3 . 116.5 4.5 70
08/10/70 37.2 115.9 4.1 50
08/05/71 36. 9 116.0 4.3 155
02/19/73 36.8 115.9 4.5 20
a Massachusetts Mountain.
Ranger Mountain (Frenchman Flat).
Valley earthquake could have generated Corporation, 30 we calcnlated the maxi-
peak accelerations of 0.1 g.) -mum. ground acceleration from past
Nuclear explosions are the other events to be 0.04 g. We shall see that
source of significant ground motion all of these historic sources are much
during historic times. Using the less than the motions predicted from
prediction equations given in the manual the SSE generated for the Cane Spring

published by the Environmental Research Fault,
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Characterization of the Seismic Source and the

Properties of the Ground Motion

In the previous éection, we have con-
sidered the events occurring in historic
time and have, in a sense, established a
lower bound for peak acceleration of
0.1 g. To estimate the upper bound
required by the definition of the SSE, we
shall assume that the maximum earth-
quake will occur along an existing fault,
This is reasonable in the sense that thesc
zones of weakness are likely sites for new
earthquakes. Furthermore, il allows us
to correlate observed parameters with
prior empirical studies to establish a
The

However, we

consistent prediction process.
uncertainties are large.
do not see any reasonable alternative,

consistent with the reactor siting guide-

lines.

THE METHOD USED

Wight31 describes a process which
uses the ohserved fault length and previ-
ous studies to estimale the maximum
earthquake. Although there are a number
of uncertainties, his approach provides u
systematic method of addressing the
problem. A brief description of the proc-
ess follows. Given the total fault length,
the length of rupture is estimated at one-
half the observed fault length following
Albee and Smith. 32 Then the works of
Lieberman and Pomeroy33 and Housner34
relating the rupture length and the mag-
nitude of the earthquake are used to esti-
mate the magnitude of the SSE (see
Fig. 12 which is a modified version of

31

Wightts™ " Fig. 11). Once the magnitude

-18-

of the SSE is known, thc results of
Schnabel and Seed35

the maximum acceleration as a function of

are used to estimate

distance for a given magnitude (Fig, 13)
for distances greater than 5 km. *

For distanceé less than 5 km a different
approach is used. Some of the difficulties
involvedin making predictions atthese short
distances are discusscd in Boore and Page
and Boore. 31 In general, we shall use an
approach based on the maximum accelera-

tions observed at similar sites.

"Although the exact value used is some-
what arbitrary, the value chosen is con-
sistent with the lower limit of the distance
for standard acceleration versus distance
curves. (For an example, see Ref. 32.)

ML AL BRI IR AL N AL
. e Fault rupture length .
[ x  Aftershock zone ]
ol + Moment ]
| & Spectra
gl © Explosions K N
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Fig. 12. Earthquake magnitude as a func-
tion of rupture length along the

fault., Data is from Ref. 33 and
the curve from Ref. 34.
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The other quantity which we want to
generate is the time history of the SSE.
It can be derived from the ground motion
recorded at a comparable site or from
the spectra scaled from those provided in
Ref. 38 if the distances are greater than
5 km. Both procedures are mentioned in
Wight's report. In the event that the lat-
ter approach is used, there are standard
procedures = for generating a synthetic
seismogram having the specified response
spectrum,

Finally, some attempt must be made
to correct for the effect of soil if that is
One approach for doing this is
40,41 Wight

goes into more detail about the various

present.
that used by Seed and Idriss.
methods used. Since soil effects are
negligible in the present case, we suggest
that the interested reader check Wight's

work and his references.

HISTORICAL OBSERVATIONS OF
I.ARGE ACCELERATIONS

Since we are interested in predicting
the properties of the SSE, which, by defi-
nition, is concerned with the maximum
vibratory acceleration, it is worthwhile
to specifically examine some of the larger
accelerations that have been observed in
the western U,S, Wight does this in his
report to some extent, but the importance
of the subject makes a repetition worth-
while. In general, the value of the
observed peak acceleration has risen as
the number of strong motion instruments
Prior to 1966, the highest
ground accelerations (0.3 g) had been

has increased.

recorded during Lhe El Centro, California,
earthquake of May 18, 1946, and the Olym-
pia, Washington, earthquake of April 13,
1949, ’
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Fig. 13, Maximum acceleration as a func-
tion of distance for given magni-
tudes.

In 1966, a magnitude 5.5 earthquake
occurred on the San Andreas Fault near
It was accompa-
nied by surface breakage along approxi-
mately 32 km of the fault.
seismic stations had been emplaced in a

A number of

line across the fault at the time of the
earthquake. Properties of selected
stations in this array are given in Table 7
using data from Cloud and Perez. 42 The
immediate consequence of the N65E
measurement at Station 2 was to raise
the maximum observed peak acceleration
to 0.5 g. In addition, the missing record
from the instrument N25W took oa added
importance both because of the possibility
that it might have recorded even larger
accelerations and because the peak accel-
eration should be determined from the

vector sum of the two horizontal



Table 7. Selected station and acceleration data for the Parkfield earthquake.

Distance to

Peak

Station name fault (km) Foundation Orientation  acceleration (g)
Temblor 6.4 Alluvium N65W 0.27
vertical 0.16
S25W 0.40
2 0.1 Alluvium N65E 0.50
vertical 0.35
N25W Missing
5 5.3 Alluvium N85E 0.46
vertical 0.18
N5W 0.40

c.omponents.* An initial investigation by
Housner and '1‘rif1mac43 |
record from Station 2 indicated that the
acceleration on the component oriented
N25W was stronger thanthe 0.5 g recorded
on the component oriented N65E. This
was consistent with the fact that the fault
exhibits right lateral strike slip motion
along a trend N25° - 40°W which is nearly
parallel to the direction of motion meas-
ured by the N25°W accelerometer. Latef,
‘Trifunac and Hudson44 were able to recon-
struct the missing component using a
seismoscope record from the same area,
The reconstruction indicated that the
missing component was 25-30 % higher
than the one which had been recorded,

The combined components indicate a peak
acceleration of 0.7 to 0. 8 g rather than

the 0. 5-g maximum which is usually cited

from the examination of the N65°E record, -

‘ Although Station 2 was located on alluvium,

'pHowever, notfe that it seems to be cus-
tomary practice to use merely the largest
component of acceleration which has been
recorded, not the vector sum which rep-
resents the true maximum acceleration.
The main reasons for this appear to be
related to matters of convenience and
have little or no technical justification.

-920-

using a seismoscope -

have been put forward,

there are indications42 that soil amplifi-
cation effects are negligible in the period
range of interest. ,
Further support to these values of high
ground acceleration was provided by the
record made by the accelerometer at
Pacoima Dam during the San Fernando,
California earthquake (magnitude 6.6) of
February 9, 1971.

was about 4 km from the surface rupture

The recording site

associated with motion on the Tujunga
Thrust Fault,
15 km in length and the dam is located
The
topography is quite rugged and the accel-
erometer was located on a rocky spine ‘

The surface rupture is about

at about the center ol the rupture,

extending out into the valley containing the
Pocoima Dam, During the earthquake,
several cycles of acceleration in the range
0.6 - 0.7 g were observed early in the
record and one peak of 1, 25 g was ob-
served on each component later in the
record (see Fig. 14).44 From the vector
seum of the components, we conclude that
the site was subjected to peak accelera-
tions similar to 1 g early in the disturb-
ance and as high as 1.6 g later. Several
explanations of these high accelerations

These involve
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Fig. 14. Scaled and suggested horizontal response spectra for Area 410 seismic safety

analysis,
effects duc to a cuiubination of localized - They oBtain reductions in péak acceleration
rupture effects and low attenuation in the from 1.25 g to 0.73 and 0.40 g, respec-
hard rock material at the site45 and site tively, as a result of filtering and cor-
topogra\phy.“’_48 Two of the latter arti- rection for the topography. The other

cles, Refs. 46 and 48, are based on numer- a.rticle41 used measurements made at the

ical modeling of the area around the dam., damsite and surrounding areas for eight
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aftershocks to compute empirical topo-
graphic corrections. These gave reduc-
tions in the peak g-levels of the components
frorﬁ 1.25t00.89 gor 0.76 g depending
on the component. 'Because of the uncer-
tainties in the numerical modeling involved
in the other two studies, we tend to give
greater weight to this empirical investiga-
tion. We use an average reduction factor
of 0.65 to correct for the topographic
amplification of the vector sum. This
gives a corrected peak vector acceleration
of 1.0 g.

In addition to the observational evi-
-dence, a number of "order of magnitude"

49, 50 indicate that there is no

calculations
theoretical reason why peak accelerations

Further-
24, 36, 37, 51

greater than 1 g cannot occur.
more, a number of references
indicate that the behavior of the near fault
region (2-5 km) cannot be described by an
extrapolation of curves based on data from
distances greater than 5 km. Also, these
references indicate that there is only a
rough correlation of peak acceleration
with either magnitude or geology in the
tault reglun, Theoe oonclusinns are in
agreement with the intuitive feeling that
the peak close-in effects should depend on
such things as the shear strength of the
material, the stress drop, the attenuation,
and the nature of the fracture zone., Fur-
ther, we expect the effects of fault geome-
trv to be important at short distances.

In summary, we have the following
observational evidence regarding the
ground motion al sites less than 5 km from
the fault zone:

e Single peaks as high as 1.6 g have been
recorded in the vector ground accelera-
tions in areas with large topographic

relief. Even after applying an empiri-

cal correction factor of 0.65 on the
basis of observations made by Mickey,
Perez, and Cloud, 47 we have a cor-
rected, vector ground acceleration
with a peak of 1.0 g.

e Vector ground accelerations with single
peaks near 0.8 g have been observed in
less rugged areas. '

e The component peak acceleration at _
short distances is only roughly corre-
lated with the magnitude of the earth-
quake. 4

e Predictions for distances less than 5 km
cannot be made on the basis of curves
constructed from measurements made

at larger distances.
THE SAFE SHUTDOWN EARTHQUAKE

Recognizing the many uncertainties
inherent in the process, we can now use
the prediction process outlined in the pre-
ceding sections and the cited references
to obtuin an estimate of the peak accelera-
tions and the safe shutdown earthquake for
Area 410 at NTS. In Table 8, we list the
various faults which have been identified
out to a distance of 320 km and give vari-
ous observed and derived proper’cies.52_55
As previously discussed, we have consid-
ered all of the faults in the immediate area
to be active. Since all of the buildings of
interest are within less than 2 km of each
other, we have used a single distance to
the laulls for all of the buildings. Tn gen-
eral, the magnitudes were computed by
the method described previously, The
Owens Valley, the Cane Spring, and the
Massachusetts Mountain - Cane Spring
Complex values are exceptions to this.
For the Owen's Valley result, we used the

historically observed magnitude of 8.3
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Table 8. Observed and derived prdperties of major faults within 320 km of Area 410 at NTS.

Distance  IL.ength of Maximum Past dis- Peak
to fault fault rupture placement acceleration
Fault (km) {km) length (km) (km) Magnitude (g)b Remarks
Cane Spring 0.2 16-18 8-9 1.6-4.8 5.8 0.9%5  One'of a series of left-
lateral in echelon faults
associated with I.as Vegas
Shear Zone.
Massachusetts 9.0 1.6-3 0.8-4 1.6 5.3 0.2 A series of NE and NW
Mountain ' striking faults. Possible
extension of the Cané Spring
Fault. Massachusetts -
Mountain earthquake
(mag 4. 3) occurred 8/5/71
Massachusetts near junction with Cane
Mountain Spring.
plus
Cane 3pring 0.2 18-26 9-13 1.6-4.8 6.1 0.9° This gives an estimate of
the combined system, 9
Yucca 14 24-32 12-16 0.2 6.5 0.4 A right laterial fault with
some vertical displacement. 5
I.as Vegas 16 130 65 64 7.0 0.5 Major regional feature
with right lateral slip. 5,15
Furnace Creek- 64 300 150 80 7.5 0.2 Recent movement on some
Death Valley associated faults. 8.
Garlock 130 240 120 20 7.4 0.05 Active slip movement
: during recent times. 53, 54
Owens Valley 160 180 90 8. Sd 0.1 Large earthquake associ-
ated with fault in 1872.
White Wolf 260 70 35 3 7.2 <0.05 Reverse fault. Recent
(vertical) earthquake activity.
San Andreas 310 960 480 105-560 8.2 <0.05 Ref. 55.

8Estimated from Fig. 12 and the maximum rupture l2ngth unless otherwise noted.

bEstimated from Fig. 13, the magnitude and the distance unless otherwise noted.

CEstimated from Pacoima Dam and Parkfield spectra suitably scaled.

dyy. . .
Historic maximum. -



associated with the 1872 earthquake and
calculated the acceleration from Fig. 13.

We can expect that the ground motion
appropriate for sites near the Cane Spring
Fault and the Massachusetts Mountain —
Cane Spring Complex Fault could be as
great as that experienced at sites near the
San Fernando and Parkfield earthquakes,
These had corrected peak vector accelera-
tions of 1.0 g and 0. 8 g, respectively.
However, the earthquake magnitude for the
Cane Spring Fault (5.8-6.1) is intermedi-
ate to those of the San Fernando (magni-
tude 6.6) and Parkfield (magnitude 5. 5)
earthquakes. Therefore, we choose the
intermediate value of 0.9 g as being appro-
priate for the peak acceleration to be
associated with the SSE occurring on these
faults.

Finally, we are left with the problem
of determining the response spectra to
be used for the SSE.
fect of attenuation suggests that two dif-

In general, the ef-

ferent response spectra be generated.
One, for close-in earthqﬁakes of moderate
size, would be rich in high-frequency
components, The vilier, for vory large,
distant earthquakes, would be relatively
rich in low-frequency components. How-
ever, in the present case, the effects of
the large earthquakes at distance are
secondary to those of the projected mag-
‘nitude 5. 8-6.1 earthquake on the Cane
Spring - Massachusetts Mountain Faults.
Therefore, we will use the spectra devel-
oped for these faults with proper scaling
as described below,

In Fig. 14, we give thc horizontal

response spectrum estimated for Area 410.

The response spectrum is the envelope of
the two components of the Pacoima Dam
records (Fig. 15), the Sun Fernando

~-24-

earthquake, and the N65°E component of
the Station 2 record for the Parkfield
earthquake (Fig. 16), all scaled to 0.9 g.
Data were obtained from Refs. 56 and 31,
respectively.

Although the spectrum is reasonable in
view of the accepted engineering practice
[compare, for example, a curve (not
shown) constructed for 0.7 g by the meth-
ods of Refs. 38 and 57], we believe that
present practice places undue emphasis
on the zero period value in the spectrum.
At one point we considered scaling on the
basis of the average of the highest of four
peak accelerations. This approach has
the merit of reducing the emphasis placed
on a single peak (see Ref. 35, for some
comments on the dependence of spectra on
single peaks). It gave spectra which were
about 10% higher and gave closer agree-
ment between the Parkfield and Pacoima
Dam spectra. However, since we consider
10% variation to be within the uncertainty
of the present curve, since thc preseni
curve corresponds to accepted practice,
and since we are not in a position to justify
a new approach at this time (although we
bhelieve a new approach should be devel-
oped), we present the results of Fig., 14.

To obtain an estimate of the response
spectrum for the vertical displacement,
we suggest the procedure relating the
horizontal and vertical spcctra given in
Ref. 38.
cal response speclra valuog are iwn-thirds

In general, the suggested verti-

those of the horizontal spectra for periods
greater than 4 s; for periods less than
0. 3 s,they are the same; and for pcriods
between 0.3 and 4 s, the ratio varies
from two-thirds to one,

The values for the Operating Basis

Farthquake are strictly speaking the
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purpose of determination of the seismic
motion. However, the presence of such

a layer of alluvium is of possible impor-
tance in the interaction of the soil and the
foundation. .

Finally, we consider the relative dis-
placements to which the buildings might
be subjected by faulting. The Cane Spring
Fault is an obvious zone of weakness in
the earth's crust and the whole area must
be considered to be subject to significant
tectonic stress and to be in a zone of con-

tinuing seismic activity. 5,6 Faulting

.horizontal displacement.

associated with this zone of weakness
could occur anywhere along a broad zone
including the region occupied by the build-
ings of interest. Using the results of
Chinnery, 58 we find a relative displace-
ment of 0.2-0.5 m (at the +1o level)
across the fault trace for an earthquake
of magnitude 5.8-6.1. This is less
than the 1-2 m value considered.
reasonable by Ekren, 23 The corre-
sponding vertical displacement is

estimated to be about one-third of the
22

Summary

In response to the ERDA request that
critical buildings in Area 410 at NTS be
evaluated in a safety analysis report, we
conducted a geological and seismological
investigation of the area. We considered
those factors necessary to meet the
requirements of Sec. 2.5 of the ERDA
~standard guidelines. 24

In particular, we reviewed the regional
and local geology at the slle, identified
potential seismic sources, estimated the
peak acceleration and SSE characteristics
approprate far the hedrock and shallow
alluvium locations of the buildings, and
cstimated the peak relative displacement.
Becausc of the size and proximity of the

Cane Spring Fault, we arrived at a pre-

diction of a peak acceleration of 0.9 g for
the site. The corresponding response
spectrum for the SSE is given in Fig. 14.
The primary bases for these conclusions
were the requirement that maximum
values were to be predicted and the fact
that values of peak acceleration of this
size have, in fact, been observed. The
response spectrum was determined

from the envelope of records from the
San Fernando and Parkfield earthquakes,
suitably scaled. Finally, a maximum
relative displacement across the Cane
Spring Fault of 0.2 to 0.5 m wasg
estimated as being appropriate for the
site on the basis of a magnitude 5. 8-6.1

earthquake.
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DIFFUSION CLIMATOLOGY FOR HYPOTHETICAL .ACCIDENTS
' IN AREA 410 OF THE NEVADA TEST SITE

Abstract

The regional climate around the
Nevada Test Site (NTS) is described.
Then the spéqific climate of the NTS
and Lawrence Liverﬁore.Laboratory's
Area 410 is described, based mainly
on observations of winds at 10 m
above ground made during 1968 near
the Super Kukla reactor. Emphasis is
placed ‘on the wind direction and
speed and the atmospheric stability
in Area 410. Included are estimates
of the fastest winds expected in
tornadoes and severe thunderstorms.

Three accident scenarios in Area
dispersal of 1 kg
of Pu-239 from explosion of 68 kg
(150 pounds) of high explosives,
release of gross fi;sion products

from a lO19 fissions accident result-

critical mass, and accidental detona-
tion of a 100-ton fission primary.

An Instantaneous Point Source
(IPS) code was developed at Lawrence
Livermore Laboratory and is explained.
The IPS code estimates concentrations
in the surface air of radioactive
particles that have negligible
settling rates (have a radius less
than 5 um). For each accident,
this code calculated and plotted con-
tour maps that show the estimated
exposures of the area to radioactive
particles from the explosion. The
code calculated two types of cexposure
maps: one based on arithmetically
averaged, integrated exposures and

the other based on exposure limits

that would be exceeded 5% of the

ing from inadvertant formation of a time.
Introduction
This report describes the Site.” This area, staffed by LLL

climatology of the Nevada Test Site
and gives normalized, integrated
estimates of surface gir concentra-
tions of the small particles (less
than 5-pm radius) that might be
released to the atmosphere by the
three more probable accident

senarios at Area 410, Nevada Test

personnel, contains the Laboratory's
assembly buildings for nuclear devices
thial are developed in Livermore and
sent to Area 410 prior to testing.

This document is an adaptation

" of a memorandum prepared by the

author for use in formulating the

meteorological portion of a Safety



Analysis Report (SAR) on Area 410.
The purpose of this document is
twofold: (1) to be included as an

appendix to the SAR, and (2) to serve

as an informative document to
atmospheric~diffusion meteorologists
and others who may not wish to

receive the entire SAR.

. Regional Meteorology Around the Nevada Test Site

GENERAL CL1MATE

NTS is located in the southern
Nevada desert. This region is one of
the most arid in the entire United
States. Figure 1 shows the average
annual rainfall for NTS and
surrounding areas. Figure 2l shows
the average monthly precipitation for
selected areas near NTS. The 1962
to 1971 monthly averages and extremes
of precipitation for Yucca Flat at
NTS, 18 km NE of Area 410, are shown
in Fig. 3. The annual surface-water
evaporation rate is many times greater
than the rainfall in the region. No
large bodies of surface water exist
over the entire region, with the
exception of Lake Mead,.a man-made
reservoir.

In the winter, the primary cause
of the arid nature of the region is
the so-called "rain shadow'" caused
by the Sierra Nevada Mountains,
which make the eastward-moving Pacific
storms lose their moisture on the
upwind, western slopes. Low-pressure
centers generally approacﬁ from ﬁhe
southwest to northwest, usually

passing to the north of NTS. On the

average, a storm system passes about

once every 7 to 10 days during the
winter.

In the summer, Pacific storms do
not affect southern Nevada, but
moisture sometimes comes from the
Gulf of Mewico or the Gulf of
California. This moisture falls
primarily in isolated convective
storms, which can be intense over a
few square kilometres. There may be
large variations in precipitation
withinvthe storm's area.

The extent of summer showers
ovetr southern Nevada dependo
priwarily on the penetration nf the
south winds. Thus, precipitation
teuds Ltu diminish to tha nerth,

On rare occasions, tropical storms
occurring off the west coast of
Mexicou in late gummor and fall will
move northward, bringing heavy and
widespread precipitation to sovuthern

Nevada.

SEVERE WEATHELR

Thunderstorms and dust devils
are common occurrences at the Nevada
Test Site. Tornadoes have never been
observed at NTS, but a few have

occurred within 250 km. McDonald,



ks 116> 15°
4 41 % ; | X | b
2 s 10
38 o 108
37
Annucl
precigitation — in.
¥ Less than 4
EZ316 to 20
20 to 24
Scale
36° 0 12 24 miles
] | | Al |
117° 116° T5:

36°

Fig. 1. Mean annual precipitation of Nevada Test Site and vicinity. Based on a map by
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Fig. 2. Normal monthly precipitation in millimetres and inches at several

points near NTS (1931-1960).

Minor, and Mehta2 have used commonly
accepted statistical techniques to
estimate extreme winds from severe
weather conditions. They suggest a
maximum-design wind speed for NTS
from tornadoes of 28 m/s (63 mph),
with a recurrence interval of 106
years. Their extreme '"straight line"
design wind speed -- occurring in
other meteorological phenomena, such
as thunderstorms -- is 94 m/s (210

mph) for the same recurrence interval.

AIR-POLLUTION POTENTIAL AT NTS

A study of atmospheric stability
conditions in the region indicates
conditions are stable very rarely
(less than 5% of the time, on an
annual basis). Therefore, any
locally generated pollution will be
readily mixed with the ambient air,
resulting in lower pollutant
concentrations at the site's boundary

than would occur in most other

locations within the United States.
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Fig. 3. Precipitation at Yucca Flat in NTS, 1962-71. Least monthly
precipitation was less than 0.51 mm (0.02 in.) for all months.
Local Meteorology of the Nevada Test Site and Area 410
STATION SUMMARY o is the only continuously manned
, weather station that has been in
The climate of Area 410 is operation at NTS for 10 years. The
essentially the same as that of data reported in Table 1 are fairly
surrounding regions. Table 1 gives typical of NTS averages, although
the weather summary for the years differences arise due to local
1962 through 1971 for the Yucca topography.-
Weather Station at NTS. Figure 3 The only significant difference

shows the average, greatest, and .least ~ between the weather at Area 410 and
monthly precipitation at Yucca Flat that of surrounding area is the

during the same 10-year period. Yucca greater rainfall due to elevation.

~5-



Table 1. Climatological summzry (1962-1971) of Yucca Flat, Nevada — Nevada Test Site (latitude 36°57'N,

longitude 116°03'W, elevation 3,924 ft).
North Carolina.

Data from National Climztic Center, Asheville,

Jan Feb Mar Apr May Jun

Jul Alg Sep Oct  Nov  Dec

Ann.

Temperature, °F

Averages
Daily maximum
Daily minimum
Monthly

Extremes
Highest

(yr)

Lowest
(yr)

Degree days (base 65°)

Heating
Cooling

Precipitation, in.

Average

Greatest monthly

(yr) ..

Least monthly
(yr)

Greatest daily
(yr)

52.1 56.7 60.9 67.8 78.9 87.6
20,8 25.8 27.7 34.4 43.5 49.9
36.5 41.3 44.3 51.1 61.2 68.8

73 77 87 89 97 107
(1971>(1963) (1966) (1962) (1967) (1970)

-2 5 9 13 25 29
(1970)(1971) (1969) (1966) (1967) (1971)
# # .

877 662 634 411 147 35
0 0 o) 1 38 154

.53 .84 .29 .45 .24 .21
4.02 3.55 .60 2.57 1.62 1.13
{1969)(1969) (1969) (1965) (1971) (1969)

T T .02 T T T

{1971)(1967) {1966) (1962) (1970) (1971)
# # 3
1.25 1.16 .38 1.08 .86 .45

{1969)(1969) {1969) (1965) (1971) (1969)

96.1 9.0 86.4 76.1 61.8 50.7
57.0 5&.1 46.7 36.9 27.6 19.9
76.6 76.6 66.5 56.5 44.7 35.3

+
107 107 105 94 82 70
(1967) (1570) €1971) (1964) (1962) (1964)

40 39 25 12 13 -14
(1964) (1568) (1971) (1971) (1966) (1967)

#

0 1 51 266 602 914
366 =68 103 9 0 0

.52 .34 .68 .13 .71 .79
1.34 1.04 2.38. .45 3.02 2.66
(1966) (1565) ¢1969) (1969) (1965) (1965)

0 0 0 0 0 T

(1963) (1662) 11968) (1967) (1962) (1969)

# # #
AT .35 2.13 .42 1,10 1.31
(1969) (1$71) ¢1969) (1969) (1970) (1965)
#

72.5
37.4
54.9

Aug
1970¢#
107
Dec

1967
-14

4600
1039

5.73
4.02
Jan
1969
Sep
1968%#

12,13

Sep
1969



Table 1, continued.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann
Snow :

Average 0.9 1.9 2.0 0.7 0 0 - 0 0 0 0 0.5 2.3 8.3
Greatest monthly 4.3 17.4 7.5 3.0 T 0 0 0 0 T 4.8 9.9 17.4
(yr) (1962) (1969) (1969) (1964) (1964) (1971) (1964) (1971) Feb

: . . 1969
Greatest daily 4.3 6.2 4.5 3.0 T 0 0 0 0 T 2.3 7.4 7.4
(yr) ‘ (1962) (1969) (1969) (1964) (1964) (1971) (1964) (1971) Dec
A 1971
Relative humidity, %
Hour (Pacific Standard Time)
04 67 67 58 52 46 39 40 44 43 46 61 68 53
10 49 45 31 27 22 . 19 20 23 21 24 39 50 31
16 35 32 23 21 17 14 15 16 17 19 31 41 23
22 60 56 44 38 31 26 28 30 32 36 52 64 41
Wind, mpa®
Average speed . 6.6 6.9 8.4 9.1 &3 7.9 7.5 6.7 7.0 6.8 6.1 6.6, 7.4
Peak speed 58 52 55 60+ 60+ 60+ 55 60+ 52 60 51 53 60+
(yr) (1965) (1967) (1971) (1970) (1967) (1967) (1971) (1968) (1970) (1971) (1970) (1970) - Apr
# 1970#
Resultant, Dir/Sp
23-02 PST 233/ 275/ 240/ 250/ 260/ 272/ 278/ 222/ 281/ 286/ 234/ 288/ —
0.7 1.1 1.8 2.2 1.5 1.9 0.9 1.5 1.3 1.3 1.2 1.9
11-14 PST 135/ 118/ 186/ 198/ 179/ 185/ 185/ 182/ 163/ 138/ 152/ 109/ —
2.6 2.7 4.5 5.1 7.2 8.2 12,0 12.0 6.4 3.7 4.1 1.0
Station pressure, in.
Averages 26.10 26.05 25.99 25.96 25:94 25.92 26.00 26.00 26.00 26.06 26.08 26.07 26.01
Highest 26.54 26.42 26.43 26.39 26.39 26.20 26.19 26.22 26.36 26.40 26.58 26.59 26.59
Lowest 0 25.42 25,56 25.48 25.50 25.47 25.56 25.68 25.71 25.56 25.52 25.64 25.49 25.42
Average sky cover, ~ ‘
sunrise to sunset 4.9 5.0 4.8 4.5 4.3 3.0 3.0 3.0 2.1 2.9 4.8 4.6 3.9



Table 1, continued.

Jan F=b Mzr Apr May Jun Jul  Aug Sep Oct Nov Dec . Ann.
Average number of days
Sunrise to sunset .
Clear 13 1z 12 13 14 19 19 20 22 20 13 14 190
Partly cloudy 8 8 9 9 11 7 9 8 6 7 7 8 97
Clcudy 10 9 10 8 6 4 3 3 2 4 10 9 78
Precipitation
.01 inch or more 2 3 3 3 2 2 3 3 2 1 3 3 30
.10 inch or more 1 2 1 1 1 1 2 1 1 1 2 1 14
.50 inch or more * * 0 * * 0 A 0 1 0 * 1 3
1.00 inch or more * * 0 * 0 0 0 0 * 0 * * 1
1.0 inch. or more of snow #* 1 1 * 0 0 0 0 0 0 * 1 3
Thunderstorms * 0] 1 1 1 2 4 4 2 * * * 14
Temperature
Maximum
90°F or more ' 0 0 0 "0 4 14 29 27 11 2 0 87
32°F or less 1 * 0 0 0 0 0 0 0 0 0 1 2
Minimum
32°F or less 29 23 24 12 2 * 0 0 1 9 23 29 152
0°F or less * 0 0 0 0 0 0 0 0 0 - 0 1 3

* One or more occurrences during the period of record but average less than 0.5 day.
# Most recent of mul:ziple occurrences.

+ Peak speed exceeded the upper limit of the analog recorder.

-

T Trace, an amount too small to measure.

(a)Average and peak speed are for the period starting with December 1964, The direction and magnitude of the
resultant wind are from a summary covering the period December 1964 through May 1969.

(b)Sky cover is expressed in the range from O for no clouds to 10 when the sky is completely covered with
clouds. Clear, partly cloudy and cloudy are defined as average daytime cloudiness of 0-3, 4-7 and
8-10 tenths, respectively.



Figure 42 shows the way in which
rainfall increases with elevation for
the regién around NTS. Data collected
from stations at NTS agree quite
closely with the plot of average
'behavior shown in Fig. 4. Figure 53
shows the predicted rainfall for
storms of return -periods varying

from 1.1 to 1000 years. These

curves are based on extreme value
theory; the data represent average

behavior for the NTS afea.v

WINDS

Table 23 is a summary of wind
data collected at Area 410 during-
1964-1968. The recording equipment
was_unable to measure speeds in
excess of 27 m/s (60 mph). However
it should be noted. that only two

observations of winds greater than

bd

17 m/s (39 mph) were observed. Table

2 v
3”7 shows the maximum wind velocities

to be expected in the area of NTS.

100

Annual precipatation — mm

= | I | I |

| ) l ] | 1

0 2 4

6 8 10

Elevation — thousands of feet

Fig. 4. TLog-linear relationship between normal annual precipitation and
elevation in southern Nevada (1931-1960). ‘

-9

Annual precipitction — in.
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Fig. 5. Probability of precipitation lasting from 5 min to 24 h at NTS.

Table 2. Breakdown of wind-speed observations for Area 410, 1964-68 at 9.1 m
above ground. Data from Ref. 3. ' -

Spead range

m/s mph Percent of observations
0.5- 2.0 1- 4 16.0
2.1- 4.2 5- 9 44.5
4.3- 6.5 10-14 24,8
6.6- 8.7 15-19 9.3
8.8-13.2 20-29 . 4.1
13.3-17.7 30-39 ' 0.4
17.8-22.1. 40-49 <0.01%
>22.2 >50 <0.01°

a .
Three observations.
b ,
One observation.

-10-



Table 3.

Extreme winds expected at NTS at 9.1 m (30 ft) above surface.

VFastesta Gust

Return
period, yr mph m/sec mph m/s
2 48 21 62 28
5 55 25 72 32
10 61 27 79 35
50 75 34 97 43
100 .82 37 107 48

@ppproximately l-min average wind.

Wind directions and speeds, as
well as stability categories were
averaged over half-hour intervals for
the entire period from January
through December, 1968. The measure-
ments were taken near the Supér Kukla
reactor building at 10 m above the
ground. To study seasonal effects,
these data were divided into winter
(October through February) and
summer (March through Sepﬁgmber)
seasons.* '

The percentage frequencies of .
wind directions and average speeds
are given in Table 4. 1In general,
the strongest winds blow toward the
north through east; the weakest winds
blow toward the west through north.

The winter and summer winds are

.remarkably similar in speed and

~ traces made during 1968.

average about 4 m/s [or all directions.

*#This breakdown of seasons was hased
on the aflternoon resultant wiud
speeds shown in Table 1.

C-11-

The frequencies vary more with
direction than do the speeds. The
annual frequencies show a double
maximum -- in the directions toward
north through east and toward éoufh
through west. The seasonal
frequencies show a single maximum --
in the directions toward south
through west for winter, and toward

north through east for summer.

ATMOSPHERIC STABILITY

Atmospheric stability was
estimated from the wind-direction
‘ The method
outlined by Slade4 was used to deter-
mine these (Pasquill-Gifford)
stabilities. A description of these
stability categories is given in
Table 5. Table 6 shows the annual
percentage frequencies and those for

both seasons. The outstanding

feature of this table is the relatively



Table 4.

Frequencies and average speeds vs direction for winds in Area 410,

1968 data.
Annual Winter Summer
Direction -

toward which Frequency, Av Speed, Frequency, Av Speed, Frequency, Av Speed,

wind blows % m/s % m/s % m/s
N 9.7 5.07 6.0 4.58 12.3 5.24
NNE 12.4 4.90 6.0 4.76 16.9 4.94
NE 8.9 4.25 5.4 4.90 11.4 4.03
ENE 10.3 3.76 6.9 5.16 12.7 . 3.22
E 5.7 3.11 3.3 3.96 7.3 2.84
ESE 3.6 3.28 2.9 3.72 4.1 3.07
SE 2.9 2.95 3.1 3.55 2.8 . 2.50
SSE 4.6 3.43 5.5 3.96 4.0 2.91
S 9.2 4.11 10.4 3.97 8.3 4.23
SSW 11.2 3.78 15.2 3.54 8.4 4.09
SW 10.5 3.61 18.0 3.83 5.2 3.08
WSW 5.0 4.15 10.3 4.46 1.3 2,40
W 0.8 5.10 2.0 5.14 0.1 - 1.90
WNW 0.4 2.64 0.4 2.50 0.4 2.73
NW 1.5 2.77 1.6 2.98 1.5 2.61
NNW 3.3 3.27 3.2 3.44 3.3 3.15
A1l ‘

directions 100.0 3.99 100.0 4,11

-100.0 3.91

low frequency of stable conditions
(E and F).* There appears to be no
significant seasonal variatiom.
Finally, the unstable categories

(A, B and C) account for about three-

*Qther researchers, e.g., J. B. Knox
(in a personal communication), have
noted a tendency for a systematic
bias, favoring more unstable
categories, when the AB-method is
used with strip charts of wind
direction.

fourths of all observations. This
is a‘desirable feature since an
unstablée atmosphere will mix and
dilute effluents more rapidly than at
.a site where neutral (D) and stable
(E and F) éategories predominate.

' Tabular wind roses, classed by
stability category, wind direction,
and wind-speed range are given in

Tables 7, 8, and 9 for annual,

winter, and summer periods,

-12-



respectively. Note that the total ° category is the percentage of time
of directional and wind-speed . that particular stability occurred;

frequencies for a given stability these totals agree with the values

Table 5. Description of atmospheric stability categories (Pasquill-Gifford).

Angular spread

Degree of of wind direction
Category . stability . (30-min period) Description
A Extremely unstable 150° . Rapid mixing; usually
" occurs on hot after-
noons.
B Moderately 120° Moderate mixing;
unstable usually occurs on warm
' ) days.
C Slightly unstable 90° Usually occurs in
- ‘ daytime.
D Neutral stability 60° ’ Occurs day or night,
' often during overcast
skies. '
E Slightly stable 30° Slow dilution; can
' occur day or night.
F ‘ Moderately stable 15° Very slow dilution;

occurs at night with
clear skies. :

Table 6., Percentage frequency of stability categories at Area 410.

Frequency, %

Stability category Annual Winter (Oct-Feb)  Summer (Mar-Sept)
A 27.5 . - 29.6 26.1 .
B 7.1 15.6 18.2
c 26.9 28.2- 26.3
D | 23.7 21.8 25.2
E 4.3 N 4.2
F 0.3 - 0.6 0.2

- =13~
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Table 7. Annual frequencies of winds.

Frequency, 7%

Direction toward
which the For winds having speeds (in m/s) of: Totals by Av
wind blows 0.5-2.0 2.1-3.5 3.6-5.5 5.6-9.0 9.1-12.0 >12 direction speed

Stability Category A

N 0.47 0.98 - 0.61 0.17 - 0.0 0. 2.23 3.30
NNE 0.34 0.88 1.24 0.53 0.02 0. 3.01 4.19
NE 0.48 0.67 0.84 "0.26 0.0 0. 2.25 1.64
ENE 0.44 0.41 0.57 0.47 0.14 0.01 2.04 4.58
E 0.35 0.53 0.38 0.15 0. 0.0 1.41 3.37
ESE 0.51 0.33 0.39 0.14 0. 0.0 1.37 3.18
SE 0.74 0.35 0.31 0.16 0.0 0.0 1.56 2.87
SSE 0.55 0.32 0.44 ©0.13 0.03 0.0 1.47 3.30
S 0.71 0.31 0.40 0.36 0.02 0.0 1.80 3.56
SSW 0.50 0.75 0.73 . 0.60 0.01 0.0 2.59 4.07
SW 0.38 1.0 0.88 0.70 0.09 0.01 3.06 441
WSW 0.25 .0.99 0.94 _0.53 0.16 0.05 2.81 4.75
W 0.02 0.19 0.33 0.19 0.06 0.0 0.78 5.19
WNW 0.02 0.02 0.0 0.0 0.0 0.0 0.04 2.03
NW 0.07 0.09. 0.07 0.0 0.0 0.0 0.23 2.86
NNW 0.25 0.49 0.12 0.03 0.0 0.0 0.89 2

.75

Total " 6.08 . 8.19 8.25 4,42 0.53 0.07 27.54 3.88
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Table 7, continued.

NNE
NE

" ENE

ESE
SE
SSE

SSwW

- SW

WSW
NW
NNW

Total

NNE
NE
ENE

O © 0O 00000 o0 o0 o o0 o o

o O O O o

.20
.29
.12
.17
.12
.23
.24
.11
.62
.87
.31
.01
.11
.34

.74

.19
.21
.18
.34
.19

O O O O 0O O O 0O O O o O O O

o +H O O O

.53
.47
.28
.23
.07
.09
.03
.12
.35
.80
.60
.06
.25
.51

.39

.49
.76
.64
.11
.30

Stability Category B

.37
.49
.10
.10
.05
.06

.32
.62
.47
.03
.10
.28

O O O O O O O O O O o ©o += O

4.89

T4

.16,

.67
.06
.39
.07
.09
.09
.02
.10
.31
.72
.32
.0

.01
.12

O O O O O O O O O O o O +H o

3.97

Stability Category C

0.93
1.14
0.95

0.65 .

0.26

0.94
1.74
0.59
0.26
0.07

o O O O O O O O O O o O o o

o O O O O

.03
.02
.01

c O O O O ©O O O O O ©. 0 ©o o

O O O O © O O O O O

o O O © O

o
N

.06
.06
.03
.04

N
~l

o NN OB W

O O O W H O O O © O H W N

.14

.73
.08
.46
.46
.82

W N O W W Ww &N W WWS&~ & &~

w w ~ U O

.08

.19
.63
.81 .
.91
.38
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Table 7, continued.

ESE -
SE
SSE

SSW

Sw
WSW

NNW

Total

NE
ENE

ESE
SE
SSE

O O O O O O O O ©

O O O O O O O O © o ©o

.19
.23
b4
.52
.93
.98
.14

.03
.22
.19

.88

.04
.14
.26
.64
.53
.14
11
.36
24

C O O 0 B N B O O

O O O O O B O O O O, o

.21
.05
.17
.52
.87
.20
.24

.06
.23
.28

.13

11
47
.01
.48
.04
.32
.12
.36
.55

.14
.13
.24
.82
.75
.77
.10

O O O O O O O O O o o

7.23

Stability Category D

6

o O O O O O O O o o ©

.06
.05
.11
.60
.55
.35
.09

.0
.01

.18

.60

0.32-

0.64
0.90
1.31
0.25
0.24
0.11
0.35
0.83

O © O O O ©O.0o o o©°o

.66
.58
.54
.35
.13
.13
.06
.18
.85

O O O O O O O o o o ©

O O 0o O O o o o o

.01
.02
.02
.09
.15
.05

.02

.88

.24
.10
.07
.01
.05
.03

.01
.09

©C O O O O O O O © o ©

o O O O O O O o ©

O O O O O O O O O ©

-
O

N H O O N & N N -

]
(o))

O O O O O W W N .0 ©

.61
.48
.98
.55
.25
.35
.57

.09
.56
.92

.91

.39
.04
.81
.83
.00
.86
.40
.26
.56

w w &~ U o

V] (o

[We)

SR NN O W W W W oW W

.29
.32
.20
.38
.88
.33
A

.28
.58
.00

.43

.81
.56
41
.51
.09
.99
.53
.55
.99



_L'[_

Table 7, continued.

SSW
SW
WSW

WNW
NW
NNW

Total

NNE
NE
ENE

ESE
SE
SSE

Scw
Sw
WSW

O O O O O O 0O O O o o o o

o O O O O O o

.58
.65
.21

.06
.07
.04

.07

.01

.01
.09
.20
.01
.03
.02
.12
.10
.11
.03
.01

O O O O O C© o

O O O O O O O O O O o o o

.51
.77
.57
.01
.06
.11
.03

.52

0.22

0.25 .

0.20
0.0

0.05
0.03
0.05

5.75

.43
.19
.21
.0

.03
.04
.09

o o O 0o o o o

4.47

Stability Category E

.02
.0

.05
.01
.11
.04
.05
.14
.25
.05
0.07
0.09
0.0

o O O O O O o o ©

o

O O O O O O O © O O o o o©
o
=

.02

O O O O O O O O O O o o o
O O O O O O O O O O

o O O O O O O

o O O
P

O O O O 0O O 0O 0 O 0 O O O

O O O O O O o

O O O O O o O o o o

o O O
—

O O O O K

23.

S O O O O O O O - O O O O

.80
.92
.20
.01
.20
.25
.21

74

.05
.03
.09
.31
.05
.27
11
.36
.66
.51
.40
.34
.01

£ W LN W W

[ e ST S R WU R S O R U I " - \C R )

.85

21
.71
.80
.45
.30
.85

.15

.99
.80
.46
.55
.82
.50
.58
.14
.93
.17
.00
.32
.25
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Table 7, continued.

NNW

Total

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WSW

"NNW

Total

0.03
0.01
0.0

0.78

0.01
0.0

0.0L

0.0
0.0
0.0
0.0
0.01
0.0
0.02
0.02
0.0

0.01

0.0

0.0

0.0

0.0&

O O O O O 0o 0 O O O 0o o0 o o o o

.01
.02

.96

.01
.01
.01
.02

0.0
0.02
0.0

0.90

Stability Category F

0.
0.
0.

0.

0
0
0

62

0.01
0.0
0.0
0.01
0.0
0.0
0.0
0.0
0.0
0.0
0.01
0.0
0.0
- 0.0
0.0
0.0

0.03

o

o

o 0O 0 0O 0 0 0 0 0 0 00 O O O O

O O O o0 0 © o ©

.01

o O O
-

o
s

o O o

O O O O O O O O OO O O O O o O o
OO O O O O O O O O O o O o o o o

.01

O O O O O ©O O O © O O o o o o o

.04
.03
.02

.28

.02
.01
.02
.05
.01
.02

.03
.02
.04
.07

.01

.30

N N NN NN

(s}

[sm]

LY QO HON LN AN

.64
.45
.80

.58

.90
.30
.03
.80
.80
.80

.37
.30
.15

.61

.25

.35




Table 8. Winter (Oct-Feb) frequencies of winds.

Frequency, 7%

Direction toward
which the : For winds having speeds (in m/s) of: S Totals by Av
wind blows 0.5-2.0 2.1-3.5 .3.6-5.5 5.6-9.0 - 9.1-12.0 > 12 direction speed

Stability Category A

N 0.56 0.38 - 0.10 0.20 0.0 0. 1.24 2.97
 NNE 0.43 0.38 0.20 0.18 0.03 0.0 1.22 3.40
NE 0.43 0.23 0.28 0.10 0.0 0.0 . 1.04 3.06
ENE 0.48 0.41 - 0.66 0.87 0.33 0.03 2.78 5.41
E 0.33 0.33 0.26 0.23 0.0 0.0 1.15 3.65
ESE 0.41 0.23 . 0.28 0.18 0. 0.0 1.10 3.40
SE 0.66 0.26 0.33 0.26 0. 0.0 1.51 3.28
~ SSE 0. 69 0.26 0.46 0.20 0.08 0.0 1.69 3.54
s 0.89 0.28 0.31 0.56 0.05 0.0 2.09 3.79
SSW 0.61 0.61 0.59 0.51 0.03 0.0 2.35 3.91
SW 0.48 1.35 1.58 1.33 0.20 0.03 4.97 4.80
WSW 0.41 1.91 2.22 - 1.28 0.38 0.13 '6.33 4.94
W 0.05 ©0.46 0.79 0.46 0.15 0.0 1.91 5.18
WNW 0.0 0. 0. 0. 0.0 0.0 0.0 0.
NW 0.0 " 0.0 0.0 0.0 0.0 0.0 0. 0.
NNW 0.15 0.05 0.03 0.03 0. 0.0 0.26 2.63
Total 6.58 7.14  ° 8.09 6.39 1.25 0.19 29.64 4.31



Table 8, continued.

NNE
NE
ENE

ESE
SE

SSE
SSW

SW-
WSW

NNW

Total

-NNE

NE

0.26
0.31
0.13
0.18

0.05 .

0.23
0.13
0.08
0.97
1.35
0.43
0.0
0.0
0.0
0.08
0.%1

4.61

" 0.38

0.31
0.26

Q0O 0 0 0O O 0 O O 0 O o O

Q.
G.

% &

.13,

Stability Category B -

.15
.38
.23
.10
.18
.03
.15
.28
.36
.61
.38
.03

.13

O O O O ©O © © ©o O O O O o o O o

" 3.16

© ©O O O O O O O o o0 0O O O o o o

.15

.28
.13
.15
.05
.13
.10
.03
.18
.36
.99
.69
.0

.03
.20

3.32

Stability Category C

0.38
0.56
0.43

0.59
0.64
0.87

O O O O © O 0O 0O O O O O & ©o o o

o O

.05
.05
.03

.28
.26
.15

0.0
0.0

0.0

0.0
0.03
0.0
0.03

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.06

.
(9]

0.0 2.
0.03 2.
0.03 2.

H O O O O F W N O OO OC© © O FH M

.43
.21
.72
.49
A4
.51
.37
.77
.17
.94
.96
.06

Y
.07

.56

14
26
12

w w e s Ww

w w o O W

.85
.06
.34
.79
.67
.09
.96
.83
.32
.77
.38
.68

.37
.29

.86

5.09

.35

5.52
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Table 8, continued.

NNW-

- Total

NNE
NE
ENE

ESE
SE

O O 0O O O H B O O O O O O

O O O OO © O

.18
.13
.05
.18
.36
.97
.99
.71
.18

.03
.31
.43

Ny

.10
.15
.13
.28
.18
.05
.13

o o 0o o o N R OO0 O O o O

O O o O O o ©O

.48
.18
.15
.10
.28
.74
.20
.04
.31

.05
.20
.36

44

.05
.18
.20
.33
.20
.20
.18

6

Stability Category D

©O 0O O 0 0O O 6O O O 0 O O

.36
.26.
.05
.20
.38
.59
.94
.35
.20
.0

.13
.36

.19

o O O O O O O O O o o o o

.38
.05
.13
.03
.15
.71
.54
.79
.20
.0
.0
.03
.31

.42

o O O O © O O

.18
.26
.28
.41
.15
.28
.08

O o o o o o ©

.43
.54
.66
.56
.20
.08
.13

O O 0O 0O 0 0O O O O © o O O

O O O O O ©o o

.15

.03
.05
.05
.10
.28
.13

.03

.51

O O O O O 0 O 0O O O O O O
"o oo 0O 0O o oo O © O O

o O o O O o O

=
[

=
o))

.03
.05
.08

1.65
0.62
0.41
0.56
1.22

3.11
4.95

6.02
0.89
0.0

0.08

0.67 .

'1.49

28.19

1.09
1.34
1.42
1.69

0.86

0.66
0.52

w H~» L K1 & O N

Ww NN O W W Ww w w w P&~ wu

.49
.57
.82
.86
.76
.93
A
.51
.89

.22
.62
.87

.12

.07
.09
.07
.17
.00
.56
.81



Table 8, continued.

SSE 0.28 0.38 0.23 0.38 0.03 0.0 1.30 . 4.27
S 0.36 0.48 0.61 0.89 0.13 0.0 2.47 5.04
" SSW 1.12 0.77 0.31 0.69 0.10 0.0 2.99 3.70
SW . L.35 1.50 0.61 0.46 0.13 0.03 4.08 3.39
WSW 0.33 0.94 0.48 0.51 0.0 0.03 2.29 4.11
W 0.0 0.03 0.0 0. 0.0 0.0 0.03 2.80
WNW 0.03 0.08 0.10 0. 0.0 0.0 0.21 3.41
NW 0.10 0.23 0.05 0.08 0.0 0.0 0.46 3.44
NNW 0.10 0.08 0.08 0.13 . 0.0 0.0 0.39 4.26
Total 4.69 5.83 4.11 5.74 1.21 0.22 21.80 4.53
Stability Category E
N 0.03 0. 0.0 0.03 0.0 0.0 0.06 4.28
NNE - 0.0 0. 0.0 0.0 . 0.0 0.0 0.0 0.0
NE 0.03 0.0 0.0 0.0 0.03 0.0 0.06 5.90
ENE 0.05 10.03 0.03 0.03 0.0 0.0 0.14 3.59
E 0.10 0.05 0.03 0.08 0.0 0.0 0.26 3.79
ESE 0.03 0.08 0.0 0.05 0.0 0.0 0.16 3.92
. SE 0.03 0.0 0.08 0.03 0.0 0.0 0.14 4.43
SSE 10.03 S 0.10 0.18 0.15 0.0 0.0 0.46 4.85
s | 0.13 0.05 0.15 0.20 0.0° . 0.0 0.53 4.61
SSW 0.20 0.18 ©0.10 0.41 0.0 0.0 0.89 4,72
SW. 0.18 0.23 0.15 0.20 0.0 0.03 0.79 4.38
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’Table 8, continued.

WSW
W

NW
NNW

Total

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WSW

NW
NNW

Total

O O O 0O O 0O O O 0O O O O O o o o S

o

o O O O O

O O O O O O O o

.03 .

.08
.03

.95
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w

o O O O ©O
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.16

O O O O O O O O O O O o O O O o
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o O O O O

.28
.03

.05

.08
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.03

.03

0

0
0
0.
0
0

.20
.0
0
.05

.97

0

o O © O O

1.

Stability Category F
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w
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‘c o o o o

£~

o
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.71
.11

.08
.05

.03

.03
.14

.03
.06
.05
.11

.13

.03

.61

N W+ O

S~

O O O = O N W N 00O N O N N O -

o~

.50

.67

.31
.80

.38

.25

.80
.60

.80

.93

.30

.32

.20

.25

.69
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Table 9. Summer (March-September) frequencies of winds.
Direction toward - Frequency, %
which the For winds having speeds (in m/s) of: Totals by Av
wind blows 0.5-2.0 2.1-3.5 3.6-5.5 . 5.6-9.0 9.1-12.0 >.1 direction speed
Stability Category A

N © 0.40 1.41 0.98 0.15 0.0 0.0 2.94 3.40
NNE 0.27 1.23 1.97 0.78 - 0.02 0.0 4.27 4.37
NE 0.51 0.98 1.23 0.38 0.0 0.0 3.10 3.79
ENE 0.42 0.42 0.51 0.18 0.0 0.0 1.53. 3.49
E 0.36 0.67 0.47 0.09 0.0 0.0 1.59 3.22
"ESE 0.58 0.40 0.47 0.11 0.0 ‘0.0 1.56 3.07
SE 0.80 0.42 0.29 0.09 0.0 0.0 1.60 2.60
SSE 0.45 0.36 10.43 0.07 0.0 0.0 1.31 3.08
S 0.58 0.33 0.47 0.22 0.0 0.0 1.60 3.37
SSW 0.42 0.85 0.83 0.67 C.0 0.0 2.77 4.18
SW 0.31 0.74 .0.38 0.25 0.0 0.0 1.68 3.58
WSW 0.15 0.15 0.04 0. 0.0 0.0 0.34 2.32
W 0.0 0.0 0. 0. 0.0 0.0 0.0 0.0
WNW 0.04 0.04 0. 0. 0.0 0.0 0.08 2.03
NW 0.13 0.15 ©0.13 0. C.0 0.0 0.41 2.86
NNW 0.33 0.8¢ 0.1§ 0.04 €.0 0.0 1.35 2.79
Total 5.75 8.95 8.38 3.03 0.02 0.0 26.13 3.55
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Table 9, continued.-

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
Wwsw

W
NNW

Total

N
NNE
NE

o O O o O O 0O O O O O O o o o o

.16
.27
.11
.16
.16
.24
.33
.13
.38
.53
.22
.02

.13
.29

.13

.05
.15

0.13

O O O O O O O O O O O O o o o o

42
.58
.34
.31
.07
.04
.04
.07
.29
71
.71
.09

31
.65

.63

.47
.98
.81

Stability Category B:

1.16
2.06
0.67
0.09
0.04
0.07
0.0

.07
.29
.63

.0
.0
.07
.36

o O O O O O o O o

6.08

Stability Category C

.53
04

OOOOOOOOOOOOOOI—'O'

.94
.72

.09
.05
.07
.02
.04
.27
.53
.05
.0
.0
.0
.0
.05

4.39 .

.56

1.32
1.56
1.32

2.90
2.52
0.40

O O O 0O 0O 00O O O O O O O O O

o O O

o
N

.18
11
.02

O O O O O O O o O O O o o o o o

O O O O 0O 0O 0O O 0O 0 o0 O 0.0 O O

.11

0.09

0.04

= O

[
o]

o Ut W

o O O H N FHF O O O O O = &N

.70
.63
.63
.65
.32
42
.39
.31
.23
.40
.51
.15

.51
.35

.25

.03

.41
.72

W N O O W W Ww W W = N D W Bt

.08
.16
.90
.28
.95

.72
.13
.72
.91
.34
.06

.65
.10

.21

.38
.72
47
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Table 9, continued.

ENE
ESE
SE

SSE
SSw
SW

WSW

WNW

NNW

Total

NE
ENE

ESE

- SE

SSE

O O O O © O O © o o o o o

o O O O O O o O

o O O = &~ 2 O O

O O O O 0O 0O O O 0 O O O K.

.56
.38
.25
.02
.09
.36
.63

.15
.67
.57
.00
.63
.40
.07
.34

7.

Stability Category

o O O O O O O O O O o o o

.85
.27
.20
.07
.15
.98
.62
.36
.02

.07
.18

97

O 0O O 0O O 0O O 0.0 O O O O

7.

.18
.09
.02
.07
.07
.53
.56
.04

.0
.09

47

0.
0.91
1.34
1.95
0.
0.
0.
0.

42

33
22
13
43

o O O O O O O o

.81
.62
.45
20
.07
.16
.02
.04

0.0
0.0
0.9
0.9
0.)
0.7
0.05
0.0
0.0
0.0
G.0
0.0

'0.02

0.45

0.18
0.04
0.05
0.0
0.0
.02
c.0
¢.0

o O O O O o . o O

O O O O O O O O O O o o o

.24

© O O O O O O O © O o o ©

3.04
0.98
0.76
0.43
0.82
2.14
2.04
1.47
0.33
0.0

0.11
0.48
0.53

.26.29

1.60
2.53
3.79
7.06
2.81
1.00
0.31
1.23

N N W W

N

BN ]

[ XS I )

o O

o

£~

-‘_\

W W W PP W W u o

.33
.32
.79
.84
.54
.82
.62
.86
.39

.24
.54
.39

.66

71
.35
.97
.25
.69
.75
.37
.03
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Table 9, continued,

SSW
SW
WSW

NW
NNW

Total

SSE

SSW

SW

WSW

O O O O O O © o o o o o o

O OO O O o o o

.16
.20
.15
.13

.09
.05

.65

.11
.27

.04
.02
.11
.02
.05
.04
.02

o O O O O O O ©O

=
o

O O O O O O O O =~ O O O o

.60
.33 .
.25
.31

.05
.02

.39

.05
.04
.33
.18
.27
.04
.16
.27
.20
.04

.98
.16

.0

.02
.02
.04

0O 0o o o o © o o

6.95

3.

o O O O O O O©O ©

.81
.25

.05
.02
.05

55

Stability Category

0.04
0.0

.09
.0

.16
.07
.04
.11
.33
.02

o

o O O O O O O o
o
N

o O
o O

0
0
0
0
0
0
0.
0
0
0
0
0
0

o O o ©O

.02
.0

o

o 0o 0o o o © o o |

O O O O O O O O O o o o o
O O O O O O O O O o o o o

o O O O O O o ©

o O O O O O O O O o O O o

o O O O O O O O

[
~

O O O O O O O O O o O o o

O 0o o o o o o 'N

N
(=)

o O O O O O o ©O B O O O O

.60
.98
.40
b4

.21
A1
.09

.16

o NN W WD WD N RN W,

AN W W oD

.92
.23
22
.34

.37
.23
.08

.93

47
.80
.01
41
71
.39
.87
.36
.58
.82
41
.77
.25
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9, continued.

WNW
NW
NNW -

Total

NNE

ENE

ESE

SE

SSE

SSwW

O O O O O O O O O O o o © © o o

o O O O O O O o

.68

o o©
N

(o]
&~

0.0
0.0
0.0

o O O O O O O O O O O O oo o o o
o

0.0
0.0
0.0

0.88

Stabil:ity Category F

0.0
0.0
0.0

0.08

0.02
6.0

o
o o

[ NN on BN oo BN ov B o B o TN o B o
o O O o o o

0.
0.

o O O O O.

O O O O O O © O O O o o o o o ©

© O O ©O O O O O O O o o o o

o O
N

o
[y

© O O O O O O O © O ©o O o o o o

o O O O O O ©O O O O © oo o o o o
O O O O O ©O O © O O O O o o o o

0.0
0.0
0.0.

©C O O O O O O O O O O O O 0o o ©
o
N

o O O O O W O O FH O O N O FH N &
o

0.0

0.0

0.0




in Table 6. Tables 7, 8, and 9 show
the relative uniformity of average
wind speéd between stability
categories.

Also, for certain Wind direc—
tions, higher wind-speed ranges occur
relatively frequentlf in stability
categories that are traditionally
thought to occur ét low windspeeds.
In part, this is due to the mechanics
of extracting stabilities from wind-
speed traces. The present state of
the art precludes using more sophis-
ticated techniques. A summary of

these stability wind-rose tables for

winter and summer is shown in Table 10.

HUMIDITY AND FOG

' The only humidity records taken
routinely at NTS are made at Yucca
Flat. The climatological summary, °
Table 1, shows.typically high
humidities in early morning, with
significantly lower readings in the
afternoon. The reported averages
-reflect the desert climate —-- an
annual-average 4:00 a.m. value of
53% and a 4:00 p.m. value of 23%.
ng is a rare occurrence at NTS.
Fog is present fewer than six days
per year in southern Nevada.? . Most

of these cases occur in winter, but

the trend is not pronounced.

Program of Onsite Meteorological Measurements

A CLIMET 013-1 wind-sensing
syslem is operated on a 10-m tower
at "Area 410 Basin NW.'" This loca-
tion is nortlwest ot the LLL assembly

buildings. .The starting speed of

.m/s.

‘the CLIMET system is less than 0.5

Recordings are made on strip
charts and the wnit is serviced every

two weeks by National Oceanic and

" Atmospheric Administration personnel.

Long-Tcrm (Routine) Ditfusion Estimates

Due to the nature of Area 410
activities, there are no routine

releases of ionizing radiation or

other potentially harmful pollutants.

Hencec, no estimates of long-term

diffusion were made in our study.

-29-



Table 10. Summary of wind frequency tables by stability categories, based on
records for 1968. Directions are those toward which the wind blows.

Stability category

Wind statistic A B c D E

F
Winter® season

Most frequent

direction WSW SSW SW SW SSW ENE, SW
Frequency, % 6.3 3.9 6.0 4.1 0.9 0.1, 0.1
Speed, m/s 5.0 3.8 3.5 3.4 4.7 7.6, 2.2

Least frequent ‘ b

direction WNW, W W, WNW W W NNE, W 7 sectors
Frequency, % 0 0 0 <0.1 0, O 0
Speed, m/s 0 0 0 2.8 0, O 0

Highest average

speed, m/s 5.4 4.7 5.5 . 7.1 5.9 7.6
Direction ENE E NE N NE ENE
Frequency, % 2.8 0.4 2.1 1.1 <0.1 0.1

Lowest average .

speed, m/s 0 . 0 0 3.4 0, 0. 0
Direction WNW, W W, WNW W SwW "NNE, W 7 sectors
Frequency, % 0 0 0 4.1 0, O 0

‘Summer = season

Most frequent :

direction NNE NNE NNE ENE E SW
Trequency, % 4.3 4.b 5.4 7.1 1.6 <0.1
Speed, m/s o4 5.2 5.7 3.3 2.7 3.7

Least frequent b

direction W W, WNW W W WHW-NNW 9 gertars
Frequency, % 0 0 0 0 0 0
Speed, m/s 0 0 0 0 0 0

Highest average

speed, m/s 4.4 5.2 5.7 6.7 5.5 4.6
Direction NNE NNE NNE N . N N
Frequency, % 4.3 4.6 5.4 1.6 <0.1 <0.1

T.nowegt average

speed, m/s U 0 0 0 0 0
Direction W W, WNW W W WNW>NNW D scctors
Frequency, % 0 0 0 0 0 0

#0ctober through February.
Phircction divided into 16 sectors each 22.5° wide.

CMarch through September.
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Short-Term (Acqident) Diffusion Estimates

Arithmetic—average and
probability maps of exposure (time-
integrated ground level concentra-
tions of radioactive particles) were
obtained from the instanfaneous point
source (IPS) code developed by
Peterson.6 ‘The input data were the
tower winds observed near Super Kukla.
The generalized diffusion equation

for surface exposure concentration

under an explosion's cloud centerline

‘is
A hz
s o g u 2 2
Y1 Zp Zg.

where ws ‘surface exposure, in units
5

of Q*s/m™.

Q = source term, assumed

unity in this report.

o = instantaneous crosswind
horizontal standard.

deviation, in m.

o] = instantaneous vertical

standard deviation, in m.

u = horizontal windspeed at

cloud center, in m/s.

h = height of cloud center

above ground, in m.

-31-

downwind.

) 7
The IPS code uses Walton's

scaie—dependent diffusion approach to

determine OyI; OZI is obtained

1/2
from the equation OZI = (ZKXt) / s

where Kz’ the vertical diffusion
coefficient, is a stability-dependent
input parameter, and t is travel time
Scaling equations developed
from observations of explosions were
used to determine the height and
geometry of the stabilized cloud.

The calculations in this section
include surface exposures and
depbs@tion from a "puff' of gases and
particles ;hat have nd appreciable
fall velocity (radius less than V5 um).
Fallout of larger particles, which
could produce substantially higher
depositions, is not included.

Three types of accidents have
been postulated, and this report
presents contour maps of radioactive
exposuré presented for all types.
These accidents are:

e The dispersal of plutonium by

detonation of 68 kg (150 1b)
of high explosives (HE),

e a criticality ﬁccident
involving 1019 fissions of
uranium-235 (equivalent to
about a 140-1b high-explosives

detonatibn), and

e an inadvertent 100-ton fission

explosion.



HE AND CRITICALITY ACCIDENTS maps covering both these accidents is

presented in Figs. 6, 7, and 8. Each

For accidents (a) and (b), the of these figures gives radioactive
explosive yields are nearly equal. exposures calculated on the basis of
Hence,.it is assumed that their annual, winter, and summer wind data,
resulting cloud gcometries are the respectively. Half of the maps on
same, and one set of exbosure—contour -each time period show the arithmetic

T T T T T T T —
20 80 -
N 1% 107 (b)
| _ 4
NTS site
40—
10 boundary
K -8
1X 10
0 AN
€
~ 0
-40
-105 _
3x 107 N
| L | ] i [ ) |

-20 -lO 0 10 20 -80 -40 0 40 80

Fig. 6. Relative exposures (in s/m3) around Area 410 for HE or criticality
accident, based on annual wind data: (a) and (b) average exposures
at near and far perspectives, respectively; (c) and (d) exposure
limits exceeded 5% of the time at near and far perspectives,
respectively. .
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km

Fig.

L NTS site
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-10 \
20
| |
-20
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20— I 3X
3X 10
0
1% 107

7. Relative exposures (in s/m3) around Area 410 for HE or criticality
accident, based on winter (October-February) wind data: (a) and (b)
average exposures at neatr and far perspectives, respectively; (c) and
(d) exposure limits exceeded 5% of the time at near and far
perspectives, respectively.
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Fig. 8.
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~40 0

Relative exposures (in s/m3) around Area 410 for HE or criticality
based on summer (March-September) wind data:

(a) and (B)

average exponsures at near and far perspectives, respectively; (c) and
(d) exposure limits exceeded 5% of the time at near and far

perspectives, respectively.
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average exposures, and the other half
were computed allowing a 5% probabil-
ity that the specified exposures will
be exceeded. The latter maps are
prepared by assuming a lognormal
distribution of exposure and omitting
the top 5% of the distribution.
Hence, one random accident out of
twenty will result in exposures
" greater than shown on the map. Both
close-up and distant maps are pre=
sented for each of the average and 5%
cases within each time period, with
the distant map showing exposures as
far as 80 km from Area 410. Also,
the NTS site boundary is sketched on
the contour maps.

The IPS code depletes the puff
with distance according to the
deposition velocity, which was
assumed to be 0.01 m/s. The product
of the exposure and the deposition
velocity yields deposition, in units
of m"2 ‘Hence, myltiplying the
exposure-contour values by 0.0l m/s
gives surface-deposition contour
values. All atmospheric stability
categories, weighted hy their rela-
tive frequencies, were included by
the code when it calculated the maps.
The specific exposure values for ‘each
contour are entercd ou the diagrams.

The annual average maps havce a
nearly circular distribution, with a
slight dimunition of exposures toward

the west and west-southwest. The

annual 5% maps show a northeast-

-35-

southwest elongation with diminished
values toward the west-northwest.
The average and 57 exposure contours
of winter are close to those of the
annual maps in both shape and
magnitude. The northeast-southwest
elongation is more pronounced in the
winter 57 maps. This is due to wind
and stability conditions that favor
higher exposures when the wind
direction is from the NE and SW.

In the summer, the average
exposure pattern shows a general
east-west elongation. However, the
5% contours for the same period are
nearly circular except for zero
exposure values toward the west. The
zero values afe due to the fact that
only one wind toward the west (from
the east) was observed in the summer

of 1968.

the IPS code is unable to treat one

The probability routine in

case.
The direction toward which
exposure at the site boundary is
greatest is referred to as the
"ecritical azimuth." Table 11
presents the dirgctions and relative
exposures where the critical azimuth
crosses the site boundary, as well as
those at the closesl site boundary
(to the south). Note that the
critical-azimuth values are less than
207 greater than exposures to the
south. Exposure values at various
distances to 100 km are presented in

Table 12.



Table 11. Relative exposuresa

at the site boundary's intersection with the

critical azimuth and at the closest point of the boundary that
would result from an HE or criticality explosion.

Arithmetic av

957-probable limit

Annual Winter Summer Annual Winter Summer
Direction of the
critical azimuth SSW SSW ‘SE SSW SSW S
Exposure, s/m>  1.5x107  1.8x107/ 1.0x107/ 1.1x107° 1.7x10°% 5.7x107’
Direction of the
closest site
boundary » S S S S S S
3 =1 =7 -8 -7 -6 -
Exposure, s/m 1.3%10 1.A%10 9.4X10 9.5%10 1.5%10 5.7X10

7

aDeposition values (in units of m—2) are 1/100 of exposure values.

100-TON FISSION EXPLOSION

A 100-ton fission explosion
would generate a stabilized cloud
center at abouf 1800 m abuve the
surface. This altitude is well
beyond the valid range for the
power-law wind profile, used to
adjust wind speeds at 10 m above the
surface to those at the approx 200-m
cloud-center helght for an HE or
criticality accident. Hence, we
prepared new input data, using the
1968 upper-air wind conditions
observed twice-daily at Yucca Flat.
These winds are representative of
those at Area 410. The corresponding
stability categories were determined
from these observations and the

near-surface to cloud, center-

temperature profile.

The frequencies and averége
speeds of these upper-air winds as a-
function of the direction toward
which the wind blows are presented in
Table 13. The average speeds are
generally greater than those uf 10-m
winds (listed in Table 4), but'by
less than 2 factor of two. Winter
wind speeds are greater than summer
wind speeds. Such behavior is con-
sistent with usual winds in middle-
latitudes. 'The wlnd froeguencies at
1800 m alsu differ from those at
10 m. For the 1800-m winds, the most
frequent. dircctions are toward the
SSW and SW in both winter and summer.
(The 10-m winds show a pronouﬁced
reveréal toward the NNE in summer.)

The frequencies of stability
categories affecting a 100-ton

fission accident are shown in Table
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Table 12. Relative exposures (s/m3) along the critical azimuth at site boundary and other points at
distances to 100 km; for HE or criticality accident.

Distance along critical azimuth - km

Critical _ - at distances (in km) of:
Type of exposure azimuth 1 2 5 - 10 sp2 - 20 " 50 100
Based on annaal data
. . -7 -7 -7 -7 =7 -8 : -8 -
arithmetic average SSW 7.8%10 7.5%10 4.3%10 2.1x10 1.5%10 8.0x10 270X10 5.8%10
95%-probable limit SSW 7.2x107% 8.4x107% 4.7x10™® 1.7x107% 1.1x107® 4.5x1077 7.5x107% 1.8x10”

Based on winter data

arittmetic dverage  SSW 1.0x10°%  9.3x1077 5.3x1077 2.5x1077 1.8x107/ 1.0%10"/ 2.3¥10°° 6.6x10
95%-probable limit SSW 1.2x107°  1.4x107° 8.3x10°° 2.9x107% 1.7x107® 7.5x107 1.0x1077 2.5x10”
Based on summer data
’ ) -6 -6 -7 -7 -7 -8 -8 -
arithmetic averagze SE 2.2%10 1.6%x10 7.7%X10 2.9%x10 1.0%x10 9.0%X10 2.1x10 .5.8%10
95%-probable limit S 3.3x107% 3.6x107°% 2.2x107® g.6x1077 5.7x1077 2.5x107 4.5x107° 1.2x10°

3sB = Critical azimuth site boundary: 13.5 km to SSW, 12.5 km to S, 19 km to SE.



Table 13.

Frequency and average speeds vs wind direction of winds at 1800 m
above ground affecting a 100-ton fission explosion at.Area 410
(based on 1968 data).

Annual Winter Summer
Direction Av Av Av
toward which Frequency, speed, Frequency, speed, Frequency, speed,

wind blows % m/s % m/s % m/s
N 6.0 8.2 6.5 9.4 5.7 7.4
NNE 4.6 8.7 5.4 9.1 4.0 8.4
NE 4.1 7.8 6.2 8.8 2.9 6.4
ENE 1.8 6.0 1.5 9.0 1.9 4.5
E 1.3 5.6 1.9 6.8 1.0 4.0
ESE 0.7 5.4 0.8 3.0 0.7 7.0
SE 1.5 4.4 0.8 3.5 1.9 4.6
SSE 4.3 5.7 2.7 8.3 5.2 4.8
S 6.6 6.7 2.7 3.7 9.0 7.2
SSW 16.9 9.3 10.8 12.2 20.7 8.4
SW 15.9 9.6 15.8 13.2 16.0 7.4
WSW 7.8 6.6 8.5 8.0 7.4 5.6
W 7.1 6.4 5.8 8.3 7.9 5.6
WNW 5.6 6,5 6.9 7.8 4.8 5.2
NwW 10.3 8.4 14.6 9.8 7.0 6.8
NNW 5.6 9.2 9.2 10.8 3.3 6.4
All

directions 100. 7.2 100. 8.2 100. 6.2

14.

On an annual basis,

”D”

(noutral) ctability occurs over 60%

of the time at 1800 m above ground.

In the winter, essentially all the

stabilities are '"D" or "E",

with "E"

occurring almost 60% of the time,

while in the summer "D" stability

predominates over 707% of the time.

More stable conditions are to be

-38-

expected in winter, particularly in a

desert environment.

A comparison of Table 14 with
Table 6 (based on 10-m winds)

indicates considerably higher

frequencies of stable conditious

affecting the 100-ton nuclear

accident.

This is consistent with

daytime observations of lapse rate



Table 14.

Frequency of stability categories for 100-ton fission
Area 410 (based on winds at 1800 m above ground).

explosion at

Frequency, %

Stability Winter Summer
category . Annual (Oct-Feb) (Mar-Sept)

A 0.4 0 . 0.7
B 4.0 0 6.4
C 6.9 0 11.2
D 61.3 41.9 73.3
E 27.2 '57.7 8.3
F 0.2 0.4 .. 0

vs height. Super-adiabatic lapse exposure values along a radial is

rates (very unstable) often occur
near the surface, especially in'a
desert environment, At higher levels,
the lapse rate usually becomes
neutral or slightly stable. Also, it
has been observed, upon occasion,

that the AO-method of assessing
stabilities (from wind-direction strip
charts) has tended to yield stabilities
that are too unstable, by about one
Pasquill category.

'he upper—-air winds were used to
calculate relative exposures for
annual, winter, and summer periods
for both the arithmetic average
exposure and the 5% probability that
specified exposures would be
exceeded.

Due to the geometry of the 100-

- ton fission explosion's stabilized

cloud (at about a height of 1800 m

above the ground), the gradient of

—39-

small for both the arithmetic

average and the 5% calculations.

.small gradient is due to the fact

that as the cloud moves downwind,

the surface concentrations of a
pollutant decrease while the cloud's
time in passing increases at a nearly
compensating rate. As a result, the
exposure at any point during cloud
passage is nearly constant.

Instead of calculating exposure
values at intervals so small that
they greatly exceed the estimated
error of the calculations, it is
preferable to present the average of
exposures out to 100 km, with an
indication vf the variation about the
average. This latter approach has

been used in Figs. 9-11. The top

" number within each sector represents

the average of exposure values out

to 100 km, in units of 10710 s/m3.

This
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Relative Exposures (in 10 s/m3) for 100-ton fission accident, based
on annual wind data. Percentages indicate variation of exposures
within each zone up to 100 km from Area 410. Fig. 6a gives the

arithmetic average exposures, Fig. 6b gives a limit of exposure
exceeded 5% of the time.
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Relative exposures (in 10—10 s/m3) for 100-ton fission accident,
based on winter (October-February) wind data. Percentages indicate
variation of exposures within each zone up to 100 km for Area 410.
Fig. 6a gives the arithmetic average exposures; Fig. 6b gives a limit
of exposure exceeded 5% of the time.
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Fig. 11. Relative exposures (in 10 s/m”) for ‘100-ton fission accident,

based on summer (March-September) wind data.

Percentages indicate

variation of exposures within each zone up to 100 km from Area 410.
Fig. 6a gives the arithmetic average exposures, Fig. 6b.gives a
limit of exposure exceeded 5% of the time.

The bottom number is the absolutg
range of calculated values within
each sector, expressed as a percent-
age. For example, in Fig. 9a, the
numbers at the top center indicate
an arithmetic average exposure of
1.1 x 10‘lO s/m3, with a range of
exposures between 0.8 X 10_lO and
1.4 X 10—10. On all the charts,
the highest value in each sector is
less thanAa factor of two greater

than the average (+ 100% and -50%

are factors of two from the average).

Those sectors with the larger
percentages are generally associated
with the smaller exposure values
during the winter season. Note that
the highest annual exposures are
toward the NW and ESE for the

arithmetic average and 5% values,

respectively. During the winter,

arithmetic averages are greatest
toward the NW and N; 5% values show
a maximum toward the S. In summer,
maximum values occur toward the SW

(arithmetic average). and the ESE and
SW (5% values). Surface deposition

. . -2
values, in relative units of m 7, may

" be obtained by dividing the exposures
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by A (0,01 m/s).

Table 15 gives the relative .
exposures (s/m3) at the site boundary
along the critical azimuth and at
the closest boundary from Area 410,
in the event of a 100-ton fission
expldsion. Table 16 presents relative
exposures at various distances along
the critical azimuth. Note the |
uniformity of the arithmetic averages

at from 1 to 100 kn.



Table 15.

. a . cos .
Relative exposures at site boundary along the critical azimuth and
at the closest boundary for a 100-ton fission explosion.

Arithmetic average

95%-probable limit

Annual Winter Summer Annual Winter Summer
Direction of
critical
azimuth NW NW NW ESE S ESE
gxposure, s/m> 2.3x107°0 2.0x10710 9.ox107M 4.2x107Y0 5.0x20710 4.7x10710
Closest site _
boundary S S S S s S
_ - - -1 - - -
Exposure, s/m3 9.9%x10 1 1.1x10 10 2.6%x10 10 3.1x10 10 5.0x10 10 2.2x10 10
aDeposition values (in m_z) are 1/100 of exposure values.
- . P .-10 3 ,
Table 16. Relative exposures (in units of 10 s/m”).at various distances
along the critical azimuth for a 100-ton fission explosion.
Dlstance alnng ¢ritical azimuth - km
Direction of : -
rritical azimuth 1 5 10 20 50 100
Annual exposure
arithmetic average NW 2.0 1.9 1.8 1.9 2.5 3.4
95%-probable limit ESE .3 4.2 4.1 4.0 4.2 5.7 . 8.2
Winter exposure :
arithmetic average NW 2.2 2.1 1.9 1.7 1. 1.7 2
95%-probable limit S 5.1 5.1 5.0 5. 6.4 8.7
Summer exposure .
arithmetic average NW 2.0 1.9. 1.8 2.0 2.8 3.7
95%-probable limit ESE 4,2 . 4.2 6.6 1.0
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FOREWORD

The development of recommendations for a design basis tornado and
structural design criteria for use in evaluating critical facilities at
the Nevada Test Site was conducted under Purchase Order No. 5062405
with Lawrence Livermore Laboratory, University of California. Mr.
Robert C. Murray of the Structural Mechanics Group, LLL, served as the
technical representative for monitoring the project. Dr. James R.
McDonald represented the consulting firm of McDonald, Mehta and
Minor as principal investigator. Dr. Richard E. Peterson, a meteorol-

ogist, also contributed to the technical effort.
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I. INTRODUCTION

"The purpose of this document is to prescribe criteria and to
provide guidance for professional personnel who are involved with
the evaluation of existing buildings and facilities at the Nevada
Test Site, Nevada. It i; intended that this document be used in
the evaluation of critical facilities to resist the possible
effects of extreme winds and tornadoes. The document contains two
major sections: (1) development of parameters for the effects
of tornadoes and extreme winds and (2) guidelines for evaluation
and design of structures.

The report presents a summary of the investigations conducted
and contains discussions of the techniques used for arriving at
the combined tornado and extreme wind risk model. The guidelines
for structural design include methods for calculating pressure
distributions on walls and roofs of structures and methods for

accommodating impact loads from missiles.

v



II. DEVELOPMENT .OF A DESIGN BASIS TORNADO

A. Metéoro]ogica] Considerations

Tornadoes usually occur in association with vigorous convective
cloud systems. For the United States, several distinctive synoptic
weather patterns have been shown to favor the development of tornado-
producing thunderstorms (Mi]1ef 1970)*. The essential ingredients,
however, are sihi]ar for the various tornado producing cloud con-
figurations: (1) a strong flow of moisture near the surface, (2)

a dry air current at middle levels, (3) an intense jet stream at
upper levels, and (4) a triggering mechanism, such as daytime heating
or an advancing front. Recognition of these necessary elements for
tornado formation came initially during the 1950's from detailed
post-storm analyses which concentrated on weather patterns over

the eastern two-thirds of the nation. Limited analyses have appeared
regarding tornadoes in the West (Feris 1970; Fujita 1970, 1972).

As shown by Rasmussen (1967), Nevada lacks sufficient moisture
to support the type of tornadic activity experienced in the Central
U. S. Moreover, the stfong currents (particularly near the surface)
which promote long-lasting squall lines (with associated tornadoes)
do not develop as extensively over the more irregular tqrrain of the
West, although local low-level jets do occur.

Occasionally, however, moisture may flow into Southern Nevada
to enhance the development of tiunderstorms. Rasmussen (1967) noted

the influx of water vapor into Arizona from the south during the

*
References may be found in the alphabetically arranged List
of References by referring first to author name and then to publication
date.
2
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summer months. More recently, Hales (1974) and Brenner (1974) have
contended that the Gulf of California acts as a low-level ﬁoisture
source for the interior Southwest. Mountain thunderstorms in Arizona
and Nevada may build within this moist air surge which has been
channeled northward. - The initial flow northward at times arises from
hurricane activity off the west coast of México -- an area second
only to the Wéstern Pacific in theAproduction of tropical storms.
However, NTS is not effected by strong winds but only moisture from
thése storms. | | |

During the colder part of the year, occasional funnels may develop
through the 1ifting action of strong Pacific cold fronts and as a re-
sult of destabilization accompanying the passage of cold low pressure
areas at upper levels.

Dust dévi]s are a frequent form of vorfex activity in Nevada.
Most of the vortices are relatively small and last only a few minutes;

however, some dust devils may reach tornadic proportions (and yet

‘not appear in the records as tornadoes). Fujita (1973) has con-

cluded that strong dust devils are more intense than over 50 percent
of confirmed tornadoes; his expected maximum wind for dust devils
falls in the F2 classification (113-157 mph). Refer to Appendix A
for a table of the Fujita-Pearson Scale.

Superadiabatic lapse rates of temperature in the lowest tens
of meters are usually observed during periods of dust devil activity
(Ryan and Carroll 1970); therefore, surface characteristics and
topographvai11 dictate the likelihood of dust devil development.

The vortical motion which becomes organized in these cases originates
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in various types of mesoscale flow.

B. Orographic Considerations

Local wind fields along valleys or in the lee of terrain features
may yield vortices of greater or lesser intensity than the local
norm, depending upon the stability of the air in these local regions
(Hallett 1969, Ingram 1973). Thunderstorms developing over the desert
or forming in the high country often produce outflow regions spreading
over hundreds of square miles, persisting for hoUrs af@er the onset
of the storm (Idso 1974). The leading edge of the colder downdraft
air is a very active source for dust devil development (Warn 1952);
these vortices are likely to be particularly intense at the intersec-
tion of two outflows and where the outflow impinges on moist air.

It has been suggested that there may be some correlation between
tornado occurrence and the Qewpoint temperature (temperature at
which the air is saturated with water) at ground level (Wash 1500).
Based on approximately 20 years of records; the mean dewpoint tempera-
ture for Ely, Las Vegas, Reno and Winnemucca, Nevada is 28°F.
(Adjusted to sea level). The highest mean value for any particular
month is 41° at Las Vegas (U.S. Department of Commerce 1968). The
contention that dewpoint temperatures are below those necessary for
thunderstorm activity is further supported by charts by Dodd (1965).
These charts show a standard deviation in addition to the mean monthly

values.



C. .Tornado Records

Nevada is a large, sparsely populated region in which there
have been few tornadoes. In fact, dating from one of the earliest

maps of tornado activity (Finley 1884) into the modern era (Court

.1970), no tornadoes are noted for the Nevada area until 1953 (Flora

1953). There was another reported tornado occurrence in the late
fifties. For the last decade, the average rate of tornado occur-
rence has been about one tornado per year with many years of no
reported tornadoes (NSSFC 1974).

The recorded Nevada tornadoes have appeared chiefly in the
vicinity of population centers (mostly near Reno) with an additional
few tornadoes being reported in the east and southern tip of Nevada.
Undoubtedly, as populations increase in this area and as recreational
activity increases, the number of tornadoes seen and reported will
result in a more widespread distribution. This anticipated more
complete, and, hence, more accurate representation of tornado inci-
dence will probably support the observation that tornado occurrence
probabilities are relatively low in this region. The general absence
of conditions favorable for tornado formation (Fujita 1973, see
especially Fig. 7) also support this observation.

Tornadoes occurring during the périod 1959-1973 in Arizona,
California, Nevada and Utah (the States which surround the Nevada
Test Site) are summarized in Table I. Tornadoes occurring within
the 5-degree square surrounding the NTS during the same period are
summarized in Table II. Tornado occurrence locations and relative
windspeed intensities, presented using Fujita's F-Scale (Fujita

1971), are included in Fig. 1.



 TABLE 1

TORNADO OCCURRENCES AND INTENSITIES IN FOUR STATE AREA
. SURROUNDING NTS (1959-73)

[SOURCES: NOAA (Storm Data), NSSFC 1974]

Tornado Intensity (Fujita 1971)

STATE FO Fl |72 ] TOTAL
. Arizona 23 20 18 4 65
California 18 1 4 - 33
Nevada 8 3 1 - 12
Utah | 12 9 5 - 26
Total 61 43 28 4 136
TABLE 11

TORNADO OCCURRENCES IN 5-DEGREE SQUARE SURROUNDING NTS (1959-73)
[SOURCES: NOAA (Storm Data), NSSFC 1974]

Tornado Intensity (Fujita 1971)

STATE S R S /) F3 TOTAL
Arizona - 2 - 1 3
California 1 1 - - 2
Nevada 3 - - - 3
Utah - - - - 0
Total 4 3 0 1 8
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D. Tornado and Extreme Wind Risk Model

The above reviews of the published literature and reviews of
bofh published and unpublished tornado occurrence records indicate
thét tornadic vortices are uncommon in Nevada due to the absence of
sufficient moisture and the interruption of low level flows by ter-

rain irregularities. On the other hand, those tornadoes which do

occur may be caused and enhanced more by locally induced flows than

by synoptic scale features.

Design standards that are incorporated into building codes do
not normally include the effects of tornadoes in their wind load
criteria, while some tornado risk models ignore the presence of

nontornadic extreme winds. The literature reviews and data eval-

uations suggest that design basis extreme windspeeds and associated

tornado effects for NTS should be developed from avail?ble tornado
records used in combination with extreme wind data available else-
where in the literature. Furthermore, the design basis extreme
winds and tornado effects should be developed on a probabilistic
basis which ré]ates extreme windspeéds with a probability of occur-
rence.

1. Methodology for Developing the Tornado Portion of the Risk Model

Sinbe tornado intensities are expressed in terms of Fujita-
Pearson Scales (FPP-Scales), the tornado risk model was developed
on this basis. Four basic steps are involved:

(f) Determination of the mean area of tornado damage

based upon tornadoes which occurred in the four state
area surrounding NTS.



(2) Determination of the average numbér of tornadoes per
year for each F-Scale intensity classification in a
5-degree square surrounding the NTS.

(3) Calculation of the probability of occurrence of
tornadoes exceeding a threshold windspeed within
the 5-degree square area.

(4) Determination of the probability that windspeeds
in tornadoes will exceed the threshold value.

a. Mean Damage Area

There was an insufficient number of tornado occurrences in a
5-degree square around NTS to make a statistica]fy reliable predic-
tion of the mean damage areas for each F-Scale classification of
tornadoes. Although this procedure has been employed in other tor-
nado risk model developments (McDonald 1974, 1974a), a different
procedure was employed in the NTS study. In the modified procedure
a larger geographical region (consisting of the State of Nevada,
and parts of the States of Utah, Arizona, and California) was used
to determine a single average damage area for all tormadoes occurring
in the four sfate area. The NSSFC tape (NSSFC 1974) gives a Pearson

path length (P, ) and path width (Pw) for most tornadoes in the

L)
four state region for the'three year period 1971-73. From the PL

and P, ratings the damage area in square miles was determined for

W
these tornadoes using the median length and width in each Pearson
scale classification. The mean damage area for tornadoes in the
four state area was then computed from these data.

b. Average Number of Tornadoes Per Year

The number of tornadoes in the 5-degree square was obtained
from the master list discussed above. These data are presented in

Table II and in Fig. 1. F-Scale ratings were assigned by the authors



on. the basis of damage descriptions from Storm Data (NOAA), if

they were not provided by the NSSFC computer tape. In some instan-
ces the descriptions in §§é£m_gggg_were vague or non-existent. A
conservative ?-Scale rating was assigned in these cases. Once these
ratings had been made, the average number of tornadoes exceeding
any thfesﬁo]d windspeed was determined for the fegioh. The number
of tornadoes exceeding the windspeed represenéed by each F-Scale
rating was plotted on semi-log paper (Ref. Fig. 2). A straight |
line was fitted through the points. From this plot the numbér of
tornadoes exéeeding any threshold velocity could be determined.
With this information, the average number of tornadoes per year
e*ceeding thé threshold velocity was found.

c. Probability of Occurrence

By having the mean damage path area and the average rate of
occurrence per year for any arbitrary threshold windspeed, the prob-
ability of occurrence of tornadoes having any arbitrary threshold

windspeed could be determined by using the relationship

Pi = (1)

where:

A; is the average rate of tornado occurrence per year for
the threshold windspeed V. (tornadoes/year, from Fig. 2)

x|

is the mean tornado damage path area in sq mi

A is the total area within the S-degfee square surrounding
the NTS (sq mi).

10
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d. Probability of Windspeeds Exceeding a Threshold Value

The probability of winds exceeding a windspeed corresponding to
a specific threshold value, Vi’ is obtained by taking the cumula-
tive sum of the probabilities of the threshold values higher than

the one under consideration.
n .
P. =1t P, (2)

where n is related to the largest threshold velocity considered.
Table III contains a summary of the results of the study to deter-
mine the tornado occurrence probability distribution.

2. Methodology for Determining the Straight Wind Portion of the
Risk Model

The work of Thom (1968) is used to evaluate the probability of
straight winds exceeding any threshold value of windspeed. Thom's
data specifically excludes tornadoes from the data set.

a. Windspeed Records

The probability distributions for straight winds deve]oped by |
Thom are based on records of extreme annual fastest mile windspeeds.
The records cover a 21 year period and were accumulated at 150
locations in the contiguous United States.

b. Straight Windspeed Distribution

Because winds are bounded at zero and are generally thought of
as being unlimited above zero, Thom selected the Fisher-Tippett Type
IT distribution for straight winds. The data set of annual extreme
fastest mile wfndspeeds for each weather stétion, after being cor-

rected for elevation and terrain roughness, was fitted to the Fisher-

12



COMPUTATIONS:

TABLE III

Threshold Windspeed (mph) -

TORNADIC WIND. OCCURRENCE PROBABILITY DISTRIBUTION

Number of tornadoes
exceeding threshold
windspeed 6.5 2.2

Number of tornadoes
in the threshold

interval 4.3 ];5
Number of tornadoes

per year, i, 0.28 0.097
Mean damage area, A

(sq mi) .39 .39
Geographic area, A

(sq mi) 96,000 96,000
Probability of occur-

rence of threshold -6 _
value, Pi (per year) 1.1x10 3.9x10
Probability of ex-

ceeding threshold -6 _
value, PE (per year) 1.7x10 5.9x10

150

0.8

0.5

0.033

.39

96,000

7

7

1.3x10°

2.0x10°

200

0.3

0.011
.39

96,000

4.6x10°

6.7x10°

0.09 -

0.058
0.0039
.39

96,000

1.6x10°

2.1x10°

300
-0.03

0.020
0.0014
.39

96,000
5.5x10”

5.5x10°

€l



Tippett Type II probability distribution. The expression for the
cumulative probability per year of not exceeding a windspeed value

V is

F(V) = exp -(v/8)"" (3)

where 8 and y are chosen‘to fit the annual extreme fastest mile wind
data set for the geographical location under consideration. Thom
constructed a special pﬁobability paper (See Fig. B1) on which the
Fisher-Tippett Type iI distributfon plots as a straight line. A

simple logarithmic transformation of Eqn. 3 puts it in the form
y = a+ bx, (4)

where a and b are parameters that define the straight line rela-
tionship. A regression analysis then yields values of the para-
meters a and b for the best fit straight 1line through the data
points. The 8 and y terms in Eqn. 3 are related to the values
of ¢ and b. The distributions were fitted to 150 stations to ob-
tain data for the wind probability maps of the United States for
mean recurrence intervals of 2, 10, 25, 50 and 100 years (Thom
1968). The mean recurrence interval is given by

R (5)

— F(V :

A transformatfon involving logarithms of the extreme windspeeds can
be made to obtain the Fisher-Tippett Type I modei. This 1s the

model that was actua]]y used by Thom (1968) in his latest work.

14



This mathematical model is also known as the Frechet distribution
function.
Based on Thom's work, the probability of exceeding a threshold

windspeed in one year is given by the expression

PE : 1 - F(V). (6)

Since a data set of annual extreme fastest mile winds was not
available for the NTS site, the probability distribution (Eqn. 3)
was obtained ffom Thom's wind probability maps. The procedure used
is described in Appendix B.

The extrapolation of the straight wind curve into the 200 mph
or greater regime must be discussed in terms of confidence limits.
There is always some uncertainty as to the line of best fit through
the data points. Thus any value quoted from the wind model is the
expected value. The expected value is expected to be exceeded
half the time and not exceeded half the time. Therefore, there
is a band of confidence (or band of uncertainty) associated with any
statement from the model. If ﬁore data points are used (additional
years of records) the band of confidence narrows. However, since
the expected value line is extrapolated beyond the data points,
as is done in this study, the band of confidence becomes extremely
wide.

There may be some upper bound on maximum straight windspeed.

A value corresponding to the speed of sound would appear to be one
such 1imit. On the other hand, the upper 1imit assumed for tor-

nadoes is in the neighborhood of 300 mph (Kessler, 1974; Fujita,

15
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1970, 1972). This limit could be used for straight winds as well.

Thus in this study the upper Timit windspeed for straight wind is
assumed to approach the generally accepted upper Timit windspeed
for tornadoes. .

3. The Risk Mode]: Combined Effects of Straight Winds and Tornadoes

The combined probability distribution of both tornadoes and
straight winds is approximately equal to the sum of the two dis-
tributioﬁs. TheAprobability of the union of two events is approxi-
mately equal to‘the sum of the probabilities of the individual
events, if the probability of their intersection is small (Nevi]ie
and Kennedy 1966). Values for the straight wind (Fisher-Tippett
Type II) distribution, the tornado distribution and the combined

distribution are given in Table IV, and are plotted in Figure 3.

TABLE IV

PROBABILITY DISTRIBUTIONé FOR NEVADA TEST SITE
(STRAIGHT WINDS, TORNADOES, AND COMBINED)

Straight Wind Tornado Combined
Windspeed Distribution Distribution Distribution
50 4.5x107! 1.7x107° 4.5x107" |

100 . 1.0x1073 5.9x1077 1.0x1073

150 2.4x107 - 2.0x077 2.4x107°

200 1.7x10% 6.7x10°8 1.8x107°

250 2.2x107’ 2.1x1078 2.4x1077

300 4.0x1078 5.5x107° 4.6x1078
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E. Tornado and Extreme Wind Parameters at NTS

Determinations of specific tornado and extreme wind parameters
for any specific geographié Tocation must involve: (1) the tor-
nado and extreme wind risk model and (2) a definition of the ac-
ceptablie level of risk for structures and facilities under consiq;
eration. - The risk model involves the curves developed for NTS as
presented in Figure 3. The latter, level of risk definition, is
defined by the responsible contractor organization acting in coor-
dination with the Nuclear Regulatory Commission (NRC). 'In the case
of the NTS, the responsible contractor organization (Lawrence Liver-
more Laboratory) has advanced two levels of risk for eva]uat{ng
existing facilities at NTS. The levels of risk are stated as 1 x

-4

10 " and 1 x 10_6 probability of occurrence per year for design

" tornado and extreme wind parameters.

With the risk model and acceptable levels of risk having been
defined,.it remains only to develop a listing of specific tornado
and extreme wind parameters. Reference to Figure 3 reveals that the
maximum design.windspeeds associated with the 1 x 10—4 and 1 x 10'6
levels of risk are 130 mph and 210 mph respectively. HNote that the
tornado windspecds associated with these levels of risk are relatively
small compared with those for straight winds. This fact confirms
the more‘genera1 observations made in the meteorological discussion
(Section II),‘i.e. available data suggest that severe tornadoes are
not a significant threat in the area surrounding NTS. Furthermore,

this interpretation of the risk model suggests that extreme straight

winds should be the governing'désign parameter as the straight wind



probability curve dominates the combined tornado-straight wind
curve (Ref. Fig. 3). )

The above interpretations of the risk model (for the levels
of risk selected) produce the recommended wind parameters advanced
in Table V. For the selected level of risk, the straight wind
parameters dominate the design parameters. Atmospheric pressure
change is thus not a significant design parameter. The design
parameters reflect the effects of straight wind and the missiles
which can be prdduced by these windspeed values.

The design basis missiles advanced in Table V were developed
by considering (1) the character of structures at NTS which might,
upon failure, contribute to the missile environment and (2) the
trajectory predicted by injecting the missiles into an analogous
windfield. A computer program developed at Texas Tech was used to
determine the.expected accelerations, velocities and trajectories of
potential missiles injected into the windfield. The following
assumptions are made in the computer program:

(1) Aerodynamic drag coefficients of 1.0 and 1.2 are
used for cylindrical and parallelpipeds respective]y‘

(2) The missiles assume a nontumbling mode with their
largest surface area normmal to the relative wind
velocity vector

(3) A tornado windfield patterned after the Dallas
Tornado of 1957 (Hoecker 1960) is used.

Assumptions 2 and 3 are both conservative. The missiles are likely
to tumble because of turbulence. Missiles are more likely to be

picked up ty tornadic winds than by straight winds.
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TABLE V
RECOMMENDED WIND PARAMETERS -- NTS

RISK: 1x107° Occurrence/year

Maximum Windspeed* | 210 mph
Missiles: 4.x 12, 12 ft long timber, 90 mph (horizontal)
| 139 1bs, area 41.7 in.° . 60 mph (vertical)
4000 1b automobile ‘ 25 mph (tumbling .
’ on ground)

RISK: 1x'10'4 Occurrence/year

'Maximum Windspeed* 130 mph

Missile: 2 x 4, 12 ft long timber, 70 mph (horizontal)

20 1b, area 5.9 1n.2

6

*The design basis tornadoes associated with the 1x10'4 and 1x10~
levels of risk will pose no threat to critical facilities designed to
withstand the maximum (straight) wind. Hence no parameters for
translational, rotational, tangential, radial, or vertical windspeeds,
for atmospheric pressure change, or for tornado-generated missiles

are advanced.
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Four different missiles were considered with the 210 mph

windspeed (1 x 1076 occurrence/year):
(1) Timber plank 4 x 12, 12 ft long at 139 1bs

(2) Steel pipe, Schedule 40, 3 in. dia., 10 ft long
at 76 1bs

(3) Utility pole, 13.5 in. dia., 35 ft long at 1490
1bs : ' :

(4) - Automobile, 4000 1bs.
Resuits from’fhe computer program showed that only the 4 x 12 timber
plank would be'suétained in the assumed windfield. The 3 in. dia.
pipe and the utility pole were thus ruled out as potential missiles.
The automobile is not sustained in the windfield, but coh1d roll
or tdmble along the g}ound. Therefore, it was included as a plau-
sible missile. This decision agrees with observations of windstorm
damage in the field (McDonald 1974, 1974a).

None of the four missiles would be suspended in the 130 mph _
windfield (1 x 10'4 occurrence/year). As minimum criteria, the
2 x 4 x 12 ft Tong timber at 70 mph (horizontal) is recommended.

F. Relationship of Proposed Design Criteria to Criteria in Regula-
tory Guide 1.76

The AEC Regulatory Guide 1.76 (AEC 1974) suggests a criteria

for tornado resistant design in Zone III with the following para-

meters:
Maximum Horizontal Windspeed 240 mph
Total Pressure Drop 1.5 psi
These criteria are based on a level of risk‘of 1 x 10'7, which

is considered appropriate for nuclear power plant sites. The tech-

nical basis for the Regulatory Guide criteria is contained in WASH-1300

(Markee, Beckerly and Sanders 1974). The technique described in the Wash-1300



report was applied to a 5-degree square region surrounding NTS.

For a level of risk corresponding to 10'6 the technique predicts

a maximum expected tornado windspeed of 150 mph. This compares

with a value of 63 mph determined in the present study for the

same level of risk.

There are two major differences in the approaches used for

determining the tornado risk models:

(1)

In general, the study published in the WASH-1300 report repre-
sents an attempt to regionalize tornado criteria for the entire United
States. The recommendatibns are admittedly "interim" ckiteria. The
results of the present study represent detailed investigations into

both the meteorology of the site and the statistics of the tornado

records.

sistent with the spirit of the WASH-1300 report, and they represent

a comparable level of safety based on the best information available

In calculating the probability of a strike the
WASH-1300 report procedure employs a mean tornado
damage area of 2.82 sq mi. This differs consid-
erably from the 0.39 sq. mi area determined from
tornado records of the four state area surrounding
NTS. Smith and Mirabella (1972) found that the
mean damage area of California tornadoes (1951-
1971) was only 0.11 sq. mi.

The authors of the WASH-1300 report base their
intensity-occurrence relationship on a region
(Zone I11) that is considerably larger than
the 5-degree square surrounding NTS.

The proposed criteria based on the present study are con-:

at the site.
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II1. GUIDELINES FOR DESIGN LOADS

A. Génera]

This section addresses the traﬁs]ation of tornado and extreme wind
parameters from Table V 1nt6 recommended pressure distributions and-
missile impact loads on walls and roofs. Because the most significant
design parameter is a straight wind, the approach to developfng wind
induced pressuré distributions follows, as a gdide, the procedures
advanced in the American National Standards Institute Standard, ANSI
A58.1-1972 (ANSI 1972). The approaches used in developing missile im-
| pact résistant designs follow previously advanced procedures formulated
by the nuclééf.power industry. '

Since these guidelines are to be used for evaluating the struc-
tural integrity of critical faciiities‘at the Nevada Test Sité, it will
be assumed in presenting design pressures and missile impact loads

that:

(1) the pressures and loads given will be treated as ultimate
loads, -and

1

(2) structures will be analyzed and designed by plastic or ulti-
mate strength methods using these ultimate loads.

B. Wind Induced Loads

1. Effective Velocity Pressure

An effective velocity pressure q = 113 psf shall be used as the
basic value. This effective velocity pressure is applicable to build-
ing Heights of 30 ft. or less. For velocity pressures at heights
greater than 30 ft. the 1/7 power law shall be applied. The effective

velocity pressure at height z is given by

23
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q, = 113 K, : (7)

where values of KZ are given in Table VI. Buildings and structures
exceeding 200 ft. in height will require special engineering attention

which is beyond the scope of these design guidelines.

TABLE VI
VELOCITY PRESSURE COEFFICIENT, K2~

Height Above Ground (ft) : AA K*

< 30 o 1.0

50 1.16

100 1.41

150 v 1.58

200 . 1.72

{ V ? |
= (G ]

Critical structures are to be analyzed and designed by plastic or ulti-
mate strength procedures; hence, the effective velocity for critical

structures represents an ultimate loading condition.

2.  Design Wind Pressures

Critical structures which by definition must maintain structural

integrity at design windspeed should be designed for external pressures
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only. (i.e., Do not include atmospheric pressure change associated
with tornado.) Design wind pressures are equal to the product of the
effective velocity pressure q and appropriate pressure coefficients.
External pressure coefficients Cp are used with the effective vglocity
pressure to obtain design pressures for components according to the

equation:

P=4aC, (8)
Care must be exercised in using Equation 8 as the s{gn of the de-

sign pressure p is very important. A positive value for design pres-
sure (+p) means inward acting pressure, and a negative value for de-
sign pressure (-p) means outward acting pressure. The signs for Cp,
referenced in ANSI (1972), are self correcting, and appropriate signs
should be used in Equation 8 to obtain proper signs for the design
pressure p. Building components such as walls and roofs should be
designed for maximum inward acting pressures and maximum outward act-
ing pressures. The pressure coefficients presented in this document
are taken from the American National Standards Institute, Building

Code Requirements for Mimimum Design Loads in Building and Other Struc-

tures (ANSI 58.1-1972).
External pressure coefficients Cp depend upon the type of compon-
-ents being considered and the building geometry.

Walls: External pressure coefficients C_ for walls are given in
ANSI A58.1, Table 7, p. 19. The Pwindward wall exper-
jences a positive design pressure (+p) while the leeward
and side walls experience negative design pressure (-p).

The pressure coefficients for the leeward wall depend on
the ratio of height to horizontal dimension. At all corners
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a local external pressure coefficient of -2.0 shall be used
over a small area to account for localized turbulence. These
relatively high local pressures are assumed to act on strips
of width 0.1w, where w is the least width of the building.
These local pressures are not used in combination with other
pressures on the walls in the determination of overall loads.

Roofs: Flat, arched, and sloped roofs with winds acting parallel
to roof surfaces have negative external pressure coefficients.
The values of the coefficients depend on the dimensions of
the structure. For buildings with a ratio of wall height to
least width of less than 2.5, an external pressure coefficient
of -0.7 shall be used for the roof, and the computed pres-
sure shall be assumed uniform over the entire roof area.
For buildings in which the height to width ratio is 2.5 or
greater, a value of -0.8 shall be used for 'the entire roof
area.-

‘Arched roofs have both positive and negative external
pressure coefficients for wind perpendicular to the axis
of the arch. The roof area is divided into three parts:
windward quarter, center half, and leeward quarter. The
magnitude and sign of the pressure coefficients depend
upon the rise to span ratio. Coefficients for arched roofs
are given in ANSI A58.1, Table 8, p. 19.

. Gabled roofs require a pressure coefficient of -0.7
on the leeward slope for wind perpendicular to the gable.
The values and signs of external pressure coefficients on
the windward slope depend on the slope of the roof and on
the ratio of wall height to least width dimension. Values
are given in ANSI A58.1, Table 9, p. 19.

At ridges, eaves and 90-degree corners of roofs, local
peak external pressures shall be computed using the pres-
sure coefficients given in ANSI A58.1, Table 10, p. 20.
These local pressures shall not be used in combination with
other roof pressures.

C. Design for Missiles

Critical structures shall be designed to resist the missiles
specified in Table V. The missiles are assumed to strike normal to
the wall or roof surface with the minimum cross sectional area (on-
end). In addition, at critical locations the structure should be

’

checked for damage because of collapse of columns, walls, or rigid
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frames resulting from the impact of a tumbling automobile.

1. Penetration Formulas

The penetration of a missile represents a local effect. The pre-
diction of démage includes an estimation of the depth of penetration,
the miminum thickness required to prevent perforation and the minimum
thickness to preclude spalling. As used in this document, perforation
means that the missile passes tﬁrough the wall or roof target, penetra-
tion means thaf the missile embeds itself in the taréet.

a. Reinforced Concrete Target

The Modified Petry Formula is recommended for reinforced concrete
targets. The depth to which a rigid missile will penetrate a reinforced

concrete target of infinite thickness is estimated by the formula:

v2
D =12 K, Ay Logyy (T + 5ye—gg) (9)
where

D = Depth of penetration (in.)

K. = Penetration coefficients for reinforced (see

P Fig. 4 for values)
A = Impact pressure (psf); Missile weight (1bs)/contact

P area (ft2) :

Vg = Missile strike velocity (ft/sec).

When the wall has a finite thickness, the depth of penetration is

-y - 2y (10)

where
T = Thickness of the slab (in.)

e = Base of Natural logarithms
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When the wall thickness, T, is 2D, the penetration D] = 2D and the
wall is just perforated. In order to prevent spalling, the thickness
of the wall shall be a minimum of 3D.

b. Steel Target

The Ballistic Research Laboratory (BRL) Formula is recommended for
penetration and perforation of steel targets. The steel plate thick-

ness (in.) that will just be perforated is

MV
T =é%;?2:2‘ (1)
m
where
My = Mass of the missile (slugs)
Vv = Velocity of the missile (ft/sec)
dp, = _Diameter of the missile (in.)

For an irregularly shaped missile an equivalent diameter is used. The
equivalent diameter is the diameter of a circle with an area equal to
the circumscribed contact, or projected frontal area of the noncircular

missile. The thickness to prevent perforation should be taken as

Tp = 1.25T (12)

The residual velocity (Vr in ft/sec) after perforation is given by

the following equation:

112 x 10° (¢ 1)!-5

]1/2 (13)
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where
v, = Strike velocity of the missile (ft/sec)
d, = Diameter (or equivalent diameter) of the missile (in.)
T = Thickness of the steel plate (in.)
W = Weight of the missile (1bs)

Egn. 13 may be used'for estimating the residual velocity of a mis-
sile after it has perfqrated a target. For example, suppose an exist-
ing door is not capabve of stoping a certain missile. Egn. 13 could
be used to estimate the velocity of the missile after it passes through
the door. |

2. Structural Response to Missile Impact

When a missile strikes a structural component such as a beam or
slab, the failure mechanism may be due to overall structural response
rather than benetration. Of the wissiles specified in Table V, only
the automobile is Tikely to cause this type of response.

Missile impact may be either e]g§tic or plastic. In the case of
elastic impact the missile and target remain in contact for a very
short time and then disengage because of elastic interface restoring
forces. Plastic impact is cHaracterized by the missile remaining in
contact with the target subsequent to impact. Recent impact tests'
(Stephenson 1975) indicate that both the timber missiles and the auto-
mdbi]e result in plastic impact when they strike a solid object such
és a concrete wall. For this reason only the plastic impact case is
treated in this report.

Several methods are available for estimating the maximum response.

The Energy Balance method uses the strain energy of the target at
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max imum responsé to balance the residual kineticrenergy of the target
(or target-missile combinatiqn) resulting from missile impact. An
alternative approach, referred to as the Acceleration Pulse Method,
is possible, if the target-missile interface loading function is
known, and if the dynamic system is modeled as a one degree-of-

freedom e]asto—p]astic system. -This Tatter method is recommended for

~studying the impact effects of the automobile. The maximum response

predicted by the Enérgy Balance method'is 2 to 3 times greater than
that predicfed by the acceleration-pulse technique. However, the
latter values are considered to be more realistic even though they are
Tess conservative.

In experiments with automobile crashes an approximate force-

time function for frontal impact has been derived (Bechtel 1973).

F(t) = 0.625 VS Nm sin 20.06t (14)
where
VS = missile (automobile) strike velocity (ft/sec)
wm = weight of automibile (1bs)

The function is a sine wave with frequency w = 20.06 rad/sec and

period

ot
0

2n/w
(15)

0.314 sec.

The maximum force occurs at t = t/4 = 0.0785 sec, when the velocity
of the striking automobile is zero relative to the target surface.

Under the condition of plastic impact (i.e. target and missile ac-



quire the same velocity after impact) the duration of the impact forcé
is from t = 0 to t = 0.0785 sec. "At t = 0.0785 sec the interface
force diminishes to zero.

The maximum target response is obtained by writing the equation

of motion for a one-degree-of-freedom elasto-plastic oscillator with

 damping neglected.

My + R(y) - F(t) = 0 (16)

In this equation

M' =  effective mass of the target plus the mass of the
missile (1b secZ/ft)
R(y) =  resistance function for the target material (1b)
F(t) = target-automobile interface force function (1b)

For elasto-plastic target response with no other concurrent loads on

the target, the resistance function is

R(y) = Ky (O<y<y,y)

R(y) = Kyy = Ry (¥Ya1<Y<Ymax (17)
where

y = the displacement of the target (ft)

Yop * the displacement at yield in the target material (ft)

K = stiffness of the target (1b/ft)

Rm = maximum plastic resistance

The above relationships are illustrated in Fig. 5.
The effective target mass during impact varies and generally

increases to a maximum at the end of the impact duration. Expressions
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for estimating the average effective mass ére given in Table VII.
The equation of motion may be solved by numerical techniques.
The problem may'be further simplified by replacing the l1oad function
given by Egn. 14 with'an equivalent rectangular pulse. The applied
impulse is, by definition, the area under the load function. Inte-

grating over the load duration

!

[ (0.625 V, W, sin 20.06t)dt
0.0785
0

-1
0.625 VS Wm [56763 cos 20.06t} (18)

0.625 YS Wm (0.05)

Thus an equivalent rectangular pulse is one whose magnitude is

F] = 0.625VSNm and whose time duration is td = 0.05 sec.

The Acceleration-Pulse method of numerical integration gives a
reasonable solution if the time step At is taken less than one tenth
the fundamental period of the target. The disp]acemeht during the
first time step is estimated using the equation

_l.. ’
Y1 = 7 Yght (19)

Displacements in subsequent time steps are obtained from the recur-
rence relationship

2
)

Yo = g - vpy oyt (20)

Once the maximum displacement bas been found, the ductility ratio u

is calculated
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TABLE VII

EFFECTIVE MASS OF TARGET
DURING IMPACT

Concrete Beams:

BTYC _
Mg = (D +21) 5= (8 <D, +2T)
Y ' ‘
_ : , c ‘
My = (Dx + 2T) (Dy +2T) T 3 : (B > Dy + 2T)

Concrete S]abs:

Y
= +
Me (Dx‘+ T)(Dy T

@'n

Steel Beams:

Me = (DX + 2D) Mx

Steel Plates:

Ys
e Dx Dy T —a

=
1

D. = Maximum missile contact d1men51on in the x- d1rect1on (Tong-
itudinal direction for beams and slabs)

D. = Maximum missile contact dimension in the y-direction (trans-
Y verse to longitudinal direction for beams and slabs) '

B = Width of concrete beam (not to exceed Dy + 27T)

T = Depth of concrete beam or thickness of concrete slab
M, = Mass per unit length of steel beam

y. = Unit weight of concrete

y. = Unit weight of steel

Acceleration due to gravity

(=]
]

34
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" The maximum recommended ductility ratios to absorb energy of
missile impact for various components are given in Table VIII. The
ratios should be redhced appropriately if axial loads in addition to
lateral impact loads are involved.- For reinforced concrete walls,
the ductility ratios given in the Table are for low percentage of
reinforcement; the ratios should be reduced if higher than recommended_
percentage of reinforcement is used. Precautions should be taken to
prevent premature failure of reinforced concrete wall slab due to
diagonal tension, due to punching shear, or due to bond failure. If |
reinforcing bars are terminated in the tension zone in the wall slab,
there could be a reduction in the capacity of the slab. In the case
of steel beams the flanges must be thick enough to prevent local buckling.
The Acceleration-Pulse technique is illustrated in an example

problem in Section III. D. 5. c.



Component

Steel Beam

Concrete Beam or
One-Way Slab

Concrete Two-Way
Wall Slab-

36

TABLE VIII
RECOMMENDED DUCTILITY RATIOS

Maximum Ductility Ratio

15
*
10 (with o < 0.01)

20 (with o < 0.005
in each direction)

.

* s
p—

o

q° ratio of steel.area to concrete area.
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D. Design Example

This example treats the case of reinforced concrete building
that mjght be found at NTS. The example is not modeled after any par-
ticular building at the site. bn]y'the design loads are determined.
Structural design of the individua] components of the building is be-
yond the scope'of these guidelines.

A plan view of the building outline is shown in Fig. 6. Overall
dimensions of the building are 92 ft x 56 ft. The wall height is 30 ft
in the critical area. The critical nature of functions performed in-
side the building requires that the structural integrity of the build-
ing be maintained. A1l doors and openings shall be designed to with-
stand the design windspeeds and the'impacts from windborne missiles.

A covered walkway separates the critical structure from a non-critical
portion of the building which has conventional concrete masonry walls
and a steel joist roof system.

1. Design Criteria

The critical portions of the building shall withstand wind load-
ings equivalent to:

Maximum windspeed, 210 mph

Missi]éé: Timber with nominal dimensions 4 in. x 12 in. x 12 ft

Tong weighing 139 1bs and traveling at 90 mph (horizontal)
and 60 mph (vertical).

Automobile weighing 4000 1bs tumbling at 25 mph.
2. Wind Induced Loads

The effective velocity pressure is q = 113 psf. Since the wall
height is less than or equal to 30 ft, no adjustment in q is needed

because of height.
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T a. External Pressure

From ANSI A58.1, Tab]e 7:

Windward wall: (+0.8)(113) = 90 psf
Leaward wall: (-0.5)(113) = -56 psf
Side wall: h (-0.7)(113) = -79 psf
Roof: (-0.7)(113) = -79 psf

b. Local Effects

Wall corners: (-2.0)(113)

-226 psf acting on a
strip 5.6 ft wide at
outside corner.

Eaves (all around perimeter of roof):
(-2.4)(113) = -271 psf acting on a
strip 5.6 ft wide.

Roof corners:  (-5.0)(113) = -565 psf acting on an
area 5.6 ft x 5.6 ft
at all corners.

3. Wind Induced Roof Diaphragm and Shear Wall Loads

The walls are assumed simply supported at the footing and at the
roof.
a. Winds from North or South

Diaphragm load: (113)(+0.8 + 0.5) (30)/2 = 2204 pif

Total diaphragm load = 2204(92)
| = 203,000 1b
Force per ft on shear
walls . 203, 000(1 )
= 4229 plf

b. Winds-from East or West

Diaphragm load 113(0.8 + 0.5)(30)/2

2204 p1f

39



40

Total diaphragm load = 2204(24)
— = 52,900 1b
Force per ft on shear
wall - 52,9001
. = 288 pl1f

4. Controlling Design Wind Loads

a. MWalls _
- 1. +90 psf (acting inward)
2. -79 psf (acting outward)

3. -226 psf acting outward on a strip 5.6 wide at each
outside corner. This load primarily controls the hori-
zontal steel required to tie the two intersecting walls
together. It is not used in combination with other
externally applied loads.

~ 4. 4229 plf load on shear walls at east and west end of
the building.

- 5. 288 plf load on shear walls at north and south sides
of the building.

. b.  Roof
1. -79 psf acting upward.
- 2. . -271 psf acting on 5.6 ft wide strip all around the peri-

meter of the building. This load controls the steel re-
. quired to anchor the roof slab to the top of the walls.
—_— It should not be used in combination with any other loads.

3. -565 psf acting upward on a 5.6 ft x 5.6 ft area at
each roof corner. This load also affects the anchorage
of the roof slab to the top of the walls. It should
not be used in combination with any other loads.

- - ¢. Components

1. +90 pst

2. -79 psf

3. Local effects (at wall corners, roof corners and eaves),

if the component is located within the areas 1nf1uenced
by the local effects.



41

5. Missile Induced Loads

Three examples are presented below which illustrate the use of

the missile penetration formulas:

a. Reinforced Concrete Target

The Modified Petry Formula shou]d be used to determine the thick-
ness of reinforced concrete required to resist the design timber missile.
Assume fé =,4000 psi for the concrete.

Determine the minimum thickness of the wall fo just prevent per-
fbration: |

The Modified Petry Formula is given by Egqn. 9.

4000 psi (Ref. Figure 4)

K. = 0.0028 for f'
p C

- 139
132 fps

V. = 90 mph

2
] (132)
D = 12(0.0028)(480) Log)o [ 1+ 3724np ]

= 0.55 in.

Clearly, missile penetration into a reinforced concrete wall is not

critical for this design windspeed.

b. Steel Target:

Determine the thickness of a steel plate in an overhead'door to

prevent penetration of the design missile:

Neglect deflection of the door and assume the supports are rigid.



42

139 .
P.o 4.32 slugs

132 fps

Area of missile = 41.7 1'n.2

b=
i

The equivalent circular diameter is

The thickness_of the
the BRL formula

The design thickness

. w

4(4.7) _ 7 29 in.

v

plate to just prevent perforation is obtained from

2/3
[ 4.32(132)° :
_ "2 _ ) )
T= 672(7.29) = 0.23 in. (Equation 11)
should be
T =1.25T
P
= 0.29 in. (Equation 12)

Suppose the material available for the door cladding is only 1/8 in.

thick. Estimate the residual velocity of the design missile after per-

foration. Use Eqn. 13:

<
]

it

[(132)

| 172
1,12 x 10% (7.29 x 0.125)1 -5

139

2

102 ft/sec (70 mph)
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c. Structural Response of a Concrete Wall to the Impact of a Tumbling
Automobile ‘ ~ .

Check the adequacy of a 12 in. concrete wall panel when impacted
by ‘a 4000 1b automobile (M,= 124.3 slugs) traveling at 25 mph (36.7 ft/sec).
The wall is simply supported at top and bottom and has a height of 15 ft.

The point of impact is 5 ft above the base of the wall as shown in

Fig. 7.
Assume:
f.c = 3000 psi
fs‘=440,000 psi

" Vertical steel #9 @ 12" o.c.

A = 0.99 in.2/ft of wall

Calculate wall parameters (Refer to Fig. 8):

d=12-1.31=10.69 in.
o = ]Ooégg = 0.00772

A value of p < 0.5 Ph assures adequate ductility of the slab.

6
n=-——22x10 - 8.73

(150)1+° (33)/ 3000

Usen=29
Calculate the yield moment My on the basis of straight line theory:

12(kd) 5%

kd

8;91 (10.69 - kd) (22)

3.25 in.
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=z
8]

fSAsjd
3.25

- 40,000 (0.99)(10.69 - =3

380,400 in. 1b/ft
3.49 x 10° ft. 1b/11ft width

. : Che;k fc:

- ' 'C = 40,000 (0.99)

39,600 1b

*—h
"

2C/bkd ” | (24)
2(39,600
12(3.25%

2031 psi < fc

Note that for this cross section

It

M, = 397,800 in.Tb/ft |

M
M

0.96 Mu
- Calculate moment of inertia

- [ . 12.(3.25 3 4 8.91 (10.69 - 3.25)2
0."' 3 .

630.5 int/ft

|
"

6936 in%/11 ft width

Stiffness of one way slab

3EIL

o . K =
'azbz
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_ 3(3.2 x 10%)(6936) (15)
(5)2 (10)° (144)

2.77 x 10% 1b/ft (11 ft width)

‘The maximum resistance of the slab is

R o= ML
" ab

_3.49 x 10° (15)
m (5) (10

5

R
m

1b

1.05 x 10

The def]ection'to produce y1e1d.1s

yE] K—

1.05 x 10°

2.77 x 10°

0.0378 ft  (0.45 in.)

(25)

(26)

(27)

For the impact of an automobile the loading is considered to be

a rectangular load pulse. The magnitude of the pulse is

F] = 0.625 VS Nm
where Vo = strike velocity of the automobile (ft/sec)
wm =-weight of the automobile (1b$)

Tn this example

'F] 0.625 (36.7)(4000)

4

9.18 x 10" 1b

(28)
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The duration of the load pulse id is 0.05 sec. The load pulse and
assumed resistance function are- shown in Fig. 9.

The impact is assumed to be plastic. Thus upon impact the veloc-
ity of the wall and the automobile are the same andlthey move together
to the point of maximum deflection, Y max’ The equiva]ent mass bf the

slab itself is (Table VII):

Mé = (0, + (D, + T)(T)-Ig S _ (29)
where le, Dy = dimensions of the contact érea (ft)
'Yc = the unit weight of concrete,(1b/ft3)
g = acceleration due to gravity.(ft/secz)
T = the thickness o%'the concrete (ft)
Me = 6(5)(1)(150)/32.2 |

139.8 1b.sec’/ft

Since the effective mass of the target and the missile move together

the total mass is

M' = Me + Mm

139.8 + 124.2 (30)
264.0 1b.sec?/ft

1t

The equation of motion in generé] terms for this one-degree-of-freedom

elasto-plastic system is

M'y + R{y) - F(t) =0 (Equation 16)
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Or, because of the nature of the assumed resistance function

MY+ Ky - =0 (0<y<yg;)

My + R -Fy=0 (¥o19Y<Yax) (31)

Substituting appropriate values and rearranging, the equations become

&

y = 347.7 - 1.049 x 10% (0<y<0.0378)
y = 347.7 - 397.7
= _50.0 : (0.0378<y<y, . ) (32)

The above equations may be so]Ved by using numerical integration, or
the tables and charts in Biggs (1964) can be used to determine Ymax
and the time tmax at which it occurs.

The Acceleration-Pulse method is presented in this example. The
relationship needed to determine the displacement during the first time
step is

2

yy = 1/2 90 (at) (Equation 19)

Subsequent displacements are given by the recurrsion formula

_ . 2 . .
Yeel = 2¥¢ ~ Yeq * yt(At) (Equation 20)

The period for this equivalent one-degree-of-freedom system is given

- M'
t = ZTTV K—
264.0 (33)

=2'n—ﬁ-
2.77 x 10

by

0.061 sec
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The time step At should be less than t/10. Use At < 0.006 sec. The
calculations are summarized in Table IX. The maximum deflection

(ymax = 0.127 ft) occurs at t = 0.054 sec. The corresponding ductility

ratio is

Y
_Ymax _ 0.127 .
u = Vo 00378 3.36 (Equation 21)

The ductility ratio is well within the allowable of 10 recommended in
Table VIII. .Therefore the 12 in. concrete slab is adequate to resist
the impact of the 4000 1b automobile trave]fng-at 25 mph.

Note that the wall height used in the calculation of the structural
response was not 30 ft as given in the example problem. A 30 ft high
wa]i impacted 5 ft from its support is more likely to experienée a
shear response failure rather than due to bending. Therefore the 15 ft
high wall was used in the example to illustrate the Acceleration Pulse

method as outlined in Section C. 2.



TABLE IX

1

NUMERICAL SOLUTION TO EQUATIONS OF MOTION

51

Time Ellapsed F]/Ml R/Ml ) ')3 ) S'/ At2 y
Step Time ft/sec ft/sec ft/sec ft ft
Sec
0 0 #7.7 0 347.7  1.39X107
1 .002 - | -7.29 340.4 1.36x1073  6.95x107%
2 .004 .28.89  318.8 1.28x10°3  2.75x1073
3 .006 -63.83  283.9 1.18x10°%  6.08x1073
4 .008 111.0 237 9.48x10°%  1.06x107°
5 .010 -168 180 7.21x10°%  1.60x1072
6 012 _232 116 a.63x10"%  2.21x1072
7 .01 -301 47, 1.86x10°%  2.87x1072
8 116 -372 -25 -9.84X10"°  3.55%1072
9 .018 397.7 -50 -2.0x107%  4.22x1072
10 .020 } . } 4.87X10:§
n 022 5.50X10
12 .024 6.10x1072
13 .026 6.69X107°
14 .028 7.26X1072
15 .030 7.81X1072
16 .032 8.34x1072
17 .034 8.85X1072
18 .036 9.34X10"2
19 .038 9.81X107%
20 040 1.03X10”]
21 042 1.07X107]
22 .044 1.11x107]
23 046 1.15%107]
24 048 1 ! ' ! 1.18X107"
25 050 347.7  397.7 -50 2.0x107% 7 1

.22X10°



TABLE IX (CONT'D)
NUMERICAL SOLUTION TO EQUATIONS OF MOTION
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Time Ellapsed F]/M"2 R/M : y ; y at? y
Step Time ft/sec ft/sec ft/sec ft ft

Sec
26 .052 0 397.7  -397.7  -1.59X1073 1.25X10")
27 .054 0 397.7  -397.7  -1.50x107>  1.27x10°"
28 .056 0 397.7  -397.7 - -1.59x107% 1:27x10°7]
29 .058 0 | 1.26X107
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APPENDIX A

TABLE OF FUJITA-PEARSON TORNADO SCALE. Characteristics of a tornado can be expressed as a
combination of Pujita-ascale windspeed and Pearson-scale path length and width. This scale
permits us to classify tornadoes between two extreme FPP scales, 0,0,0 and 5,5,5.

F-scale Maximum Windspeed P-scale Path Length P-scale Path Width
Scale mph kts /s Scale miles km Scale ft . yds meters
F 0.0 40 - 35 18 P 0.0 0.3 0.5 P 0.0 17 6 s

0.1 43 37 19 0.1 0.4 0.6 0.1 19 6 6
0.2 46 40 21 0.2 ‘0.4 0.6 0.2 21 7 6
0.3 49 43 22 0.3 0.5 0.7 0.3 24 8 7
0.4 52 46 23 0.4 0.5 0.8 0.4 26 9 8
0.5 56 48 25 0.5 0.6 0.9 0.5 30 10 9
0.6 59 51 26 0.6 0.6 1.0 0.6 33 <11 10
0.7 63 54 28 0.7 0.7 1.1 0.7 37 13 11
0.8 66 57 30 0.8 0.8 1.3 0.8 42 14 13
0.9 70 60 31 0.9 0.9 1.4 0.9 47 16 14
F l.0 73 64 33 P 1.9 1.0 1.6 P 1.0 53 18 16
1.1 77 67 34 1.1 1.1 1.8 1.1 59 20 18
1.2 81 70 36 1.2 1.3 2.0 1.2 66 22 20
1.3 84 73 38 1.3 1.4 2.3 1.3 74 25 23
1.4 88 77 40 1.4 1.6 2.6 1.4 84 28 26
1.5 92 80 41 1.5 1.8 2.9 1.5 94 31 29
1.6 96 84 43 1.6 2.0 3.2 1.6 105 35 32
1.7 100 87 45 1.7 2.2 3.6 1.7 118 39 36
1.8 104 91 47 .8 2.5 4.0 1.8 133 44 40
1.9 109 94 49 1.9 . 2.8 4.5 1.9 149 S0 45
F 2.0 113 98 S0 P 2.0 3.2 5.1 P 2.0 167 56 51
2.1 117 102 52 2.1 3.5 5,7 2.1 187 62 57
2.2 121 105 54 2.2 4.0 6.4 2.2 210 .70 64
2.3 126 109 %6 2.3 4.5 7.2 2.3 235 78 72
2.4 130 113 58 2.4 5.0 8.1 2.4 265 88 81
2.5 135 117 60 2.5 5.6 9.0 2.5 297 99 90
2.6 135 121 6z Z.6 6.5 10.2 2.6 333 111 3102
2.7 144 125 64 2.7 k9! 11.4 2.7 374 125 114
2.8 las 129 66 _2.8 7.9 12.8 2.8 419 140 128
2.9 153 132 68 2.9 8.9 14.3 2.9, 470 157 143
F 3.0 158 137 70 P 3.0 10.0 16.1 P 3.0 528 176 161
3.1 162 141 73 3.1 11.2 18.0 3.1 591 197 180
3.2 167 145 75 3.2 12.6 20.3 3.2 665 222 203
3.3 172 149 . 77 3.3 14.1 22.7 3.3 744 248 227
3.4 177 154 79 3.4 15.9 25.6 3.4 837 279 256
3.5 182 158 =~ 81 3.5 17,8 28.6 3.5 940 313 286
3.6 187 162 R3 3.6 20.0 32,2 3.6 1054 351 322
3.7 192 167 86 3.7 22.4 36.0 3.7 1183 394 360
3.8 197 171 88 3.8 25.1 ° 40.4 3.8 1326 442 404
3.9 202 175 90 3.9 28.2 45.4 3.9 1489 496 454
F 4.0 207 180 93 P 4.0 31.6 50.9 P 4.0 1670 557 509
4.1 212 184 95 4.1 35.5 57.1 4.1 1874 625 571
4.2 218 189 97 4.2 39.8 64.1 4.2 2102 701 641
4.3 223 194 100 4.3 44.7 71.8 4.3 2354 785 718
4.4 228 198 102 4.4 50.1 80.6 4.4 2646 882 ~ 806
4.5 233 203 104 4.5 56.2 90.4 4.5 2967 989 904
4.6 238 207 107 4.6 63.1 102 4.6 3332 1111 1.0 km
4.7 244 212 109 4.7 70.8 114 4.7 3738 1246 1.1
4.8 250 217 112 4.8 79.4 128 4.8 4194 1398 1.3
4.9 255 222 114 4.9 89.1 143 4.9 4704 1568 1.4
F 5.0 261 227 117 P 5.0 100 161 P 5.0 1l.0mi 1760 1.6
5.1 267 232 119 5.1 112 181 5.1 1.1 1971 1.8
5.2 272 236 122 5.2 126 203 5.2, 1.3 2218 2.0
5.3 278 241 124 5.3 141 227 5.3 1.4 2482 2,3
5.4 284 246 127 5.4 iss 255 5.4 1.6 2798 2.6
5.5 289 251 129 5.5 178 286 5.5 1.8 3133 2.9
5.6 295 256 132 S.6 200 321 5.6 2.0 3520 3.2
5.7 301 261 135 5.7 224 360 5.7 2.2 3942 3.6
5.8 307 267 137 5.8 251 404 5.8 2.5 4418 4.0
5.9 313 272 140 5.9 282 454 5.8 2.8 4963 4.5

56



APPENDIX B
Windspeed Probabilities
Based on Fisher-Tippett Type II Distribution
For more specific details of the calculations presented herein,
reference is made to Thom (1968). The Fisher-Tippett Type II distri-

bution is given by the equation : .
F(V) = exp [ -(v/8)7" ] (81)

where

F(V) is the probability that the windspeed will not exceed the
value V in one year.

B, y are constants to be determined.
Values of B8 and y are determined for a specific location from the data
presented in the Thom article. Contour maps are presented for annual
extreme-mile windspeeds for 2, 10, 25, 50 and 100 year mean recurrence
intervals. Theée values are plotted on the special Fisher-Tippett
Type 1I probability paper (Figure B1) and a best fit straight line is

drawn through the points. Then by obéerving from the curve that

F(40) = 0010

F(100) = 0.999,

Equation (B1) may be used to solve for and

exp [- (40/8)7"]
exp [- (100/8)7"]

0.010
0.999

1]
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Values are found to be

g = 47,22
vy = 9.21
Equation (B1) thus becomes
CF(V) = exp [ V/47.22)70+%1) (82)

where-V is expressed in mph.

The probability that the windspeéd will exceed a value V is

P

SARLUN | (83)
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FIGURE B1.

WIND SPEED-MI/HR.
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ABSTRACT

'Ab6Finch concrete and an 8—inchvblock test
panel were impacted by 2 x 4 and 4 x 12 wood
missiles at 65 and 85Amph to simulate wind-
borne missile impacts of nuclear facilities.
The 6-inch concrete test panel was found to

be an effective harrier.



SECTION 1
SUMMARY

Tests with tw§ sizes of hypothetical wind-borne wooden
missiles impacting reinforced 6-inch (.15 m) thick concrete and
8-inch (.2 m) concrete block test panels have been completed. The
objective of the L-test program was to ascertain the,vulnerability of
nuclear faciiify walls to penetration and backface scabbing through

mockup test panel tests.

The results are sumarized as follows:

MISSILE VELOCITY TEST PANEL RESULTS

2 x U x 12 ft. 65 mph 6 in. Concrete No Damage
(3.7 m) - (29 m/s) (.15 m)

L x 12 x 12 ft. 85 mph 6 in. Concrete Hairline Cracks
(3.7 m) (38 m/s) (.15 m)

2 x b x 12 ft. 65 mph 8 in. Block Hairline Cracks
(3.7 m) (29 m/s) (.2 m)

b x 12 x 12 ft. 83 mph 8 in. Block Perforation
(3.7 m) . (37 m/s) (.2 m)

This repbrt gives detailed data in the tests coﬁpleted and

the test setup used in obtaining the data.



SECTION 2

TEST DESCRIPTIONS

In this section are described the missiles, test panels, test
facility, and the camera setup for all tests. Test results are

given in Section 3.

MISSILES:

Two sizes of wooden missiles, postulated to be borne in the
vicinity of a nuclear facility, were evaluated. They were a 12-foot
(3.7 m) 2 x 4 weighing 16 pounds (7.26 kg) and a 12-foot (3.7 m)

4 x 12 weighing 107 pounds (48.5 kg). Each were Douglas fir.

TEST PANELS:

Test panels were designed to be prototypical of nuclear facility
walls. Each 17-feet square (5.2 m) test panel had the same clear span
(15 by 15 feet (4.6 m)) thus providing a one-foot (.3 m) simple support
on all four sides. ‘ ‘

The 6-inch (.15 m) thick concrete test panel had a design
strength of 3000 psi (20.7 MPa) with a maximum aggregate size of 3/L-
inches (20 mm). Compressive strength as determined from laboratory

cured samples (6-inch (.15 m) diameter by 12-inches (.3 m) long) was:

DATE TESTED AGE-DAYS STRENGTH - psi
2-6;76 8 : 2550 (17.6 MPa)
2-12-76 1k -2710 (18.7 MPa)
2-26-76 28 " 3380 (23.3 MPa)
3-8-76 39 3940 (27.2 MPa)

3-8-76 39 3610 (24.9 MPa)



Sieve analysis of the fine and coarse aggregates used in

fabrication of the test panel was:

Percent Finer by Weight.

SIEVE SIZE COARSE FINE

1" ' 100

3/ - 91.8

1/2" 51.5

3/8" - 2h.,0 } 100
No. U 5.7 99.6
No. 8 1.6 89.7
No. 16 68.3
No. 30 45.8
No. 50 A 24,2
No. 100 8.0
No. 200 3.9

The reinforcing bars used in the test panel were No. k (.5-
inch (12.7 mm) nominal diameter) Grade 40 at 12-inches (.3 m) on
center. To climinate debonding and pull-out of the ends of the rein-
forcing bars, all bars had an 180-degree tensile hook at the panel edges.
The 8-inch (.2 m) concrete block test panel was fabricated
within a steel channel support frame. (Note the test panel sténding
in Figure 1). Reinforcing bars in the test panel were No. 5 (.625-
inch (15.9 mm) nominal diameter) Grade 40 on 32-inch (.8 m) centers.
The same concrete mix design as used in the tabrication of the 6-
inch (.15 m) test panel was used to fill all cells of the block wall.

No laboratory cured samples were made for compressive strength tests.



TEST FACILITY:

The test facility, located at the Sandia Laboratories, Tonopah
Test Range, includes a missile launcher, a backup structure for support
of test panels, and a camera instrumentation system.

A view of the missile launcher is shown in Figure 1. It
consists of a launcher rail, a missile guide, and a rocket propelled
pusher sled and its brake system.

The launcher rail for the rocket propelled sled is a 130-foot
(39.6m), wide flange I-beam mounted on pedestals for aiming the
missile at the desired impact location. The desired speed for the
missile is attained by selecting a launch position on the rail and
the number of rockets (up to four) mounted to the sled. The rockets
used are High Velocity Aircraft Rockets (HVAR) with a burn time of 1.25
seconds and an impulse of 5500-pound seconds (24.5 kN-sec.).

At the impact end of the launcher, crushable aluminum honey-
comb captures the sled and the rockets, leaving the missile in free
flight for 20 feet (6 m) to the test panel.

The fixed backup structure reacts impact loads by means of
both its mass (4O tons (36 kg)) and footings that transmit forces
to the ground. The 1-foot (.3 m) thick backup structure is 1T7-feet
(5.2 m) square and 8-feet (2.4 m) deep. Grout between the test panel
(no grout was used with the concrete block test panel) and the backup
structure assures uniform test panel support. Test panels are supported
at their bottom by eight 6-inch (.15 m) wide I-beams embedded in the
concrete apron. In addition, turnbuckle and cable ties hold the test
panel against the backup structure.

High speed motion photography was used extensively in each
test to obtain the motion of the missile before, during, and after
impact. The cameras were positioned on the frontface normal to the
flight of the missile and at the rear of the test panel to observe
scabbing and debris motion. The framing rate for the cameras was
3000 frames per second with 10 KHz timing superimposed to facilitate
data rcduction. These films are available for viewing upon request

to Sandia Laboratories, Tonopah Test Range, Tonopah, Nevada.



FIGURE 1 - Overall View of Test Facility




SECTION 3

TEST RESULTS

The objective of this test program was to evaluate prototypical

test panels to the impact of hypothetical wind-borne wooden missiles.

TEST VELOCITIES:

To meet the program objective, postulated velocities of 7O mph
(31 m/s) and 90 mph (40 m/s) were selected for the 2 x 4 and 4 x 12
missiles respectively. All tests were conducted at the middle of the
test panel at a point between reinforcing bars with the missile impact-

ing normal to the test panel.

IMPACT DAMAGE:
Test panel and missile damage resulting from the four tests
conducted is as follows:
TEST 1 A2 x4 at 65 mph (29 m/s) was impacted in the
center of the 6-inch (.15 m) concrete test panel.
Neither the 2 x 4 (Figure 2) nor the test panel
showed any damage as a result of the test. The
missile did fail, however, from column loading
at a point 2 feet (.6 m) from the impact end. The
impact end of the 2 x 4 did not show effects of
the impact loading.
TEST 2 AL x 12 at 85 mph (38 m/s) was on the same test
panel and at the same impact location as Test 1.
The panel survived the test with only a minor
hairline backface (Figure 3) crack. The missile,
on the other hand, deformed 23 inches (.58 m)
(Figure L4).



FIGURE 2 - Te - 2 x bk Post Test



FIGURE 3 - Backface Test 2 - 4 x 12 at 85 mph

FIGURE 4 - Missile Test 2 - Post Test



TEST 3 A 2 x 4 was impacted at 65 mph (29 m/s) at the
center of the 8-inch (.2 m) concrete block test
panel. A small indentation of approximately 1/8-
inches (3 mm) (Figure 5) resulted on the frontface
and a hairline crack on the backface (Figure 6).
No damage was done to the missile.

TEST L4 Al x 12 at 83 mph (37 m/s) was impacted on the
same black wall and at the aame impact location
as the previous test. The missile perforated the

test panel (Figure 7 and 8).

It is clear from the post test examination of the 2 x L4 wooden
missiles that insufficient kinetic energy was available to either exceed
the strain energy of the missile or to produce significant test panel
damage. The impact ends of both 2 x 4's from Tests 1 and 3 were un-
spoiled at the test velocity of 65 mph (29 m/s).

The post test examination of the 4 x 12 from Test 2 clearly indi-
cates sufficient strain energy was developed within the missile to de-
form it. At virtually the same impact velocity in Test 4, the block
test panel failed in shcar. The impact end of the missile was unspoiled
yet with numerous longitudinal fractures of the missile. The block
test panel was weakened from the impact of Test 3 thus making it virtu-
ally impossible to compare the relative strength of the block test panel
with the missile. The same multiple hit testing occurred with the block
wall panel in Reference 3, where the block test panel was weakened from
a previous test and the panel failed in shear when hit by the wooden missile.
It too was virtually unspoiled at the impact end when tested at 105 mph
(47 m/s). A third test on the same bBlock test panel in Reference 3 was
conducted at another location than the previous two tests resulting in
a shear failure of the test panel and longitudinal cracks without impact
end deformation. This test was conducted at 100 mph (4L.7 m/s), at a
point 2.5 feet (0.76 m) below the damage area of the previous tests.



FIGURE 5 - Frontface Test 3 - 2 x 4 at 65 mph

FIGURE 6 - Backface Test 3 - 2 x 4 at 65 mph



FIGURE 8 - Backface Test 4 - L x 12 at 83 mph



Within the range of parameters tested, the 6-inch (.15 m)
concrete wall is an efficient barrier to the 2 x 4 and 4 x 12
wooden missile. The concrete block wall, on the other hand, is not

a recommended barrier to the 4 x 12 wooden missile.

SECTION 4

DATA COMPARISONS

Several full-scale and scale test programs have been conducted
by others wherein wooden missiles have been impacted into concrete
and block test panels. A brief summary of these data are shown in
Table 1. Comparison of these data with the work‘reported herein in-
dicate similar damage results. The concrete barriers are effective
in deterring the wooden missile whereas the 8—inchbfilled concrete
block test panels are penetrated and many generate backface spall

products.



TABLE 1

EEF.

o oo

MISSILE WELGHT VELOCITY TARGET PENETRATION
4 x 12 x 12 £5. (3.7 m) 108 1b. (50 kg) 191 mph (85.% m/s) 16 in. (.4 m) Concrete O 5
4L x 12 x 12 ft. (3.7 m) 108 1b. (50 xg) 200 mph (89.4 m/s) 16 in. (.4 m) Concrete 0 5
h x 12 x 12 ft. (3.7 m) 103 1b. 50 xgz) 240 mph (107 m/s) 16 in. (.4 m) Concrete 0 6
35 ft. (10.7 m) gti;ity 1500 1b. (63D kg) 139 mph (62 m/s) 12 in. (.3 m) Concrete 0 (1) N
oLe
35 ft. (10.7 =) gtility 1470 1b. (657 kg) 139 mph (62 m/s) 18 in. (.46 m) Concrete 0 (1) L
ole
2 x 12 x 12 ft. (3.7 m) 50 1b. (22.7 kg) 105 mph (47 m/s) 8 in. (.2 m) Block 3 in. (76 3
mm) (2)
2 x 12 x 12 ft. (3.T-m) 53 1b. (24 kg) 10C mph (44.7 m/s) 8 in. (.2 m) Block 5.5 in. (140 3
mm) (2)
3 3/8 in. {85 mn) Pcle 23 ib. (10.4 kg) 18C mph (80.5 m/s) 6 in. (.15 m) Concrete 0 2
3 3/8 in. (86 mm) Pcle 23.2 1b. (10.5 kg) 176 mph (78.7 m/s) 4.5 in. (.1 m) Concrete 0 (2) 2
3 3/8 in. (86 mm) Pole 23.4 1b (1€.6 ke) 290 mph (129.6 m/s, 4.5 in. (.1 m) Concrete 0 (2} 2
in. (.2 m) Pole 201 1b. (91 kg) 20L mph (91.2 m/s) 12 in. (.3 m) Concrete 0 1
in. (.2 m) Pole 199 1b. (9C.3 kg) 300 mph (13& m/s) 12 in. (.3 m) Concretes 0 1‘
in. (.2 m) Pole 200 1b. (9C.T kg} 334 mpa (149.3 m/s) 24 in. (.6 m) Concrete 0 1

Slight Cracks on backface

Backface Spall



(1)

(2)

(6)
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Fig.']. Map of Nevada Test Site.
Fig. 2. Annual precipitation cycle at Cane Springs (11 yr record).
Fig. 3. Rainfall intensity - duration curve for 100 yr (1% probability)

storm at Nevada Test Site.
Fig. 4. Able Area drainage basin.

Fig. 5. Able Area drainage system,

Fig. 6. Channel 1-A by B-5130 and B-5140.
Fig. 7. Channel 3-A near B-5120,
Fig. 8. Channel 3-A ends near B-5120.

Fig. 9. Channel 3—A flowing off Able site.

Fig. 10. Beginninngf Channel 4-A by B-5110.

Fig. 11. Channe1 4-A crosses road to B-5100.

Fig. 12. Baker Area drainage basin.

Fig. 13. Baker Area drainage system.

Fig. 14. Channel B-1 near B-5310.

Fig. 15. Abrupt end of Channel B-1 near B-5310.
Fig. 16. Paved area by B-5310. |
Fig. 17. Channel B-2 around B-5310.

Fig. 18. Channel B-3 parallel to Baker site road.
Fig. 19. Channel B-4 near B-=5318, B-5319, and B-5320.
Fig. 20. Channel B-5 near B-5325.

Fig. 21. Channel B-5 at B-5325



APPENDIX G
HYDROLOGY FOR THE 410 AREA (AREA 27)

GENERAL
Geography _ .

The 410 Area (Area 27) is located in the éoufh central portion of the
Nevada Test Site (see Fig. 1). The area comprises a drainage basin formed
by Skull Mountain on the west, Hampel Hill on the east, and on the north
by a ridge running east-west between Hampel Hill and Skull Mountain. The
southern end of the basin slopes southwest toward Rock Valley and the north-
ern end of the Amargosa Desert. Elevation ranges from 1800 m on Skull
Mountain to approximately 1300 m at the southern boundéry of the 410 Area.
Geology

The general soil characteristics at the Nevada Test Site described by
Romney] indicate the soil in this type of terrain to be alluvial deposits
containing unconsolidated parent materials low in clay content. This soil
can be c]assifiéd as silty, sandy gravel according to the Unified Soil
Classification System2 and identified by the group symbol, GM.

Although soils of this type range in permeability from moderately slow
to moderately rapid, the soil in this area has been found to be well drained
with medium permeability. |

The vegetative cover of the 410 Area is very sparse and mainly consists
of tumbleweed-type shrubs spaced at 60-90 cm apart and growing to about 30-60

cm in height.
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Precipitation

‘Precipitation in an arid climate varies in intensity and duration accord-
ing to season. Winter rains are of long duration, 10@ intensity, and tend
to cover broad areas. Often winter precipitation is snow in the higher
elevations. In February 1969, apprdximate]y 32 mm of warm rain fell in 24
h on an existing 250-mm-deep snow cover in Area 410. Even though this was
6n1y a 20% flood, it was sufficient to cause runoff. No damage was recorded.

Summer rains are normally of short duration, high intensity, and affect
small areas. These rains cause late summer flash floods. On July 29, 1968,
43 mm of rain was recorded in 1 h at Cane Springs rain gauge but no damage
was recorded for the Able or Baker sites.

The annual precipitation cycle for Cane Springs Shows a2 maximum in
February, a secondary maximum in Jﬁly, a minimum in September, and a second-
ary minimum in May, (see Fig. 2)ﬂ

Data taken over 11 years at the Cane Springs Re;ording Station show
an annual average precipitation ofv183 mm with 37 days per year having measur-

able precipitation.

SURFACE HYDROLOGY
The Rational Furmula
The rational formu]a3 for predicting flood runoff will be used in this
assessment. It is: |
Q = CIA
where
Q = peak runoff
C = runoff coefficient
I = average rainfall intensity for a duration equal to the period of
concentration

A = area nf the drainage basin.
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This formula is applicable to small drainage areas (less than 2.6 x 107 m2)
where few, if any, rainfa11 and runoff records are avai1ab1e. The formula

does not take info account the variability of the rainfa]] rate and the
infiltration capacity of the soil. However, the maximum runoff (flood) will
occur at a point-in time when the entire drainage area is contributing to

the runoff. TheAtfme it takes to reach this point is called the time of
concentration and varies with ground vegetation, maximum overland flow length,
and slope.

The rainfall 1ntensity.must then be figured based on the time of
concentration and the desired frequency. This can be done by starfing with
a base storm of desired frequency and 1 h duration. The intensities for
other durations, equal to the time of concentration, may be obtained using
the rainfall intensity duration curve shown in Fig. 3.

The 100 year 6r 1% probability storm intensity for:the NTS was obtained
from a rainfall frequency atlas for Nevada.4 The 1 h storm intensity was
found to be 25 mm/h.

In order to provide a}worst-case condition for this flood analysis,
it was assumed that the storm happened in the late winter with snow still
on the ground. It was determined that the snow would coﬁtfibute 10% addi-
tional precipitation equivalent and, because the ground would be semi-frozen, _
much of the precipitation will appear as runoff. Thus, a value of 28 mm/h
is used as the base storm to obtain the rainfall intensity for the time of

concentration for each drainage area considered.
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storm at Nevada Test Site,



The runoff coefficients for the soil type found in the 410 Area
ranges from 15% to 65% depending on vegetation and ground hardness. Due
to the scarce vegetation and the semi-frozen nature of the soil, a runoff

coefficient of 45% was chosen.
ABLE AREA

The Able site is located in an 88 acre drainage basin north of Hill
4341, draining to the southwest, see Fig. 4. There are four major drainage
channels in the area, see Fig. 5.

Channel 1-A drains the runoff from the main access road and paved area
southeast of Buildings 5140 and 5130. It is a 0.15-m-deep earth channel
with a 1.22-m-wide top that slopes 2% toward the southwest corner of the
Site, see Fig. 6. The maximum capacity of Channel 1-A (0.15 m3/s) would
not be exceeded during the 1% probable flood due to its small drainage
area.

Channel 2-A runs northeast along Building 5140, makes a 90° turn
around the end of Building 5140 and ends. This channel is not much more
than a Tow area at the edge of the pavement. Because of the small slope
of this channel, its maximum capacity is low, 0.04 m3/s. Runoff will
probably pond instead of flowing freely. Since there is only 6 cm clearance
between the channel and the door of the building, the channel should be

redefined, similar to Channel 1-A.
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Fig. 6. Channel 1-A by B-5130 and B-5140.
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Channel 3-A drains a 28 acre basin north of the Able site. A natural
channel funnels the runoff to a culvert under the main access road into
Channel 3-A. The culvert has partially collapsed under the road and will
not handle the flood flow entering Channel 3-A. The water wf]] back up
until it tops over the road and possibly wash it out.

The design plans show Channel 3-A to be a shallow channel running
across the Site, exiting southwest of Building 5120. This channel is almost
filled with sand due to weathering, see Fig. 7. The channel ends about 6
m from the culvert outlet, see Fig. 8.

Runoff water will sheet flow from this point and follow the Site grade.
The sheet flow will be shallow enough not to damage any of the buildings
and will accumulate and flow off site in the remaining end of Channel 3-A,
southwest of Building 5120, see Fig. 9.

Channel 4-A is a diversion of a natural channel draining the 40 acre
basin northwest of Building 5110. This channel is about 1.2 m deep at the
turn where the natural channel enters Channel 4-A and follows the fence to
a road Teaving the 5100 Area, see Fig. 10. There used to be a double cul-
vert that allowed the water to flow under the road and continue in Channel
4-A. In June 1975, the culvert collapsed under the weight of a Toaded truck.
A decision was then made to fill and stabilize the road, see Fig. 11. The
water will now back up until it tops the road and flows over to a 3.7-m-wide
trapezoidal channel running along the fence. The elevation of 5100 will
prevent any flooding due to runoff in this area.

The existing channels should be maintained routinely to remove vegeta-
tion and silt.

The calculations for this analysis are included as Attachment A to this

Appendix.

ul e



Fig. 7. Channel 3-A near B-5120.
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Fig. 8.

Channel 3-A

ends near B-5120.

%



Fig. 9. Channel 3-A flowing off Able site.

i,



Fig. 10. Beginning of Channel 4-A by B-5110.
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Fig. 11. Channel 4-A crosses road to B-5100.
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BAKER AREA

The Baker Area is situated in a 2.8 x 105 m2 drainage basin south of
Hill 4341 and west of Hampell Hill, see Fig. 12. There are five important
drainage channels in the area, see Fig. 13.

Channel 1-B drains a portion of the area of Hill 4341 upon which the
water tower is located. The channel passes through a 61-cm-CMP (corrugated
metal pipe) culvert under the security road and continues about 9 m before
making a 90° turn, see Fig. 14. This channel runs parallel to the fence
and ends abruptly at the north corner of the fence, see Fig. 15. The flood
flow, 0.06 m3/s, through the culvert and into the channel seems small but,
at a velocity of 0.9 m/s and depth of 0.15 m in the channel, it could be
enough to undercut and wash away the soft-earth berm at the bend. This
would allow the water to drain to the paved area of 5310. This paved area
is completely level, see Fig. 16.

The concrete apron is sloped 2% to give a 12 cm elevation at the bay
doors of Building 5310. Before the water could build up to a 12 cm depth,
it would flow into Channel B-2 around Building 5310 or into the road.

Channel B-2 runs around Building 5310 and behind the two storage Butler
buildings. Channel B-2 starts as a 15-cm-deep depression around the north-
east side of Building 5310, (see Fig. 17) and continues as such to Building
5306. At Building 5306, a one-half section of CMP culvert was used to line

the ditch to its exit at the security fenceline.

5y
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Fig. 14. Channel B-1 near B-5310.
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Fig. 15. Abrupt end of Channel B-1 near B-5310.
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Fig. 16. Paved area by B-5310.
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Channel B-2 has the capacity to handle a flow of 0.17 m3/s which would
not be a problem during a rainstorm. The only flooding potential of Build-
ing 5310 would be caused by the failure of the 3 x 105-£ water tank on top
of Hill 4341. This volume of water would exceed the drainage capacity of
any of the channels around Building 5310.

Channel B-3 runs along the lower road and drains the rest of Hill 4341
and the road area from the Site entrance. This channel passes under the
road through a 61-cm-CMP culvert just south of the 5318-20 Complex, see
Fig. 18. The culvert was found to be half filled with dirt and weeds. The
channel continues in a southeasterly direction to join a deep, natural drain-
age channel flowing off-site. Channel B-3 does not pass near any critical
buildings and will not pose a flooding danger. The culvert and culvert
entrances should be maintained to prevent undercutting or possibly washing
out of the road.

Channel B-4 drains the Targest area in the Baker site. It diverts
water around the bunker complex, specifically Building 5318 through which
flood water would normally drain.

Two main streams from the drainage area contribute most of the surface
runoff to Channel B-4. These are channeled through two, 61-cm-CMP culverts
under the dirt security road, see Fig. 19. They are joined by the drainage
from Channels B-1 and B-2 from the 5310 Area. Channel B-4 collects all this
water in a broad wash, diverts it around the southeast corner of the fence
and through a 91-cm-diam culvert to join the deep natural ditch flowing south
off-site. The elevation of 5318 and the earth inside the southeast corner
of the fence eliminate any flooding potential to the buildings. However,
the tendency of the water to follow its natural course has caused under-

cutting of the fence posts which should be reinforced and maintained.

=24
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Fig. 18. Channel B-3 parallel to Baker site road.
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The flood flow of 1.44 m3/s will top over the road at the 91-cm-diam
culvert but will not backup enough to cause any damage to the bunkers. Run-
off from the bunker complex itself is drained through a culvert and joins
the deep natural channel south of the complex. The grading of the area and
the elevation of the bunkers prevent flooding.

Bunker 5325 has only what Tittle runoff is generated in its area. The
water flows along the edge of the pavement toward the northeast side of the
fence, see Fig. 20. There is a drainage grate in the fence; however, it
has not been maintained and has silted up causing a 10 cm rise from the
channel, see Fig. 21. The water would pool in a low spot but would top out
the rise of the road before flooding the bunker. This rise should be removed
to allow the runoff to flow freely into a second deep natural drainage ditch
flowing west.

The existing drainage channels as designed are adequate to prevent
flooding from natural rainstorm. The 90° bend in Channel B-1 should either
be reinforced or a deflection placed in the culvert exit so that the culvert
will not wash away. The end of Channel B-1 should be cleared and joined
with the drainage along the security road. In generé], all the channels
and culverts should be routinely maintained to remove vegetation and silt.

The calculations for this analysis are included as Attachment B to this

Appendix.
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Fig. 20. Channel B-5 near B-5325.
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Fig. 21. Channel B-5 at B-5325.
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SUBSURFACE HYDROLOGY
The USGS Test Well F, Tocated at Nevada State Coordinates N731,853;

E.661,153 was completed in 1962 at a depth of 1040 m.6

It penetrates three
tuff aquitards, (Wahmonie, Salyer, and Pavitt Spring) and ends in Paleozoic
dolomite.

The Wahmonie Formation extends from the subsurface to a depth of about
337 m. It consists of ash-fall tuff, tuffaceous sandstone, and Tithic tuff.
The Salyer Formation consists of volcanic brecia, tuff, and tuffaceous sand-
stone and extends from 339 m to 452 m. The Pavitt Spring Formation, 452 m
to 957 m, consists of calcareous claystone and siltstone, massive tuff,
fluvial and lucustrine tuffaceous deposits, conglomerates, limestones, and
dolomite.

The major carbonate aquifer extends from 957 m to 1040 m and consists
of fractured Paleozoic do]omite.7

The general trend is for infiltration to percolate downward to the
aquifer. There is, however, some water trapped by an aquitard. This

8

"perched" water was observed in Test Well F at 23 m Additional perched

water was found at lower depths.

The static water level of the aquifer was 529 m below the surface.9

10 were taken in the 410 Area before construction of facil-

Soil borings
ities. The deepest of these were drilled 21 m. Sand and gravel are preva-
lent in the first 15 m. Beyond 15 m, tuff was cncountered but water was
not found in any of the borings.

With the closest subsurface water at 23 m, there is no chance of flood-

ing due to the subsurface water level.

e
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ATTACHMENT A

CALCULATIONS FOR ABLE SITE HYDROLOGY



FLOOD FLOW HYDROLOGY

- I. Drainage to Channel 3-A .

Area = 28 acres

1650 ft

Overland flow
Slope = 10%

Max storm = 1.1 in./hr

Runoff factor = 45%
Concentration time = 17 min
17 min storm intensity = 2.25 in./hr

Q= CIA = 0.45 x 2.25 x 28 = 28 cfs (0.79 m3/s)

II. Drainage to Channel 4-A

Area = 40 ‘acres

Overland flow = 2797 ft
Slope = 7% |

Max storm ='1;1 in./hr

Runoff_factor 45%
Concentration time = 25 min
25 min storm intensity = 1.85 in./hr

Q=CIA = 0.45 x 1.85 x 40 = 33 cfs (0.93 m3/s)
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FLOOD FLOW HYDRAULICS . .
1.22 m

Channel 1-A .O.J;rn

Top width = 1.22 m . n = 0.025 i

Depth = 0.15 m | "~ Channel 1-A

Slope = 0.02 m/m . . | -

Maximum capacity = l;%g' AR2/3 ﬁJ:S ) %f%gs (0. 12)(0 ])2/3 \/0.02 = 0.15 m3/s

*% .
Formula for A & R

4 0.3m ‘\
Channel 2-A - o 4.6m ~—“F4
|
Top width = 4.9 m —-_-_-‘—‘_—-_—--_"““~—--__J// 5{
Depth = 0.06 m ' .' 0.06 m
Channel 2-A
STope = 0.004 m/m :
n = 0.020
* D3k
Maximum capacity = 14%9- AR \J S .

2/3,1 ' 2/3)1 _
g’:ggo {(o 27)(0.03 )}+[(0.02)(0-03 J' 7/0.004 = 0.04 m3/s

*Mann1ngs constdnt 1.00 for metric units from HEC-2 Water: Surface Profiles,
Programmers Manual (June 1973) p. 36.

Formu]a for A and R in V. T. Chow, Open-Channel Hydraulics, McGraw Hill
Book Company, New York (1959) pp. 2T and 129.
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ATTACHMENT B

~ CALCULATIONS FOR BAKER SITE HYDROLOGY



FLOOD FLOW HYDROLOGY (See Fig. B-1)
I. Flood Flow to Culvert

Above Building 5310 = Sub-Basin 1

Area = 1.3 acres slope @ 17%

Max hr 1% storm = 1.1 in./hr
Overland flow length = 370 ft
Concentration time = 9 min

Max 9 min 1% intensity = 2.75 in./hr
Runoff facfof‘= 45%

Q=CIA = 1.61 cfs (0.05 m°/s)

II. Flood F]ow] to Building
5318

Sub-Basin 2

Area = 50.56 acres

Overland flow length = 1900 ft

Max 1 hr 1% storm intensity = 1.1 in./hr
Concentration time = 16 min

Max 16 min 1% storm intensity = 2.25 in./hr

Runoff factor = 45%
Q=CIA =51 cfs (144 m3/s)
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Overland flow time.
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FLOOD FLOW HYDRAULICS

Channel B-1

Runoff to culvert = 1.61 f3/s‘
24 in. P CMP culvert
n=0.024 S=1%

Flowing full:

of - 149 A3 \/./s 149 (3.14)(0.5)%/3 V0.0I =12 £

From graph2 (Fig. B-2)
q .
5=0.28

= 0.69

<|<

.f?

V = 0.69(3.8) = 2.6 f/s
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Channel B-1

w23 - \/;yz.s i}

——

1.5 ft

g n [ - (1.61)(0.025)
T /s TNy 4
Channel B-1

y = 0.52 ft

Q1.6 , _
Velocity A7 0.5)2' 2.5 f/s B
Channel B-2 F_, 6 ft {
Ist Section 1 T

g a2/3 V2 S~ =
Qmax = 57525 | = | 54
_ Channel B-2, st section

r 1.5]
1.49 72 = (6.5) ) 3
0025 |9 V6 | Vo.01 - 6.88 £°/s

Channel capacity = 6.88 f3/s

2nd Section

o |
.49 1¥8\ [yies3 ) 3
Q= 5024 ( 3 (2} y0.01 =6.14 /s

Channel capacity = 6.14 /s

r—ZFf —

A\ T
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Channel B-4 culvert

Runoff to culvert = 5.1 cfs
24 in. @ CMP culvert
n=0.024 S=0.02

Maximdm flow (under pressure):4

- s 2
A = area of opening = 7 ft

I
It

pressure head = 1 ft max to top of road

=
I

total less coefficient = 1.5

Qmax = 7 \/2 3$)5] = 46 cfs

Flood flow = 51 cfs so will top over road.
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