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USEcology, Inc.

9200 Shelbyville Foad, Suile 300
P.0O. Box 7245

Louisville, Kenlucky 40257-0246
502/426-7160

USEcology

an American Ecology company

September 28, 1992

Mr. John Vaden, Manager

Low-Level Waste Project

Bureau of Regulatory Health Services
State of Nevada

505 East King Street, Room 101
Carson City, Nevada 89710

Dear Mr. Vaden:

The purpose of this letler is to file a license renewal application for the
Nevada State Health Division Radioactive Material License No. 13-11-0043-02,

in accordance with NAC 459.820. Please find attached to this letter two
copies of the complete cubmittal for license renewal as defined in NAC 459.820.

Included as part of this submittal is the Beatty Facility Standards Manual,
the Beatty Contingency Plan and the Beatty Operational Procedures. US Ecology
is proposing no changes in the operations to be conducted at the Beatty
Low-Level Radioactive Waste (LLRW) Disposal Facility and thus feels that these
existing documents should remain the same. US Ecology is seeking only to
continue current operations beyond 1992. Two changes have been made to the
enclosed Facility Standards Manual; the license application date has been
revised and the address of American Ecology has been updated.

A revised Site Stabilization and Closure Plan is also included with this
submittal. The Site Stabjlization and Closure Plan was revised to reflect
more recent data, studies -and infomation that has become available. us
Ecology is not proposing any technical changes to the State approved 1989 Site
Stabilization and Closure Plan for the Beatty LLRW Disposal Facility.

We will be giad to provide any additional copies that you may need during the
review process. If there are any additional questions or concerns, please
feel free to address them to my attention.

Sincerely,

fiol o

Richard E. Sauer
Vice President

RES: njc
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The December 1989 "Beatty, Nevada Low Level Radioactive Waste Disposal
Facility Stabilization and Closure Plan was approved by Nevada Division of
Health. That approved plan is being revised to reflect updated information
dealing with geology, site contours, closure Cosis and long term care
funding, Similarily, this Closure Plan is in response to the Facility Lease
Agreement Closure requirements and Radicactive Material License Closure

requirements.

Lessee agrees to perform the following activities in accordance with the Lease
Agreement between US Ecology and State of Nevada, ltem XVI11, dated May [,

19/7:

(1) "burial of all radioactive;"
Covered by Objective 2, Section 5.0

(2) "removal of all surface structures and equipment except 1lighting
equipment, fences and gates;"

Covered by Objective 2, Section 5.0
{3) "all equipment and facilities which cannot be released by
radiation survey after decontamination will be disposed of, or
transported from the Site, as radiocactive material;"

Covered by Objective 2, Section 5.0

(4) "backfilling and mounding of all open trenches, without ex-
ception, in accordance with radioactive material license
requirements;"

Covered by Objective 2, Section 5.0; Objective 4, Section
8.0; and Objective 8, Section 12.0

(5} "reduction of radiation levels to 2 mR/hr at ground level within
radioactive burial area;" ’

Covered by Objective 4, Section 8.0
(6) "plugging and capping water wells and dry wells;"
Covered by Objective 5, Section 9.0

(7) "the Fast access gate to the radiological burial facility will be
sealed shut;" .

Covered by Objective 13, Section 17.0

(8) "jnstalling alarms on all remaining gates which will activate in
Deputy Sheriff's office in Beatty when gate is opened;"




Covered by Objective 12, Section 16.0

(9) "replacement of faulty or damaged fencing;"
Covered by Objective 13, Section 17.0

(10) "replacement of any illegible or damaged warning signs;" and
Covered by Objective 13, Section 17.0

(11) "final radiation survey and written report to LESSOR which is
confirmed by LESSOR.

Covered by Objective 4, Section 8.0
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.0

BEATTY, NEVADA LOW-LEVEL RADIOACTIVE
WASTE DISPOSAL
STABILIZATION AND CLOSURE PLAN

GENERAL
The "Beatty, Nevada Low-level Radioactive Waste (LLRW) Disposal

Stabilization and Closure Plan,” herein referred to as "Closure Plan,”
is the document that will provide specific site requirements to assure
that the facility is closed in accordance with the state of Nevada
Radioactive Materials License 13-11-0043-02, Amendment 14 and the Lease
Agreement between the state of Nevada, Department of Human Resources and
US Ecology, Inc,

The Closure Plan also provides an operational plan to assure that the
waste materials which were disposed of during the operational phase of
the facility continue to remain in a suitable, stable and safe con-
dition, thus allowing for minimal maintenance on the part of the cus-
todial agent during the custodial care period. Facility c1oSUre is an
integral part of each radiological work procedure and operational proce-
dure used throughout the operational phase of the facility. Tnerefore,
the prime objective of the environmental monitoring program, receipt and
burial procedures, and the procedures utilized to construct, fill,
stabilize and cap the burial trenches, is to assure that the individual
disposal units, and the facility as a whole, meet the pertinent require-
ments for the protection of the public during the necessary custodial
care period.




2.0

FACILITY CHARACTERISTICS

2.1

Description of Facility

The Beatty LLRW Disposal Facility is owned by the State of Nevada,
and is leased to and operated by US Ecology, Inc., which, prior to
January 1, 1981, was known as Nuclear Engineering Company, Inc.
Operations began at the facility in October 1962. The total
acreage leased by the State to US Ecology covers approximately 80
acres, however, only approximately 40 acres are dedicated to the
disposal of LLRW. The remaining part is utilized for the disposal
of hazardous chemical and toxic wastes under EPA Permit No. NVT
330010000, but is separated from the LLRW diéposa] facility by a
7-acre, 200-foot-wide, non-disposal-use buffer zone. A topo-
graphic map showing the site plan configuration of the two dis-
posal areas and the buffer zone is shown in Attachment 1. The
hazardous waste management (RCRA) facility is approximately 33
acres in size and has been licensed since 1970. The HWMF also has
been approved for dispdsa] of PCB's since 1978.

R

The LLRW disposal facility 1is 1located in Nye County, Nevada,
Latitade N 36%6'09", Longitude W 116%1'23", approximately 17
miles south of Beatty, in the Amargosa Desert. It is surrounded
by federally-owned land administered by the Bureau of Land Manage-
ment (BLM) as rangeland. The ten 1/4, 1/4 sections (40 acre
square plots) which abut the site boundary are Tleased by BLM
Recreation or Public Purpose Lease Number Nev. 057750 Renewal, to
the state of Nevada for use as a buffer zone. The width of this
buffer zone, therefore, is the width of a 1/4, 1/4 section,
approximately 1320 feet. A topographic map showing the facility
and surrounding aréa is shown in Attachment 2.

The closing of the LLRW disposal facility and closing of the
nhazardous chemical waste landfiil are not expected to happen con-
currently. A different set of regulatory criteria and economic
conditions will determine when each facility will undergo closure.
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The chemical operations are expected to continue until the per-
mitted area is filled or when economic and regulatory factors
adversely affect the economic viability of the chemical disposal
operations. The differing factors which affect the two operations
make it unlikely that the sites will close concurrently.

Climate

The US Ecology Beatty facility is located in the Amargosa Desert,
an arid basin within the Basin and Range physiographic province of
North America. Such basins, in general, experience high evapora-
tive demands and very 1ittle precipitation. The amount of snow
and rainfall that does take place varies considerably within each
basin, and is primarily dependent on elevation.

Summer precipitation takes the form of brief and very localized
thunderstorms. Often, conditions on the basin floor are so ex-
treme that rain from these storms is evaporated before reaching
the ground. Winter precipitation is more widespread, resulting
from frontal systems penetrating eastward from the California
coast. Winter rain or snow will account for most, and
occasionally all, of the annual total at a given location. Totals
from year to year are highly variable, and significant rainfall
events, in the hydrogeologic or engineering sense, may take place

years or even decades apart.

The specific climatic conditions in the Amargosa Desert at the
US Ecology disposal facility are described and discussed exten-
sively by William Nichols (Attachment 3), who analyzed historical
data from both Beatty and Lathrop Wells. The Lathrop HWells
weather station, at 2680 feet above mean sea level, is 100 feet
Tower than the general elevation of the disposal facility. The
Beatty station, after being relocated in 1972, is now 768 feet
higher than the facility. Tnis difference in elevation is re-
flected in the greater average annual precipitation recorded at
the Beatty station. Nichols concluded that, because of the
similar elevation of the weather station, and the strong




correlation in this climate between precipitation and elevation,
the Lathrop Wells data better represented conditions at the

US Ecology facility.

At Lathrop Wells, precipitation averages 2.9 inches per year with
a range of 1.0 to 5.3 inches. An average daily maximum tempera-
ture of 102°F occurs in July, while an average minimum of 28°F
is recorded in January. Relative humidity was measured at the
facility during the period of Nichols' study, and averaged 23% in
summer and 41% in winter, Humidities as low as 9.5% were recorded
in early August. Specific humidity, or the actual amount of water
present (by weight) for each unit weight of dry atmosphere,
averaged 0.6% and 0.3% in summer and winter, respectively. This
data suggests that, except for during or just after rains, the
relative humidity is mostly temperature dependent, and that the
actual atmospheric water vapor content remains uniformly Tlow
year-round.

Potential and actual evaporation at the disposal facility were
also estimated by Nichols, from both historical data and data
collected on site. As would be expected in an arid enviromment,
potential evaporation greatly exceeds precipitation, creating an
annual soil moisture deficit. Actual evaporation was calculated
at 97% of precipitation, with the remaining three percent repre-
senting potential mean annual vrecharge. This potential s
described further in Section 2.5.

The contrast of the climate of the Amargosa Desert with that of
- more humid areas of the eastern United States 1Is marked. The
typical depiction of the hydrologic cycle, especially the com-
ponents of infiltration, runoff, and stream base flow, is dis-
rupted substantially here by the extreme lack of moisture. An
obvious example is the Amargosa River, which, though occasionally
carrying storm water runoff south from the Beatty area, has never
been observed to flow at the point where it passes 1.5 miles to




2.3

the southwest of the facility. In fact, no perennial surface
water exists within ten miles of the LLRW disposal facility.

The US Ecology waste management facility is unique in its location
and in the high degree of natural environmental isolation it
provides. Eastern United States waste disposal locations, from

which studies have described the processes of precipitation infil-
tration, leachate production, and groundwater recharge, experience
over ten times the annual precipitation falling in the Amargosa
Desert. Further, such areas may record four to eight times the
specific humidity, much lower average daily temperatures, and
approximately one-half the estimated evaporation rate {Nichols,
1986). The fact that the Beatty facility does not exhibit the
hydrogeologic processes of facilities in more humid climates makes
it an excellent location for waste disposal operations.

Geology

The Amargosa basin was formed by normal biock faulting, which dis-
placed the surrounding strata upward with respect to the crustal
block underlying the valley. This widespread structural process,
formed the characteristic topography of the entire Basin and Range
province. Erosion of the uplifted areas, during and after their
displacement, has filled the basin with a variety of sedimentary
structures. These deposits have reached a depth of 1000 feet in
the center of the basin near Lathrop Wells.

The sediments of the valley floor are unconsolidated to partly
indurated, and Tertiary to Holocene in age. Deposited as alluvial
fans, streambeds, dunes, and lake beds, they exhibit a very wide
range of shapes and grain size distributions. The mineralogy of
the sediments varies widely as well, reflecting the diversity of
their source rocks.

Alluvial fan deposits extend into the basin from the pediment on
each side, coalescing to form broad bajadas. At the center of the




basin, intermittent prehistoric lakes have deposited extensive
clays and silts, which interfinger with the fan deposits at their
margins. Between periods of lake bed or ptaya deposition, and
since the end of the Pleistocene, fluvial and eolian processes
have dominated deposition in this central area. '

Sedimentary, metamorphic, and igneous rocks make up the faultblock
mountain ranges to the east, west, and north of the Amargosa
basin. These rocks also underlie the younger, unconsolidated
sediments in the valley floor. The age of the various sedimentary
and metamorphic strata is Precambrian and Paleozoic, while the
volcanics present were formed during the Tertiary.

Details of the nature of the unconsolidated strata beneath the
facility have been determined from theévarious borings and well
installations which have been made since 1961. Recently, exten-
sive hydrogeologic investigations have been conducted at the
Beatty facility to determine the soil properties and hydrotogic
characteristics. Four exploratory borings were completed on the
RCRA facility in 1988. The borings were used to collect soil data
and determine aquifer hydraulic properties. This investigation
(The Mark Group, April, 1989) was completed with the installation
of ten 300 series (Detection Monitoring) wells. For well
locations, see Figure 2-1. The 300 series wells are screened in
the water table aquifer. Additionally, six 600 series (confined
aquifer) monitoring wells were constructed in 1991 (Geraghty &
Miller, May 15, 1991). The 600 series wells, screened through the
upper 20 feet of the confined aquifer, were constructed to monitor
piezometer gradient anﬁ groundwater quality.

Two soil borings were drilled at the southwest boundary of the
LLRW facility in 1991 (Geraghty & Miller, May 14, 71991). The
borings were completed as monitoring wells 001 and 002. Both
wells are screened in the water table aquifer and provide water
table elevation data and groundwater radiological monitoring.
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Stratigraphic information derived from the dinstallation programs
shows a sequence of deposits consistent with aliuvial fan and
playa depositional processes. The deposits from the ground sur-
face to a depth of approximately 300 feet beneath the Beatty
facility consists of alluvial deposits. The alluvial soils are
predominantly gravelly sands with pooriy sorted gravel or sand de-
posits which occur in discontinuous intervals.

The gravelly sand extends deeper (approximately 350 feet below
ground surface) at the south western area of the LLRW facility.
The soils are slightly stratified at wells 001 and 002, tompared
to this interval beneath the RCRA facility. The increased
stratification may have resulted from previous fluviation by the
Amargosa River.

Generally, the next 60 to 150 feet of deposits beneath the RCRA
facility consist of silt, clay and indurated deposits. The fine
grained deposits are typical of playa deposits and may change com-
position relatively quickly with depth.

Silt-clay deposits were observed 1n borings 001 and 002. The
upper surface of the silt-clay unit is relatively flat beneath the
northern half of the RCRA facility and appears to deepen to the
southwest beneath the LLRW facility.

The drilling investigations indicate that the water table aguifer
occurs immediately above or within the silt-clay and indurated
sediments. The confined aquifer is observed immediately below
this interval in the sandy gravel.

A coarse sandy gravel is observed beneath the silt-clay interval
and generally becomes coarser as it extends to depth exceeding 575
feet below ground level. '

The deeper gravels, cobbles, and boulders found in each boring
' represent a higher energy, fluvial environment. Site specific
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data is therefore consistent with the general depositional pattern
assumed for the Amargosa and adjacent valleys.

Some very tlocalized variation due to the coalescing of alluvial
fans and intermittent streambed deposition may be jmprinted upon

this sequence.

General Hydrology

There are no perennial streams within 10 miles of the facility. A
reasonable estimate of the average rainfall rate at the site
ranges from 2.5 to 5 inches per year. A conservative estimate of
the evaporation rate is 36 inches per year. A comparison of the
expected rates of precipitation and evaporation indicates that
virtuaily all precipitation is susceptible to a rapid return to
the atmosphere as water vapor. Therefore, the rate of precipi-
tation as well as the pH of the rainfall is not significant. The
facility is not. located on a flood plain (Attachment 4), shore-
Jjand, or a groundwater recharge area, and there 1is no Known
hydraulic connection between the site and potential standing or
flowing surface water. A cross~section map 1illustrating the
jocation of US Ecology's facility in relation to the Amargosa
valley features is included as Attachment 6.

The site is located on a rise on an alluvial fan forming the upper
end of a long valley within the Amargosa Desert. Site elevations
vary from 2787 feet to 2770 feet above mean sea level (MSL). The
1and continues to slope to the southeast for at least 8000 feet as
shown on the USGS quadrangle sheet "Bare Mtn. Nev." Attachment
5). The site is not subject to concentrated storm water flows re-
sulting from extreme rainfall events. Sheet flow which might re-
sult from such a storm is diverted away from the site by drainage
ditches north and east of the site. These existing diversion
features prevent off-site run-on from entering the facility.
Within the disposal "area any runoff which might be generated by
incident precipitation is retained within the below-grade disposal
unit. Any future waste management area will be similarly
protected.




The peak flow for the 100-year storm for the Amargosa River water-
sned above the site was routed around the site to determine in-
dependently if the site Ties within the 100-year flood plain. A
conservative approach was taken by assuming that this desert
region‘has experienced between 0.5 and 1.1 inches of rainfall in
the previous five days by assuming Antecedent Moisture Condition
I1, which is commonly used for hydrological analysis of a humid
region.

The Amargosa River watershed above the site is 139.7 square miles
with a maximum length of 39.05 miles and an average landslope of
eleven percent which accounts for mountain siopes and valiey
slopes perpendicular to the river channels. The drainage area
consists of well-drained sands and gravel soils and may be
characterized as rangeland with poor hydrological conditions. A
Soil Conservation Service (SCS) runoff curve number of 68 was used
in the analysis (Attachment 7) to model the hydrological charac-
teristics, soil types, and Antecedent Moisture Condition II. The
100-year, 24-hour point rainfall is 2.6 inches with a runoff over
the watershed of 0.43 idnches. A 100-year storm hydrograph was
developed and the peak flow was found to be 2056 cubic feet per
second {CFS) at the site.

The Amargosa River consists of six distinct channels, each with an
approximate width of 160 feet as measured from the Bare Mountain
topographic map in Attachment 5, across the desert valley which is .
approximately 4.5 miles wide at the site. The desert drains into
these channels or into smaller swales which eventually empty into
the channels. The channels have an approximate slope of 0.69
percent which is the same as the valley slope.

The routing analysis assumed that only the six channels shown on
the topographic map drained the valley around the site. This is a
conservative assumption since the desert contains many smaller
channels which would also carry the fiow. It was found that the
100-year, 24-hour storm peak flow of 2056 cfs, would be carried

10




into the six channels of the Amargosa River with a flow depth of
0.13 feet. Since the site is at least four feet above the nearest
channel, it would not be impacted by the 100-year, 24-hour flow in
the Amargosa River. Therefore, the site is not within a 100-year
flood plain.

2.4.1

Surface Drainage Features

As previous]y'mentioned, the site is located on a rise in
the desert formed by an alluvial fan. This rise extends
up the valley from the site approximately 4.1 miles form-
ing a drainage area of 1.7 square miles. Drainage from
the remainder of the desert and surrounding mountains is
provided by the Amargosa River channel and natural
drainage swales in the desert and does not impact the site
during a 100-year storm.

Run-on control for the 100-year, 24-hour design storm 1is
provided for the 1.7 square mile drainage area. This 1s
provided by a trapezoidal ditch north of the site which
diverts the major portion of the drainage area 1o natural
swales west of the site and a smaller triangular ditch
along the northern and eastern boundaries of the site to
divert the remainder of the drainage area around the site,
see Figure 2-2. Design drawings and as-built cross
sections of the drainage ditches are included in
Attachment 8.

The on-site drainage area inside "the run-on protective
measures which could presently 1impact the radioactive
waste disposal facility is approximately 56 acres. Runoff
estimates for a 100-year, 24-hour design rainfall of 2.6
inches were computed using SCS methods and are found in
Attachment 9. Desert soil consists of sands and gravels
with good drainage characteristics. Therefore, an SCS
classification of "A" was assigned. The land is best
modeled as a fallow area with poor hydrological
characteristics. Due to the Tow rainfall, the antecedent

11
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moisture condition is AMC I. However, for conservatism,
AMC II, based upon 0.5 to 1.1 inches of rain in the pre-
vious five days was chosen. The resulting Runoff Curve
Number (RCN) was determined to be 77 and the resuiting
runoff over the drainage area was found to be 0.8 inches.

The time of concentration f% ) was found to be approxi-
mately 0.75 hours based upon a RCN of 77, a maximum flow
length of 1320 feet and an average land siope of 0.75
percent. Using Northeast Technical Service Center (NETSC)
Technical Note-Engineering 20 (Rev. 2) by the 3§, the
peak flow of runoff from the site is 27.2 cubic feet per
second (CFS). This would convert to approximately 0.49
cfs/acre.

Flow in the three drainage swales previously mentioned has
been estimated for a 100-year, 24-hour design storm. In
addition, flow depths and velocities have been estimated
to characterize the erosion at the site during a storm
event.

Drainage
Swale Area Flow Flow Depth Velocity
Hestern 15 AC. 7.4 CFS  0.32 ft 1.54 ft/sec
Center 18 AC. 8.8 CFS 0.35 ft 1.67 ft/sec
Eastern 23 AC. 11.3 CFS 0.26 ft 1.74 ft/sec

Computations indicate that very little flow will be ex-
perienced from runoff at the site, even during a 100-year,
24-nour design storm, VYelocities are below -the velocity
required to cause erosion of surface soils at the site.
In fact, the Tow velocities could lead to some deposition
of sediments in the channels. Maintenance of drainage
paths at the facility, therefore, is limited to periodic
inspection and grading to prevent the accumulation of

13




2.5

cediments which might ultimately fill the drainage fea-
tures at the site.

2.4.2 Runoff from Active Area

The controlled area at the LLRW disposal facility where
rainfall mignt come into contact with waste materials is
approximately five acres which is entirely within a
below-grade disposal unit up to 50 feet deep (Trench 22).
With run-on control measures previously described as well
as site grading, the only water that will enter the con-
trolled area will be rain falling within it. Due to the
depth of the excavation, potentially contaminated rain-
water is completely contained in the trench and no runoff
from the controlled area occurs. Any future trenches
would be handled similarly.

Hydrogeology
Numerous reports have been prepared describing the hydrogeologic

conditions at the Beatty facility. Included in these reports are
boring logs, geologic cross-sections, well pumping tests, infil-
tration tests, soil studies, and groundwater contour maps. Data
from more recent reports have replaced or updated earlier work for
the purpose of hydrogeologic evaluation and groundwater monitoring
system design, (The Mark Group, April, 1989, Geragnty & Miller,
May 14 and May 15, 1991).

2.5.1 Saturated Zone
The degree of continuity of the hydrogeologic components
beneath the site may be seen in the cross-sections con-
tained in The Mark Group Report (Drawing 2-2). At each
boring location, saturation began near the .top of an
eighty to one nundred and fifty foot thick sequence of
cemented clays, silts, and sands. This was also true at
the ten 300 series well locations and at wells 001 and
002. The depth to saturation from the ground surface
ranges from near 285 feet on the north side of the site to

14




more than 360 feet on the southwest corner of the LLRW
facility (see Attachment 10}. The interbedding of clays
and cemented silts and sands at these depths serves to
separate the water table aquifer from the confined gravel
aquifer beneath the confining strategy into discrete
hydrogeologic units.

A second aquifer is encountered beneath the cemented
materials near a depth of 380 feet. It consists of sandy
gravels with some cobbles and boulders, and is over 250
feet thick at the southern boundary of the site. The
piezometric level measured in this aquifer occurs near 315
feet below ground surface, indicating a confined
condition. The groundwater gradient in both the upper and
lower water bearing strata is to the south and southwest,
following the trend of the Amargosa Valley. This gradient
is consistent with regionaT data, as reported by Nichols,
(USGS, 1985). '

The interconnection of the upper saturated units with the
lower gravel aquifer was the focus of a series of pumping
tests conducted in 1988, (The Mark Group, April, 1989).
The conclusion drawn from the test data was that hydraulic
interconnection between the two aquifers was not
measurable. The uppermost saturated units were hydrogeo-
Togically independent of the lower gravel aquifer. For
this reason the detection monitoring system was designed
to monitor the uppermost pertion of the saturated zone,

Attachment 10 is a site plan showing water table contours
in early 1992. Groundwater gradients increase to the
south beneath the RCRA facility and are generally uniform
to the southwest beneath the LLRW facility. AIl wells and
borings drilled to sufficient death have encountered a
confined aquifer. A piezometric contour map of the
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confined aquifer is also provided in Attachment 10.
Groundwater flow in the low aquifer is generally to the
south-southwest.

Compilation of uppermost aquifer groundwater elevations
indicates insignificant changes with time. Hydraulic
gradients and flow directions have been, therefore, essen-
tially constant since the detection monitoring system was
installed. A recent comprehensive review of existing site
characterization data indicated that saturated hydraulic
;onductivities had been determined on several subsurface
core samples obtained from the uppermost aquifer during
monitoring well installation (The Mark Group, 1989;
Geraghty & Miller, May 14, 1991). The saturated hydraulic
conductivity data in these reports were used 1o calculate
flow rates.

Hydraulic conductivities in the upper water-bearing zone
range from about 4 X 108 to 107° ft/sec. Hydraulic
gradients are of the order of 0.025-0.05 ft/ft in the
southeastern part of the facility. Groundwater flow
velocity estimates range from less than 0.01 to about 10
ft/yr. The measured hydraulic conductivities are consis-
tent with sample 1lithologies and are considered
representative of the upper water-bearing zone.

Pumping test data from earlier studies (The Mark Group,
1989; Grant & Associates, 1990) indicate that the lower
aquifer has a transmissivity ranging from about 1900 to
3000 gpd/ft. Assuming these values are representative of
the screened intervals of the 600-series wells, and using
gradients derived from Attachment 10, groundwater flow
velocity of about 35 ft/yr. is typical of the lower
aquifer.
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2.5.2

Unsaturated Zone

In addition to geologic logging and the determination of
aquifer characteristics, investigations have also examined
gas migration potentials in the subsurface (Dames & Moore,
1978), and the potential for precipitation infiltration
through the unsaturated zone. The most recent of the un-
saturated zone studies was by Nichols, who tracked soil
moisture contents at various depths over a two year
period. Working from within a 10-meters-deep caisson con-
structed at the disposal site, Nichols installed thermo-
couple psychrometers (a moisture measuring device) hori-
zontally, up to .5 meters into the adjacent undisturbed
sediments. His conclusion, based on the data collected at
the site and on the historical data from Beatty and
Lathrop Wells, was that net precipitation infiltration to
a depth of 2.4 meters may have occurred on three separate
occasions since 1968. Nichols estimated that these pulses
of infiltration could result in downward 1iquid migration
to the groundwater table at the rate of 4 X 10'3 cn/year .
or 1.3 x 10'10 cm/sec. From this value, the travel time
of liquid from the bottom of a 75-foot deep trench (Note
that LLRW facility trenches are 50 feet deep) to the water
table 225 feet below would be 1,7 million years.

The work begun by Nichols was continued, for several
years, by Jeffrey Fischer and David Morgan of the USGS. A
deeper caisson was constructed, with greatiy expanded
instrumentation. Psychrometers are now installed td 13
meters into the surrounding sediments, and are sealed and
insulated from temperature and humidity changes within the
caisson (See Attachment 11)}. It is assumed that data from
the current monitoring facility closely reflects site
conditions.

Water potential data collected by the USGS study shows
little recharge is moving through the shallow alluvial
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2.6

soils (Fischer, 1990). Generally, the hydraulic gradient .
indicates upward movement toward the surface, Seasonal
reversal of the water-vapor flux may occur to a depth of 8
meters (Fischer, 1990). Rainfall during the 2.5 year
study period did not penetrate deeper than about 2
meters. This represents the return to the atmosphere of
infiltrated soil moisture, introduced by the infrequent
precipitation events described previously. Moni'toring of
the USGS facility is ongoing under the direction of Brian
Andraski. These continuing studies have verified that the
water or vapor moving through the soil at the Beatty site
is quite low. Additionally, they have shown that in spite
of the extremely dry conditions, the amount of water
stored in the near surface soil is dependent upon the
amount of vegetation present {Andraski, 1992).

Additional Site Characterization.

For the purposes of the pathways analysis to characterize the LLRW
area, US Ecology has proceeded with the various modeling activi-
ties using the data generated from the completed RCRA site
characterization. To provide additional data specific to the
pathways analysis, 22 samples collected from the exploratory bor-
ings were analyzed to produce moisture tension curves, and to cal-
culate saturated and unsaturated hydraulic conductivities. These
22 samples were collected expressly for this purpose at represenQ
tative depths in each of the four borings. Each sampling depth
also coincided with the sampling intervals used for other
analyses, such as mineralogy, bulk density, and moisture content.

To confirm the conclusion regarding the continuity and trend of
subsurface features beneath the LLRW area, two additional ex-
ploratory borings were drilled and sampled similariy to the four
already completed. The locations of the two additional borings
are midway between Well 302 and the western property boundary
(along the southern boundary of the LLRW area), and at the western
boundary of the site ({see Attachment 10). Each boring was
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completed as a groundwater monitoring well; constructed according
to the specifications used for the RCRA monitoring system. Both
wells are monitoring the uppermost saturated deposits beneath the
LLRN area. The final report of the boring and monitoring well in-
stallations on the LLRW facility, including analytical results of
s0i] tests, are described in the report by Geraghty & Miller, Inc.
May 14, 1991 entitied, "Drilling, Sampling and Installation of Two
Monitoring Wells at the US Ecology, Inc. Beatty, Nevada Facility
Rad Site".
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3.0

WATER USE IN THE AMARGOSA DESERT

3.1

Regional Groundwater Flow Patterns

The surficial drainage area of the Amargosa Desert covers about
2600 square miles and is part of two regional groundwater systems
(Figure 3-1): (1) the Ash Meadows System consisting of a 7150
square mile area of 10 intermontane valleys and occupying the
eastern part of the Amargosa Desert and extensive areas of the
Nevada Test Site (NTS) and Nellis Air Force Range (NAFR) east of
the NTS and (2) the Pahute Mesa System which occupies western
parts of the NTS and NAFR, Oasis Valley, and the western and
northwestern parts of the Amargosa Desert {(including the Beatty
site). These two groundwater systems converge in the Amargosa
Desert and probably continue to the south into Death Yalley. Sum-
maries of previous work on regional groundwater flow in this part
of Nevada can be found in Elliott (1982) and Feeney et al.
(1987). Groundwater flow 1is controlled by alluvium, volcanic
rocks, and carbonate rocks. Thick volcanic sequences associated
with calderas of the NTS and areas to the west become less signi-
ficant to the south, and thick carbonate rock sequences are
assumed to be present beneath the Amargosa Desert (Feeney et al.,
1987).

At Ash Meadows in the eastern Amargosa Desert, discharge from
fault-controlled springs has been estimated to be 17,000 acre-feet
per year {(Walker and Eakin, 1963; Elliott, 1982 and references
therein). Evapotranspiration west of the Ash Meadows springs and
subsurface flow across the Ash Meadows fault to Death Valley may
be other areas of discharge. Recharge to the Spring Mountains has
been suggested to account for up to 65% of the springflow at Ash
Meadows with underflow from areas of the Ash Meadows Groundwater
System to the northeast contributing about 35% of the spr-ingfldw
(Feeney et al., 1987 and references therein).

Amargosa Desert recharge can occur as underflow from adjoining

basins, deep percolation of infiltrated precipitation, and deep
percolation derived from streamflow infiltration. Recharge
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3.2

sources for the westerh and northwestern Amargosa Desert are
apparently numerous and may include: (1) underflow from the car-
bonate aquifer of the Ash Meadows Groundwater System; (2) under-
flow from Oasis Vailey; {(3) Amargosa River infiltration; (4) irri-
gation return flow; (5) surface discharge from Fortymile and
Tonopah Washes; and (6) underflow from Crater Flat. Deep perco-
Tation of infiltrated precipitation in alluvial valleys is most
1ikely a very minor recharge component in tne Amargosa Desert and
probably represents only 0-2% of annual precipitation based on
studies and calcutations in the desert and adjacent areas (e.g.,
Crater and Frenchman Flats; Walker and Eakin, 1963; Feeney et al,
1987; Tyler, 1987). Groundwater flow directions in the Amargosa
Desert are generally to the southeast and southwest (El1liott,
1982; Feeney et al., 1987).

In the Pahute Mesa Groundwater System, recharge to Pahute Mesa and
Gold Flat flows into Oasis Valley. Annual discharge for this sys-
tem is estimated at 9000 acre-feet, with about 2000 acre-feet
being discharged through evapotranspiration in Oasis Valley.
About half the groundwater recharged to Oasis valley flows south
and southeast into the Amargosa Desert through the buried sedi-
ments of the Amargosa River channel (E11iott, 1982; Feeney et al.,
1987). Estimated annual discharge from this groundwater system in
the Amargosa Desert is 7000 acre-feet (primarily as pumpage and
evapotranspiration). Spring discharge in Death Valley has been
estimated at 5000 acre-feet and is due to groundwater flow from
both the Pahute Mesa and Ash Meadows Systems.

Water Use

A report on the groundwater resources of the Amargosa Desert was
published as "Reconnaissance Series Report 14" by G. E. Walker and
T. E. Eakin in 1963. As is true at present, groundwater develop-
ment was concentrated between Lathrop Wells and Death Valley
Junction with more than 100 wells in place for irrigation. Peren-
nial yield was estimated at 24,000 acre-feet/year based on esti-
mated natural discharge. Spring discharge at Ash Meadows

22




accounted for an estimated 17,000 acre-feet, while the remaining
7000 acre-feet of natural discharge was attributed to evapotrans-
piration and outfiow mainly in the southeastern parts of the
desert. Walker and Eakin (1963) estimated groundwater storage in
the upper 100 feet of saturated alluvial fill in T.15-16S. and
R.48-49E. to be about 1.4 million acre-feet. The Walker-Eakin re-
port is still referenced (e;g., Feeney et al, 1987) and used by
the Nevada State Engineer's Office-Division of Water Resources.

Demographic surveys of the Amargosa Desert and adjacent areas have
veen conducted (E11iott, 1982; Richard-Haggard, 1983). Richard-
Haggard (1983) summarized various estimates of population growth
for Nye, Clark, and Lincoln counties and the Beatty and Pahrump
townships of Nye County through the year 2020, The two estimates
for Nye County differ by a factor of 1.7 in the year 2000 (10,000
vs. about 17,000). Tnhe impact of these estimated population in-
creases on groundwater resources or Uuse was not addressed in these
reports.

Groundwater quality in the Amargosa Desert has been discussed by
Walker and Eakin (1963) and Elliott (1982). Drinking water
sources vary from individual wells at Amargosa Farms and Ash
Meadows to urban well systems such as at Beatty to springs at
Furnace Creek and Shoshone, california (for 1ocatioh map see
Figure 3-2). Chemical analyses of irrigation water (Walker and
Eakin, 1963) showed salinity hazards from medium to high and
mostly low sodium (alkali) hazard. Elliott (1982) analyzed water
samp1es from 22 locations in the Amargoéa drainage basin for in-
organic constituents and for H-3, gross alpha, gross beta, gross
gamma, Sr-89 and -90, Pu-238 and -239, U-234, -235, and -238, and
Ra-226. No concentrations of radionuclides and radioactivity ex-
ceeded drinking water standards; however, some naturally-occurring
inorganic constituents were above Federal standards.

The U.S. Geological Survey recently published a summary of ground-
water conditions in the Amargosa Desert (Kilroy, 1991).
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3.3

Hydrographs of wells in the Amargosa Farms area show water-level
declines from the 1950s to 1987 of greater than 30 feet in some
locations. Nichols and Akers (1985} also found that groundwater
use may have exceeded perennial yield in the Amargosa Farms area,
since water levels in alluvial wells dropped as much as 27 feet
from 1962 to 1984. In the Bare Mountain area (near the Beatty
facility), Kilroy reports that contours of water-level altitude
cross the mountain front at right angles, suggesting that this
area is part of the regional flow system.

A current hydrographic basin abstract of the Amargosa Desert has
been obtained from the Nevada State Engineer's Office-Division of
Water Resources. The abstract lists permits for wells with the
following uses: irrigation, mining and milling, quasi-municipal,
commercial, recreational, domestic, municipal, and wildlife.
Irrigation wells account for 57% of the total, mining and milling
and quasi-municipal (wells supplying more than one house) about
33%, with the remaining uses varying from less than 1 to 4%.
Domestic wells are not fully represented in the abstract since
permits are not usually required. Approximately 90% of the wells
are located in the following areas: T.15S., R.49-R0E., T.16S,
R.48-49E,, T.17S., R.48-53E., and T.18S., R.49-51E. These areas
are in the Amargosa Farms-Ash Meadows region -between Amargosa
valley and Death Valley Junction. The only other areas repre-
sented in the basin abstract are T.125., R.46-47E., T.13S, R.46E.,
and T.195., R.50E. The majority of wells in R.46-47E. are asso-
ciated with mining activities. A pumpage inventory for 1991 in-
dicated about 7,000 acre-feet of groundwater being utilized mainly
by irrigation wells. Estimates of water committed, based on 1985
data, range from 38,000 to 54,000 acre-feet.

Conclusions

Groundwater development and use in the Amargosa Desert is concen-
trated in the Amargosa Farms region, primarily for irrigation.
This region is a minimum of 13 miles from the Beatty facility. No
other operating wells or potential receptors downgradient of the
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facility are known closer than this. Recharge sources for the
Amargosa Farms region are numerous (Kilroy, 1991}, including some
outside the boundaries of the Amargosa Desert drainage basin. The
contribution of groundwater flow from the area of the Beatty
facility is probably minor. In fact, discharge of groundwater
flowing from the area of the Beatty facility could be as far south

as Death Vvalley.
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4.0

VEGETATION AND WILDLIFE
It is well known that plants can both inhibit and promote the mobili-

zation of buried wastes (e.g., perkins and DePoorter, 1985). The root
sone removes soil moisture and the aboveground biomass transpires.
Water storage decreases and the potential for deep percolation 1is
reduced. Plants also reduce the potential for wind and water erosion on
trench caps. Roots can also absorb trace and radioactive elements that
are subsequently translocated into the aboveground biomass. If rooting
depths are great, roots can penetrate into burial trenches to accelerate
radionuclide movement. Burrowing animals have the potential to access
buried wastes and may influence erosion and water balance by changing
soil properties (e.g., Hakonson, 1986).

The following sections discuss specific features of northern Mojave
Desert vegetation and animal communities that bear on site stability and
trench cap performance. Detailed consideration of radionuclide trans-
port and uptake by vegetation and animals will be provided in the
environmental pathways analysis and dose model.

4.1 Native Vegetation
The Beatty facility is part of the northern Mojave Desert,
perennial plant species that occur in the vicinity of the Beatty
site include: Larrea tridentata (creosote bush), Ambrosia dumosa
(bur-sage or burro bush), Krameria parvifolia {range ratany),
Acamptopappus  shockleyi (goldenhead), Atriplex confertifolia
(shadscale), Atriplex canescens (four-winged salt bush), Ephedra
nevadensis (mormon tea}, Lycium andersonii (desert thorn or
wolfberry), and Lycium pallidum (box-thorn). The phenology of
Mojave Desert shrubs was studied at different locations on the
Nevada Test Site (NTS) (Ackerman et al., 1980), and results are in
general relevant to the Amargosa Desert. Winter and early spring
rains are more important for growth than the local, infrequent
summer rains. As soil moisture is depleted and soil temperatures
rise in the summer, some species start to lose their leaves and
become dormant. Some species also can have a dormancy period 1in
the winter. In the spring, Ackerman et al. (1980) observed that
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Krameria parvifolia was the last species to break dormancy in the
Mojave Desert. Shrub species that never shed all their leaves,
and are therefore considered evergreens, and are able to grow
after spring, summer, or fali rains included Larrea tridentata and
the Atriplex species.

Environmental and biological factors have combined in the Mojave
Desert to produce a shrub clumping effect. Only about 20% of the
soil surface is occupied by clumps of growing plants, while the
remaining 80% acts predominantly as a watershed for the vegetated
areas. Within the clumps, the soil has become highly structured
and fertile, and is as favorable for plant growth as soils in more
humid climates. Plant roots in the "fertile islands" extend into
the bare areas to potentially utilize the soil moisture of the en-
tire land area (Wallace and Romney, 1980; Wallace et al., 1988).
This structuring of the soil surface into highly and poorly pro-
ductive areas is of major importance to the maintenance of peren-
nial Mojave Desert ecosystems {Wallace et al., 1980e}.

Vegetational groupings and soil-plant relationships have been ex-
tensively studied at Jackass, Frenchman, and Yucca Flats and at
Rock and Mercury Valleys (el-Ghonemy et al., 1980). Although
strictly relevant to the transition zone between the northern
Mojave and Great Basin deserts, the results are generally
applicable to plant species in the Amargosa basin (differences
would be primarily related to longi tude, elevation, and precipi-
tation patterns). The Larrea tridentata vegetational grouping
contained 23 species which are given in Table 4-1 in order of
abundance. The L. tridentata grouping is the most widespread and
diversified, and is considered the most stable vegetation cover in
this area and consequently represents a climax community
(E1-Ghonemy et al., 1980). E1-Ghonemy et al. (1980) also sum-
marized soil characteristics among the different vegetational
groupings inciuding pH, c0il moisture retention, exchangeable
cation percentages, cation exchange capacity, and total phosphorus
and organic nitrogen. One important factor in the survival of
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plants adapted to arid environments is a more rapid decrease in
transpiration rates than decrease in photosynthetic rates as soil
water potential decreases (Clark et al. , 1980}, Maximum gas ex-
change rates in L. tridentaia and A. dumosa occur during the early
spr1ng months when  high soil moisture conditions are present.
Romney et al. (1980b) measured physical and chemical properties of
soil profiles as a function of depth and horizontally from shrub
clumps to bare areas. Soil properties which had higher values
under shrubs, but which were not significantly different from bare
areas included pH, water-hoiding capacity, and exchangeable Na.
Soil properties that were significantly higher under shrub ctumps
included soluble cations and anions, exchangeable potassium,
cation exchange capacity, organic carbon and nitrogen, available
phosphorous, and extractable iron and manganese.

Several edaphic {soil texture, salinity, and soil moisture stress)
and climatic (temperature) conditions affecting the distributioh
and revegetation (See Section 4.2) of perennial shrub species in
the Mojave Desert are summarized in this paragraph. Larrea
tridentata is known to require good aeration of the root zone and
well-drained soils (Romney and Wallace, 1980), does not grow in
saline or moderately saline soil, and is capable of small positive
net photosynthesis at a soil water potential as low as -65 bars
and is thus able to maintain productivity well into the summer
{Kleinkopf et al., 1980}. A high soil pH may inhibit L.
tridentata seedling development and growth (Hunter et al., 1980b)
and its distribution suggests that it is not adapted to the
colder, wetter climates of the Great Basin desert (Kleinkopf et
al., 1980). It has been observed near Rock Valley that L.
tridentata does not occur in washes, while Lycium andersonii grows
only 1in washes. Ambrosia dumosa and Lycium pallidum occurs in
both wash and nonwash areas. These vegetation patterns could be
due to differences in (1) water availability, (2) soil texture, or
(3) soluble salt content between wash and nonwash areas (Wallace
et al., 1980a). Ambrosia dumosa, Ceratoides lanata, and Lycium
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4.2

pallidum are better adapted to finer-textured soils than L.
tridentata or L. andersonii (Romney and Wallace, 1980). The more
calt-tolerant Mojave Desert species include A. dumosa, Atriplex
spp., and L. pallidum. Atriplex canescens tends to populate
low-lying areas (e.g., playas) that have accumulated clay and
silt, have saline soils with relatively high moisture content, and
that experience winter temperature inversions (Kleinkopf et al.,
1980; El1-Ghonemy et al., 1980). Results of Hunter et al. (1980a)
and Bamberg et al. (1980) indicate that Krameria parvifolia, Yucca
schidigera, and Lycium andersonii have long 1life spans, and
natural revegetation of these species onto disturbed sites would
be very slow. Atriplex confertifolia apparently has one of the
shortest 1ife spans of the shrub species studies. In conclusion,
the distribution of vegetation in an area is controlled primarily
by three groups of interrelated factors relating to soil
fertility, soil salinity, and soil texture and water retention
capacity (Wallace et al., 1988).

Characteristics of Vegetation

4.2.1 Rooting Depths and Other Properties
Information on the rooting depths of native and introduced
species is important in site assessment and trench cap

performance analysis because of the effects of roots on
the quantity and rate of deep percolation of soil moisture
and on potential radionuclide uptake. Quantitative data
on root depth distribution for plants in the northern
Mojave Desert is not extensive. The work of Wallace et
al. (1980d) in Frenchman Flat and in Mercury and Rock
Valleys will be summarized in the following paragraph.

Wallace et al. (1980d) sampled the root systems of the
following perennial plant species: Acamptopappus
shockleyi, Larrea tridentata, Lycium andersonii, Lycium
pallidum, Ephedra nevadensis, Ambrosia dumosa, Krameria
parvifolia, Atriplex canescens, and Atriplex
confertifolia. These species include those dominant in
the vicinity of the Beatty facility.
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Nearly all the root systems were distributed in the first
50 cm of soil. The majority of the below ground bijomass
was at depths less than 50 cm. Biomass means for the nine
species as a function of depth were:

0-10 cm: 39%
0-20 cm: 70%
0-30 cm: 86%
0-40 cm: 95%

Large multiple taproots doninated the root systems in the
top 10 cm of the soil, while small roots occurred between
10 and 30 cm. Krameria parvifolia and A. shockleyi were
more shallow rooted than other species. These two species
have more than 857 of their root systems within the first
20 cm. Data from Rock Valley on depth distribution of the.
very fine root biomass indicated no difference from roots
in general. The depth distribution of winter annual

plants was more shallow tnan for perennial species. The
first 5 cm of soil contained 19-31% of the annual plant
root biomass. The shallow rooting characteristics of
perennial and annual plants in the Mojave Desert can be
related to the sparse precipitation and to soil structure.

Foxx et al. (1984a, 1984b) reviewed the literature for
rooting depths of western U.S. plant species. They also
provide available data on root depth to shoot height
ratios, radial root Jateral spread to shoot heignht, and
root depth to root Vateral spread. Life forms for which
data are presented include trees, shrubs, subshrubs,
annual forbs and grasses, and perennial forbs and
grasses. Relatively few species of importance to the
Mojave Desert are represented. The region of southern
Nevada occupied by the Amargosa Desert is shown by Foxx et
al. (1984b) to have the most shallowly rooting species in
the western U.S. Within their Region 1 (inciuding
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southern Nevada, much of Arizona, southeastern California,
southern New Mexico, and western Texas), 75% of the speci-
mens recorded rooted at depths of 92 cm or less. The
median root depth for all plants in their survey in sandy
soil was 75 cm. Rooting depths of eight native annual
grass species, irrespective of region, were within the
first 91 cm, with the highest frequency at 30 cm. Data on
cumulative rooting depth frequencies indicate that grasses
and forbs have more shallow root systems than shrubs.

Foxx et al. (1984a) provide data on rooting depths of
species at low-level radioactive waste site at Los Alamos
National Laboratory (LANL). Only a few species are rele-
vant to the Mojave Desert and include Salsola kali
(Russian thistie) and Yucca spp. Salsola was represented
by only one specimen with a rooting depth of 67 cm, while
Yucca spp. averaged 112 cm with a range from 30-213 cm.
1t must be recognized that LANL is in an avaporation-
precipitation region with generally deeper-rooting plants
than in the Mojave Desert (Foxx et al., 1984b).

Information on Salsola kali and two species similar to
ones in the Mojave Desert wasbobtained by Klepper et al.
(1985) for the 200 Area of the Hanford Site. Again, the
Hanford Site is in a region with generally deeper-rooting
species than in the Mojave Deseri (Foxx et al., 1984b).
The maximum root depth for Salsola kali was 209 cm, with a
mean maximum root depth of 172 cm. The first 50 cm of
soil contained 72% of the mean root density for S. kali,
with 94% within the top 100 cm. Kiepper et al. (1985)
also provide measurements of root depth vs. shoot height
for Salsola. Ambrosia acanthicarpa (bursage) had a
maximum root deptn of 180 cm, with 85% of the mean root
density at 100 cm or less. One specimen of Atriplex
spinosa (spiny hopsage) was measured with a maximum root
depth of 195 cm.
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For modeling purposes, the seasonal leaf-area index (LAI)
. js used to estimate plant transpiration and soil
- evaporation, For Rock Valley shrubs, estimates of LAI are
given in Lane (1984). Other data available for Rock
Valley perennial species include dry weight of stems,
above ground stem biomass/unit area, below ground standing
biomass, standing dead plant material, and the proportion
of dead wood on 1living plants (Bamberg et al., 1980;
Romney et al., 1980b). Below ground biomass and
root:shoot ratios for Larrea tridentata, obtained using
c-14 labeled carbon, can be found in Wallace et al.
(1980c). It must be noted, however, that annual photo-
synthetic production in the Mojave Desert ecosystem can
change dramatically from year to year as the result of
seasonal rainfall and temperature variations (Romney et
al., 1980b}.

A general review of the influence of plants on soil
moisture and of genetic and environmental factors
affecting rooting patterns can be found in Perkins and
DePoorter (1985). They cite one study showing that
root:shoot ratios, and presumably root depths, do not in-
crease with increasing aridity (and decreasing subsurface
moisture availability) as was suggested in earlier
studies. This 1is consistent with the shallow rooting
depths noted in the Mojave Desert by Wallace et al.
(1980d). Perkins and DePoorter (1985) also demonstrated
the effectiveness of plants in removing upper soil mois-
ture in field experiments at LANL. The impact of evapo-
transpiration processes on water storage in soils of the
Mojave Desert is illustrated in Wallace et al. (1988).
Disturbed bare soils areas showed build-up of soil mois-
ture (but generally to levels below the field capacity)
which can reduce water stress during revegetation.
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The U.S. Geological Survey study of the geohydrology of
the Beatty site documented potential soil moisture move-
ment to a maximum depth of 2.4 m (Nichols, 1987). A
recent study examined the water-potential to a depth of
13 m (Fischer, 1990). Liquid movement in the soil did not
exceed 2 m in depth during the 2.5 year study period.
Below a depth of approximately ¢ m, the hydraulic gradient
indicates an upward movement.

Tyler (1987) reviewed recharge studies conducted at the
NTS. In alluvial basins, analysis of bomb-produced
tritium vs. depth demonstrated that since 1952 precipi-
tation has penetrated less than 2.5 m. Tyler offers the
hypothesis that 2.5 m is the maximum depth of storage of
precipitation. Soil moisture held in storage in the upper
2.5 m of soil would be evaporated and transpired at a rate
equal to the yearly precipitation flux into the s0il
surface. The 2.5 m depth would then represent a soil
moisture flow divide. The studies referenced earlier on
Mojave Desert piant behavior are consistent with this
hypothesis, since rooting depth is Timited by the depth of
the wetting front and roots do not penetrate far into very
dry soils {Klepper et al., 1985).

At the U.S. DOE Low-Level Defense Waste Management site in
Area 5 of the NTS, results from infiltration studies in
alluvial soiis also bear on the shallow-rooted nature of
northern Mojave Desert vegetation. Infiltration after
both simulated and natural rainfall was studied (Kearl,
1982). The simulated rainfall approximated a 500-year
storm event., About 2.5 cm of water was applied in 49
minutes to the study plot. The wetting front reached a
depth of only 15 cm, and measurements taken up to 9 days
after the event showed no significant moisture content
changes at 46 cm depth., Following the natural precipi-
tation event of about 1.1 cm ({two storms on two
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4.2.2

consecutive days), the wetting front was found to be only
10 cm (Kearl, 1982).

Revegetation Rates and Plant Succession

The Radioactive Material License for the Beatty LLRW
facility states that stabilization of the site will be
such as to minimize the cost of long term care and
maintenance. Toward that goal, US Ecology proposes to
allow natural revegetation of the trench cap. Recent USGS
studies (Andraski, 1992) indicates that the amount of
moisture stored in the near-surface soil is dependent upon
the vegetation present. The following paragraphs will
review recent studies on managed transplantation and hus-
bandry procedures to restore perennial vegetation on dis-
turbed Mojave Desert land, and then will discuss available
data on natural revegetation rates and plant succession.

E. M. Romney, A. Wallace, R. B. Hunter, and associates
have studied the transplantation and survival of native
perennial Mojave Desert shrubs on disturbed land {Hunter
et al., 1980a, 1980c, 1980d; Romney et al., 1971, 1987a,
1987b; Wallace et al., 1980b, 1980e, 1988). They discuss
terrain manipulation, selection of seed from pioneering
shrub species, preservation of existing shrub clumps, sup-
plemental fertilization, irrigation, organic amendments,
and transplantation procedures that are needed to effec-
tively restore vegetation. These activities, however, can
require extensive resources and time and generally are not
compatible with the stipulation on long-term care and
maintenance contained in the Ticense.

Wallace et al. (1980e, 1988} have discussed the many pro-
blems involved in restoration of desert land. The great
variability in the amount and time of distribution of pre-
cipitation in the Mojave Desert makes predictions of the
success of restoration efforts very difficult, Year-to-
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year variations in perennial plant phenology and climatic
factors could negate any efforts 1o plant or manipulate
native vegetation. To successfully manage a restoration
effort, a detailed understanding of plant sociological
relationships is needed, Edaphic factors (soil fertility,
salinity, and textural variations) must be known for a
site. Plant communities often respond to very subtle
changes in soil properties which can impact Tlong-term
success of restoration activities. Therefore, the local
plant ecotypes must be known 1in detail. Consideration
must be given to the photosynthetic mechanisms of various
spacies and the effects of competition. Grazing Jjack-
rabbits (Lepus californicus) and pocket gophers (Thomomys
bottae) must be controlled, since they seem to show a pre-
ference for transplanted shrubs over nearby native
vegetation (Romney et al., 1987a). Restoration work must
take into account the relationship between plant species,
water supply, and available nitrogen supply. Responses to
supplemental irrigation can be difficult to predict as
exemptified by the study of Hunter et al. (1980a).
Wallace et al. (1988} point out that even successful
establishment of new seedlings will not guarantee plant
survival. Ongoing surveillance and remedial action may be
needed for years. In Rock Valley, Wallace et al. (1980e)
showed that only two years out of the six studied were
conducive to the establishment of new seedlings. A plan
to transplant shrubs must consider the dormancy behavior
of each species.

Natural revegetation processes On disturbed land of the
northern Mojave Desert may require several decades for a
return to the native perennial shrub species (Romney et
al., 1971, 1987a; Wallace et al., 1988). The reasons for
the slow recovery include the sparse and irregular pre-
cipitation and the destruction of the "fertile islands" of
undisturbed land. These conditions make it difficult for
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perenniél plant seedlings to become established, and
‘saveral favorable years in a row are necessary for naturdl
revegetation which tends to come in pulses (Romney et al.,
1980a), 1987a). After neariy two decades, denuded areas
at Yucca Flat have experienced essentially no recovery of
original perennial shrub species {Romney et al., 1971).
The higher elevation and greater precipitation at Yucca
Flat would tend to accelerate natural revegetation pro-
cesses relative to the Amargdsa Desert.

A disturbed site will evolve through & succession of plant
communities. Site-specific information on climax species
composition, and on rooting depth and related properties
of the different communities can be inferred from the ex-
tensive studies on the NTS. Several open alluvial valleys
with roughly similar latitude, elevations, and precipita-
tion patterns to the Beatty LLRW disposal facility have
been characterized (particularly Rock Vallay).

The climax community in the area of the Beatty site is
probably dominated by Larrea tridentata and Ambrosia
dumosa (by analogy with vegetational grouping studies by
E1-Ghonemy et al., 1980). However, the initial plant com-
munity would most likely be dominated by summer annual
species such as Salsola and winter annual plants. Influx
of Salsola species within a few years after disturbance of
a site has been commonly observed at the Beatty site, at
the NTS (e.g. Yucca Flat; Romney et al., 1971; Wallace et
al., 1980e) and at other arid and semi-arid locations
(e.g., the Hanford Site; McKenzie et al., 1982; Klepper et
al., 1985). After establishment of Salsola, areas in the
Great Basin desert with higher precipitation than the
Beatty site then typically become dominatad by mixed
grasses (Romney et ai., 1971), but this is doubtful in the
Mojave Desert. A more likely succession community after
Salsola would involve pioneer species that have been shown
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4.3

to be capable of invading bare areas and that may have a
role in establishing new fertile istands. These pioneer
species are Acamptopappus shockleyi, Lepidium fremontii,
Sphaeralcea ambigua, and Atriplex confertifolia (Watlace
and Romney, 1980). Of the native perennial shrub species,
Krameria parvifolia, Ephedra nevadensis, and Yucca
schidigera would probably have the slowest natural re-
vegetation rates (Hunter et al., 1980a).

Characteristics of Wildlife

Burrowing animal intrusion into trench caps, and the effects of

“grazing animals on vegetation are of concern when assessing site

stability. For the most part the concern is witn rodents, and in
the northern Mojave Desert these include pocket gophers (Thomomys
pottae), rabbits (Lepus californicus and Sylvilagus audubonii),
kangaroo rats (Dipodomys merriami), and mice (Onychomys torridus
and Peromyscus spp.) (Hunter et al., 1980d).

Very limited data on burrowing habits and burrow depth distri-
bution was found in the literature. McKenzie et al. (1982) re-
viewed published quantitative data on burrowing species to formu-
late the characteristics of a reference arid Tlow-level waste
burial site. Percent distributions of burrow systems for several
species are as follows (from Table 3.2-1 of McKenzie et al., 1982}:

Depth interval (m)
0-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0

Pocket mice and
Kangaroo rats 50 40 5 5 0

Pocket gophers 85 15 0 0 0
Hakonson (1986) demonstrated the effectiveness of gravel and
cobbles in inhibiting pocket gopher burrowing. The large mass of

the cobbles and the noncohesiveness of the gravel prevented bur-
rows from either being built or maintained. The Beatty site soils
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4.4

and sediments that are be used to construct the trench cap contain
up to 60 wt.% gravel+cobbles (Law Engineering, 1981; Converse
Consultants, 1984; Mark Group, 1988}.

Rodents can also damage newly established plants. Jackrabbits can
prune plants aboveground, while pocket gophers can destroy plants
by eating roots (Hunter et al., 1980c; Romney et al., 1987b;
Wallace et al., 1988). Mitigation of rodent problems will be pro-
vided after closure by the perimeter fence. The current fence
around the site seems to limit animal activity to predominantly
jackrabbits. Fencing has been shown to be effective in reducing

~animal grazing problems during the restoration of native perennial

shrub species (Hunter et al., 1980d; Romney et al., 1987b).

Summary /Conclusions

The sparse and firregular precipitation of the northern Mojave
Desert has resulted in the development of a land surface structure
characterized in the undisturbed state by small "fertile jslands"
consisting of shrub clumps separated by large areas of poorly
productive soil. Disturbance of a site destroys this structure
and results in very slow revegetation by native perennial plant
species. Restoration of disturbed land by man requires con-
siderable time and effort using transplantation and husbandry pro-
cedures, and its success is dependent on a multitude of inter-
related factors many of which are not controllable. Natural re-
vegetation processes would most likely result in a succession of
plant communities with rapid influx of Salsola species, probably
followed by a more gradual replacement by pioneer perennial plant
species.  After several decades, establishment of & climax
community of perennial shrub species would be expected.
Information on rooting depths of species within these communities,
although not comprehensive, suggests that the climax shrubs would
pe the deepest-rooted. As much as 95% of the below ground biomass
of these shrubs in areas of the NTS were within the top 40 cm of
the soil, and most Mojave Desert species root within 1 meter of
the surface. This behavior is consistent with vadose zone
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recharge studies which indicate potential storage of precipitation
within 2-2.5 m of the surface. Limited quantitative data on bur-
rowing animals suggests that 90-100% of burrow systems would be
confined to 1 meter or less and most 1ikely none would be below 2
meters. This is consistent with the shallow rooting depths noted
above. A trench cap plus soil overburden of greater than 10 feet,
and at least 15 feet for trench 22 and future trenches, would seem
to afford protection against root penetration and animal intrusion
into buried wastes at the Beatly facility. More detailed consi-
derations of the effects of plants and animals on site performance
is provided in the Environmental Pathways Analysis and Dose Model.

For informational purposes, a 1ist of vegetation species found in

the areas surrounding the site in approximate order of abundance
js included as Table 4-1.
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TABLE 4-1

LARREA TRIDENTATA VEGETATIONAL GROUP ING

Species Common Name

Larrea tridentata creosote bush

Ambrosia dumosa bur-sage or burro bush
Lycium andersonii desert thorn or wolfberry
Grayia spinosa spiny hopsage
Acamptopappus shockley goldenhead

Krameria parvifolia range ratany

Oryzopsis hymenoides Indian rice grass
Atriplex confertifolia shadscale

Ephedra nevadensis Mormon tea

Ceratoides lanata winterfat

Yucca schidigera : Mojave yucca

Atriplex canescens four-winged salt bush
Mendora spinescens '
Lycium pallidum box-thorn

Sphaeralcea ambigua desert mallow

Yucca brevifolia Joshua tree

Epnedra funerea

Lepidium fremontii

Hymenoclea salsola cheesebush
Dalea fremontii

Dalea polyadenia

Cactus sp.

Thamnosma montana

NOTES: From Table 1 of El1-Ghonemy et al., 1980; species are
relevant to study areas jn Jackass, Frenchman, and Yucca
Flats and in Mercury and Rock Valleys; species listed in
approximate order of abundance {greatest to least).
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5.0

OBJECTIVE 1

"To assure that all waste forms and types have been buried in accordance

with the conditions of the 1icense."

5.1 - Response:
5.1.1

5.1

.2

General

A1l waste has been and will continue to be buried in
accordance with the applicable regulatory requirements in
existence at the time of burial. To support the burial
requirements, manuals and procedures have been and will
continue to be issued in the future, as appropriate, to
give the necessary radiological and operational guidance
to US Ecology personne1. Present guidance and documen-
tation requirements are contained in the Beatty Facility
Standards Manual, Nevada State Board of Health Radioactive
Materials License No. 13-11-0043-02, and the Beatty
Operating Procedures (BOP's). State of Nevada management
audits and radiological control and safety audits are per-
formed periodically to ensure operations are conducted as
required. US Ecology has also monitored its compliance
with license, regulatory and procedural objectives through
fts own quarterly management audits, radiological control
and safety audits and frequent site inspections.

License
Copies of the subject 1licenses, amendments, reference

letters, manuals and procedures are retained at the
facility; to wit:

A. Atomic Energy Commission (AEC) and its successor
agency, Nuclear Regulatory Commission (NRC) License,
and correspondence relating to the license.

B. Nevada State Board of Health Radioactive Material

License No. 13-11-0043-02, and correspondence relat-
ing to the license.
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5.] .3

5.1.4

c. US Ecology's Facility Standards Manual and Beatty
Operating Procedures.

Records Involved in Receipt of Waste

prior to shipment and acceptance of a waste shipment for
disposal at the site, a Radicactive Waste Shipment and
Disposal Manifest (RSM) must have been completed by the

generator in its entirety.

A vehicle radiological survey is performed by a qualified
radiological control and safety technician to ensure com-
pliance with all applicable federal and state regulations
and company requirements. Documentation of these surveys
s required by the company's License No. 13-11-0043-02,
Facility Standards Manual and Beatty Operating Procedures.

Other documents reguired by the Nevada License are re-
viewed for completeness and accuracy prior to acceptance
of a shipment for disposal. If applicable to the waste to
be shipped, a certificate of compliance for the shipping
container and/or a DOE/NRC-741 form for a shipment involtv-
ing source or special nuclear material may be necessary.

Records /Audit

The following records are maintained at the corporate
office and at the facility for review by the State, NRC,
and the company's chief radiological control and safety
officer (CRC&SO).

A. Radioactive Waste Shipment and Disposal Manifest
(Manifest)
A review of the manifest files indicates that these
forms have been received/reviewed by a qualified in-
dividual since October 1962. The form has been
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revised over the years but the information is
basically the same, (i.e., isotope activity,
radiation levels, etc.). Since October 1962, the
number of the trench the waste was buried in has been
recorded. These records are filed by generator. All
other associated documentatien concerning the waste
shipment will have the same sequential receipt number.

Vehicle Survey

Records involving vehicle surveys for radiation and
contamination 1levels date back to October 1962.
These reports are also filed by date.

Burial Reports

Burial reports have been submitted on a monthly basis
to the state and date back to the November 1962
report. Copies of these reports are filed by the

month/year by the company.

DOE/NRC 741 Forms

Nuclear Materials Transaction (SNM) NRC-741 forms
dating back to January 1980 indicate the generator,
cubic footage, millicuries, grams of SNM and weight
of source material, as required by 10 CFR 70.

Audits

Quarterly audits performed by the CRC&SO are filed
chronologically beginning in 1962, US Ecology
Quarterly Management Audits are conducted aquarterly
and also are filed chronologically.

Accident Reports

An accident report is generated when an accident
occurs at the facility. These reports indicate the
type of accident, personnel involved and what actions
were taken. Reports of this nature date back to 1976.
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G. Quarterly Site Inspection
A‘ quarterly site inspection is performed by site
radiological control personnel and 1is documented as
required Dy "the licenses. These inspection reports
began in 1962. The report forms have been revised
during subsequent years, but basically require the

same information.

5.1.5 Radiological Control and Safety Audits
The radiological control and safety audits are performed
by the CRC&SQ or his designee. Audit procedures require
that this audit review, at a minimum, the areas of per-
sonnel dosimetry, training, emergency drills, radiolegical

control procedures, decontamination procedures, radio-
logical surveys, instrumentation calibration, radioactive
source control, security and environmental monitoring.

5.1.6 Management Audit Summary
Quarterly management audits cover the foliowing items:
safety, equipment status, security, receipts and disposal
of waste, inspection of closed trenches, environmental
monitoring and surveillance conditions, trench cons truc-
tion, personnel administration, training, etc.

In conclusion for Objective 1, all necessary procedures for waste
receipt, handling and documentation are inciuded in US Ecology's
Facility Standards Manual and Beatty Operating Procedures. These
are reviewed annua11y and revised, if necessary. Therefore, all
waste buried at the facility has been and will be in compliance
witnh applicable federal and state regulations and all 1icense con-
ditions, both past and present. Audits performed by the AEC, NRC,
State, CRC&SO and US Ecology management, to date, have confirmed
such compliance.




6.0

OBJECTIVE 2

"jo dismantle, decontaminate as required, and remove all structures,

equipment and wmateriais that are not to be transferred to custodial

agency."

6.1 Response:

6.1.1

6.1.2

Site Structures

Structures not required by the custodial agency will be
removed from the facility after they have been surveyed
for compliance with release for unrestricted use. If
radiation levels are above the unrestricted use Tlevel,
then structures will be decontaminated or demolished and
placed in the operating disposal area. If buildings or
trailers are removed from the site, no disposal cost will
result as structures so removed will be decontaminated at
US Ecology's expense. Materials resulting from the decon-
tamination of buildings or equipment will be placed in the
operating disposal area. '

Presently the only structure located within the restricted
area of the LLRW disposal facility is a small prefabri-
cated bui]ding located at the restricted area control
point, This building js used as a personnel frisking
station. '

This structure is considered by US Ecology to be the only
existing building which could become contaminated and
which may reaquire decontamination during the closure

period. Materials resuiting from any necessary decon-
tamination of this building will be placed in the operat-

ing disposal area.

Decontamination

Decontamination of site equipment or structures, if sur-
veys findicate they are above unrestricted use release
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6.1.3

levels, will be performed in accordance with the HNRC
Regulatory Guides, guideline 1.86. This will ensure that
the equipment meets all of the wunrestricted release
criteria. Decontamination operations will be conducted in
accordance with US Ecology's Facility Standards Manual,
and all pertinent Beatty Operating Procedures.

In lieu of decontamination, any contaminated equipment or
structure can be removed and disposed of in the active
portion of the trench. The facility offices and change
rooms are outside of the controlled area and will not re-
quire disposal as radioactive .material. Potential con-
tamination is minimized by a strict monitoring program and
by controiling access from the trench disposal area. The
controls being utilized now will be continued, thereby
keeping the building in a non-contaminated condition. By
doing this, decontamination to the limits specified in
Regulatory Guide 1.86 would be minimal prior to unre-
stricted reltease at closure,

Equipment and Materials

Witnout a specific request and subsequent agreement, no
materials, equipment or supplies will be transferred to
the custodial agent:y. Contamination will be the primary
factor for choosing the method for disposal of equipment
and materials. Contaminated or unsalvageable items will
be disposed of in the operating disposal area.
Salvageable items will be removed from the site at no cost
to the custodial agency after radiological control person-
nel have decontaminated and surveyed in accordance with
NRC Regulatory Guide 1.86, US Ecology's Facility Standards
Manua'l and applicable Beatty Operating Procedures.
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6-1 .4

Cost Evaluation

AC

Partial Closure

Partial closure of the landfills has been routinely
accomplished in the past by placing final cover as
the layered waste reached the three-foot cut-off
level. Trench 22 and all succeeding trenches, will
be closed utilizing an eight-foot below grade cut-off

level, as required by our present license.

Ultimate Closure

Upon facility closure, the unclosed area of landfill
surface will be limited to the area of the last few
days' receipts because of routine partial closure as
described above. After all waste, building rubble
and contaminated equipment have been buried all re-
maining trench space shall be backfilled.

After the final landfill cell has been closed in
accordance with license requirements, the entire
radioactive waste trench area will be capped with a
minimum seven-foot thick cap {minimum 10 feet above
buried waste). The cap will be a minimum of seven
feet above grade at the perimeter, and slope upward
at a minimum 1% slope to a ridge near the center.
The cap outslopes will be graded to a 4 horizontal:l
vertical slope. The proposed cap will be constructed
basically in  accordance  with Drawings  No.
Nv-119-TRE-001, -002, and -003, included as Attach-
ment 12. The first phase (Drawing NV-119-TRE-002)
includes capping of the previously filled trenches
while Trench 22 is still in"operation. The major
portion of this cap has been placed as shown on the
facility topographic map, Attachment No. 1. The cap-
ping for Trench 22 will be completed after the trench
has been filled, {Drawing NV-119-TRE-001).




Any future trenches would be capped in accordance
with Drawing No. NY-19-TRE-003.

Upon completion of the cap, all trench monuments will
be relocated by engineering survey.

During ultimate ciosure the entire site will be in-
spected and such conditions as follows will be
checked:

1. Drainage ditches and swales are free of debris
and sediment;

2. The cap is graded to promote runoff and is free
of erosion;

3. No depressions or swales are present that could
pond water; and

4. Grading to prevent accumulation of sediments or
erosion of drainage pathways has been maintained.

Monuments

The monuments marking closed trenches will be similar
in construction, and will contain the same infor-
mation as that furnished on the monuments already
marking Trenches 1 through ?1. After construction of
the seven foot cap is complete, all monuments shall
be relocated by engineering survey. Since more de-
tailed information is included in site records, and
since accurate location of underground features can
be quickly re-established by surveying in the re-
corded coordinates of the corners of those features,
the monuments serve as a redundant checkpoint. A
more complete description of the trench manuments can
be found in Section 14.1 of this closure plan.
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Conclusion

At closure, all surface structures, if any, will be
removed from the controlled area except lighting
equipment, fences and gates.

The estimate for closure and site stabilization are
shown in Section 19.0.
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7.0

OBJECTIVE 3

wTo document the status of arrangements for orderly transfer of site

control and for long-term care by the custodial agency."

7.1

Response:
The state of Nevada and US Ecology, Inc., entered into a twenty

year lease with renewal option dated May 1, 1977, for approxi-
mately 47 acres (this acreage jncluded the radioactive site and a
200-foot buffer zone) of land Tocated in the NW 1/4, NE 1/4; NE
1/4, NH 1/4 of section 35, TWP 13 South, Range 47 East M.D.B.&M to
pe developed and utilized as a LLRW disposal facility. US
Ecology's lease has the provision for one ten-year (10) extension.

The primary agreement by and between the parties which formalizes
the implementation and continuation of institutional control is
aforementioned May 1, 1977, lease as amended. A copy of this
lease has been appended as Attachment 13. This document clearly
defines the state of Nevada's commitment to and time of assumption
of institutional control. It s assumed tnat the state of
Nevada's institutional control activities will be carried out in
full compliance with the tenets and provisions of 10 CFR 61, et

seq.

The May 1, 1977, lease agreement, as amended, c]ea_r]_y delineates
the responsibilities of the parties in regard to the operation,
closure and post-closure of the LLRW disposa) facility which is
owned in fee simple by the state of Nevada. As examples of the
dispositive articles contained in the lease, Article XVIII, en-
titled "Closure Requirements,” imposes responsibility  upon
USs Ecology to perform the specific closure obligations as
delineated in that  provision. Article XIX, entitled
"Responsibility Following Termination," expressly vests sole
responsibility for all the materials buried at’the LLRW disposal
facility with the state of Nevada upon facility closure, or in the
event of default by US Ecology.
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The Bureau of Land Management (BLM) is not a part to the May 1,
1977, facility lease, as amended, nor does it have any regulatory
association with the LLRW disposal facility. Therefore, the re-
sponsibpilities as set forth in the lease and facility licenses do
not contemplate any activity on the behalf of the BLM,

The BLM has only an ancillary role regarding the LLRW facility.
This role is confined to the leasing of 400 acres to the state of
Nevada as described in 'a lease entered June 20, 1982, by and be-
tween BLM and the state of Nevada. This acreage is immediately
contiguous to the LLRW facility, and is described as follows:

Mount Diablo Meridian
T. 12 S., R. 47 E.
sec. 26, §1/2 S81/2;
sec. 35, S1/2N1/2, NE1/4NE1/4, NW1/4NW1/4

This lease is for a period of 25 years with a rental fee of
$300.00 per each five year period. The lease also contains
references to an option held by the state of Nevada to purchase
this property during the term of the lease. The lease document
itself conveys no regulatory or other authority to BLM in regard
to the adjacent LLRW disposal facility, nor does it obligate the
state to purchase thetpresently leased property. A copy of this
June 20, 1982, lease is attached as Attachment 14. US Ecology is
not privy to further arrangements, if any, currently existing be-
tween the state of Nevada and the BLM.

An estimate has been prepared determining the funds required,
based upon present day costs, to fund site closure, stabilization
and custodial care. Details of these costs may be found 1in

Section 19.0.

Per letter dated July 9, 1992 from Mr. Ron lLange (Administrative
Services Officer, Department of Human Resources), the state has
accrued a fund of $5,292,589 as of June 30, 1992. At an interest
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rate of 2% above inflation, and without the potential additional
revenue from the expected disposal of future waste and at the rate
of disbursement projected in the closure cost estimate, the state
will have a surplus of $20,632.293 in the fund at the end of the
100-year perpetual care and maintenance period. Details of the
analysis may be found in Attachment 15. US Ecology has concluded
that even a conservative state investment would yield an interest
rate of 2% above inflation of any given period. Thus, given all
the circumstances, it would appear that the anticipated total
fundﬁ'ng will meet the needs for site closure, post-closure and
custodial care.

In accordance with the explicit terms of the May 1, 1977, lease,
as amended, it is US Ecology's beljef that its responsibilities
for operatibn and maintenance of the LLRW disposal facility shall
be properly terminated upon the performance of the closure
activities as identified in the lease, or any licensure documents
which are not in conflict therewith and have been duly promulgated
in accordance with the applicable laws, rules and regulations of
the state of Nevada. The designation of an eighteen-month period
for closure and stabilization is based on the fact that his-
torically trench cap or other types of subsidence have not been a
material concern and the absence of groundwater, coupled with the
extremely arid climatic conditions, allow for a relatively short,
yet still comprehensive, period to ensure all closure activity
objectives have been met. Documentation of the favorable geo-
hydrological and climatic conditions present at the LLRW disposal
facility is extensive and available in the public record.
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8.0

OBJECTIVE &

"To assure the direct gamma radiation from buried waste shall be essen-

tially background at the site boundary."

8.1 Response:

8.1.1

Shielding

The application of fill material during burial and the
placement of fill material between the waste and grade
provide for a substantial amount of shielding material.
The trenches have at least three (3) feet of fill material
between the waste and grade. Beginning with trench number
22, waste will be placed up to a point allowing a minimum
of eight (8) feet of soil between the Tast layer of dis-
posed waste and the ground surface. The fill material is
composed of predominantly Sﬂ% (sand), a very dense
material, which affords very substantial shielding. The
shielding value of SiO2 in reducing gamma radiation by a
factor of 10 is calculated to be approximately 10 to 20
inches. A first approximation of the shielding value of
3102 was estimated wutilizing the basic exponential
attenuation law which describes the attenuation of a plane
monodirection gammas source by an absorber:
-uX

I1=8B Ioe

where

Intensity of gammas, after passing through X
thickness of absorber, at the point of interest.

(photons/cmz.s)

—
1]

B = Buildup factor used to correct for radiation that is
scattered from the absorber to the point of interest.
u = The linear attenuation coefficient which is the

product of the mass attenuation coefficient and the
density of the absorber (cm'T).
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X = thickness of the material in cm.

I0 = The intensity of the gammas entering the material
(photons/cmz.s)

The buildup factor is dependent upon the thickness and
composition of the absorber and the energy of the gammas.
The trench fill material and trench caps are predominantiy
sand with a density range of 1.7 to 2.2 g/un3. The
photons emitted from vradionuclides 1in the waste have
energies ranging from less than 0.01 MeV to approximately
1.7 MeV with an average of about 0.5 MeV. The values for
the mass attenuation coefficients for gammas with an
energy range of 0.5 to 1.7 Me¥ and S'iO2 with densities
of 1.7 to 2.2 g/cm3 would vary from 0.04825 to 0.0874
cm2/g. The resultant Tlinear attenuation coefficients

would vary from 0.082 ai' to 0.185 el . The buildup

factor, used to correct for underestimated gamma jntensity
_based upon uncollided flux approximations, was calculated

based upon Taylor's work with the Goldstein-Wilkins cal-
culations (Taylor, 1954}.

The tenth value Tayer, the amount of sand required to
reduce the gamma intensity to one-tenth the initial value,
was calculated using an infinite slab source equation
described in Fitzgerald (Fitzgerald, 1967). The range of
calculated values for the tenth value layer is 25-50 cm or
about 10 to 20 inches. |

Therefore, after application of the additional seven-feet
thick cap, radiation levels will be reduced to approxi-
mately a millionth of the original intensity. This amount
of shielding will assure that radiation levels at the

fenceline will be essentially background.
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8.1

8.1

I2

l3

Trench Surveys

During the operational and closure periods, all closed and
capped trenches shall be surveyed for direct gamma
radiation as described in Section 8.1.4. A detector with
micro-r per hour {ur/hr) sensitivity will be utilized for
this type of survey. Any readings determined to be above
the operational value of 0.5 mR/hr shall require the
application of additional fill material in order to de-
crease the direct gamma radiation readings to approxi-
mately background. All trenches closed during the closure
period will be surveyed after cap completion.

Surveys of filled trenches shall be performed on a quar-
terly basis when the trench caps are routinely inspected
for subsidence or cracking. All cap surveys shall be con-
ducted as walking surveys as presented in Section 8.1.4.

Survey Procedures for Trench Caps

This section sets forth the guidelines to be implemented
by the facility radiological control and safety officer
(FRC&SO) or his designee or the custodial agency when per-
forming the gamma surveys and inspections on closed

trenches.

A. Instrumentation
A1l surveys shall be performed utilizing a Ludlum
Model 19 Micro R meter or meter of equivalent
sensitivity. Instruments shall be calibrated at six
{6) month intervals. The requirements of US
Ecology's Facility Standards Manual and BOP 61 shall
be followed during the operational phase, closure
phase, post-closure phase and are recommended for the

custodial period.
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Surveys/Inspections

Radiological surveys and dinspections of trench caps
shall be  performed by radiological control
personnel. These surveys are to be performed during
the operational 1ife of the facility, during ciosure
phase, and post-closure phase and are recommended for
the custodial period. The general requirements for
these surveys are as follows:

1. Operational Phase
During the operational 1ife of the facility
(i.e., that period of time when low-level radio-
active waste is being disposed of), trenches
which have been closed and capped shall have an
initial survey as described below. Subsequent
surveys and inspections shall be performed on a

quarterly basis.

2. Closure and Site Stabilization
During the closure phase of the facility, {i.e.,
that 18 month period of time when the final site
closure and site stabilization activities are
being carried out) a trench cap survey and in-
spection will be performed.

An eighteen month period for closure and site
stabilization should be more than sufficient to
complete these tasks and wmonitor the site'’s
security. Little maintenance is necessary for
an arid site with favorable geology. There is
no need for mowing or pumping leachate as with a
humid site. '

Minor subsidence or other maintenance needs that
may arise can be attended to during the semi-
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annual inspection and maintenance trips during
the custodial period.

Custodial Period

During the custodial period of the facility,
trench cap surveys and inspections are recom-
mended to be performed on a semi-annual basis.

C. Records
Records of the trench cap surveys and inspectioné
during the operational period, the closure and site
stabilization periods will be maintained at the
facility.

8.1.4 Survey Procedures

A. The following guidelines shall be followed during the
operational and closure periods when performing the

trench cap survey.

1'

Trenches that are closed and capped during the
opératioﬂa] and closure periods shall be sur-
veyed within two months of the date the newly
filled trench 1is capped. All other trenches
shall be surveyed such that 25 percent of each
trench 1is surveyed quarterly and all capped
trenches are complietely surveyed annually as
follows: .

(a)} A post at least five (5) feet tall shall be
placed at each trench corner.

(b) A five (5) foot wide path shall be surveyed
along the length of the trench. This shall
be repeated every twenty (20) feet along
the width of the trench until the edge of
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the trench is reached. The first path sur-
veyed during the first quarter of each year
shall be from the northeast to northwest
corner post of each trench. The second
quarter's first path shall begin five (5)
feet south of each trench's northeast and
northwest corner post; third quarter, then
(10) feet; fourth quarter, fifteen (15)
feet.

{c) Surveys shall be documented on a scaled map
of each trench (where one inch equals
twenty (20} feet) marked in a grid pattern
where each square equals five (5) square
feet. '

The 1initial survey performed to close a trench must
provide 100 percent survey coverage. The individual
performing the survey should be able to survey two
and one half (2 1/2) feet to each side thereby
covering a five (5) foot width with each pass. .

Readings should not exceed the baseline values
{within instrument accuracies}; however, if readings
are greater than baseline, additional trench capping
material will be placed on those areas until such
time as the levels are found to be at approximately
baseline values.

The following will be used when performing the trench
cap surveys during the custodial care period at the
Beatty, Nevada, Low-Level Radiocactive Waste Facility.

1. The grid systems as outlined in (A} above shall

be utilized by personnel perfomming these
surveys. '
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2. Radiation surveys will be taken with a cali-
brated and functional Ludlium Model- 195 or
instrument of equivalent sensitivity. Maximum
radiation TJevels shall be vrecorded for each
trench on separate diagrams.

The procedure as stated above is recommended for use
during the custodial period. These surveys should be per-
formed on an annual basis using the grid system outline in
(A) above.

The radiation surveys will be used to guarantee that all
active areas of the site have a radiation level of 2 mr/hr
or less per the 1977 lease requirements. Any areas found
above that reading will be backfilled as required by the
lease.

A final radiation survey report will be included in those
documents turned over to the state as the custodial agency.
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9.0

OBJECTIVE 5

"To assure and be able to demonstrate that the rate of increase of

radionuclides through air, ground, and surface water pathways are at or

below acceptable levels. Acceptable levels of water are those set forth

in NAC 459 {or 10 CFR 20 of Appendix A, at the site boundary, and EPA

drinking water limits at the nearest water supply. Acceptable levels

for air are those found in NAC 459 (or 10 CFR Part 20, of Appendix A)."

9.

9.2

9.3

General:
This response discusses the type and extent of environmental
monitoring needed at the site in the closure and stabilizatign
period. ol o

The current environmental monitoring plan will be revised during
closure to reflect a reduced sampling and assessment regimen as
outlined below. The plan will dinclude the recommended action
levels for indicator parameters, e.g. concentration of radionu-
clides in air, water, soil and vegetation.

Environmental Monitoring Plan

The Beatty site has hydrogeologic and climatologic conditions that
are favorable to the wminimization of waste transport to the
environment. Coupled with the waste disposal- methods employed at
the facility, the environmental monitoring requirements during the
closure and stabilization phase will not be intensive,

Air Sampling

Air sampling performed on a daily basis during operations has not
indicated any detectable radionuclides above ambient background.
Therefore, it is highly unlikely that once all waste materials are
disposed and the trench is capped that any air releases would
result.

A 24-hour air sample will be collected and analyzed on a quarterly
basis during the closure and site stabilization period. The air
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9.4

sample shall be analyzed by gamma spectrometry, for total uranium
and isotopic plutonium. Records will be maintained by the CRC&SO
of the air monitoring results for inspection for an indefinite

period,

Records of all calculations, including factors and constants, used
for obtaining the final air concentration shall be maintained in-
definitely by the CRC&SO0.

A record of all routine and special calibrations of air flow or
volume metering devices, including primary or secondary standards
used, methods employed and estimates of accuracy of the cali-
bration metering device shall be mafntained indefinitely by
CRC&SO. '

The air concentration data shall be reviewed and evaluated,
obtained, by the CRC&SO to assess trends, the potential for
ceeding action levels, estimating annual exposures via the
transpbrt pathway, and the validity of results compared witn
sample size and minimum detection level.

The action levels are those concentrations in air listed in Table
II, Column 1, Section 459.334 "Table of Concentrations in Air and
Water Above Natural Backgrouhd.“ Chapter 459 of the Nevada
Administrative Code.

Soil and Vegetation Sampling

Surface soil samples shall be taken semi-annually in the spring
and fall during closure and site stabilization. The samples shall
be taken from undisturbed soil within an area of 12" x 12" x 1".
Soil samples shall be analyzed for total wuranium, isotopic
plutonium and by gamma spectrometry. Additional soil sampling and
analysis shall be performed whenever trench surveys demonstrate an
elevation in ambient radiation that is significantly above the
baseline levels established during operations and closure. Soil
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9.5

sampling and analysis shall also be performed subsequent to any
trench cap repairs or modifications. Maps shall be maintained
indefinitely by the CRC&SO that show the location of soil samples.

Yegetation samples shall be taken semi-annually in the spring and
the fall during closure and site stabilization. The samples
should include only new growth and shall be analyzed for total
uranium, isotopic piutonium and by gamma spectrometry. Whenever
possible the vegetation samples should include samples from filled
and capped trenches. Maps shall be maintained indefinitely by the
CRC&SO tnat show the location of vegetation samples.

Data from the soil and vegetation monitoring will be compared with
the predictions of the dose/pathway analysis. Positive indica-
tions of radionuclides that are not naturally occurring shall
result in additional sampling. Records of the soil and vegetation
monitoring shall be reviewed, evaluated and then maintained in-
definitely by the CRC&SO. The CRC&S0's evaluation shall include
an assessment of trends in the data, the validity of results com-
pared with sample size and minimum detection level and comparison

with the dose/pathway analysis as appropriate.

Groundwater Sampling

The Beatty site contains a dry waste inventory. Tnhe potential for
1iquid migration from the trenches to the underlying water table
is extremely low due to the minimal recharge. Maximum Tiquid
downward migration rates from the surface have been calculated to
be on the order of 4 cm/1d3 years (Nichols, 1985). More recent
data indicates that there is no net downward transport of liquid
below 9 meters ({Fischer, 1990). Ambient water quality moving
under the site has not appeared to be impacted by the US Ecology
site operations.

In accordance with the terms of the lease, US Ecology will remove
those wells that the state deems are not needed for purposes of
monitoring upon facility closure.
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9.6

Groundwater monitoring will be performed during the site closure
and stabilization periods, semi-annually on wells 001, 002, 301,
and site water well. Well 001 is located approximately 325 feet
east of the southwest corner of the facility. Well 002 is located
southwest of Trench 22 approximately 410 feet north of the
southwest corner of the facility. Samples from these wells will
be analyzed for gross alpha, gross beta, gamma emitting radio-
jsotopes, and tritium. Any indication of levels significantly
above background or increasing trends will result in additional
analyses 'to determine specific alpha and beta emitters. If
analysis indicates that migration of radionuclides could be occur-
ring, additional confirmatory sampling will be performed.
Verification of migration will result in immediate notification to
establish that 1imits in NAC Chapter 459 have not been exceeded.

Data Review and Evaluation

Data from the environmental monitoring program will be screened to
jdentify values that deviate greatly from other data or appear to
be jnaccurate. Outliers will be investigated for validity by re-
viewing Taboratory results, sample collection practices and vendor

reported minimum detection level.

Laboratory vendors shall be required to report all data with an
estimate of the total uncertainty associated with the analysis.
Questionable results will be thorougnly evaluated with respect to
all available information that may lead to the conclusion that the
contaminate was or was not detected. Trend analysis will be per-
formed to determine whether the concentration of a contaminant is
increasing, decreasing, or remaining stable with time, relative to
background and/or historical data.
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9.7

Dose Model and Pathways Analysis

The Pathways Analysis was submitted to the State, March 30, 1989
and illustrates how the site is to perform during the ciosure,
stabilization and perpetual care and maintenance periods in
maintaining releases below acceptable levels. The Pathway
Analysis and Dose Model states that radiological exposure from the
surface water, biotic intrusion, gaseous migration, atmospheric
and groundwater pathways are insignificant. The calculated dose
to a maximum exposed individual is well below the performance
objectives of NAC 459.8155(1).

The reassessment of the original Pathway Analysis was completed by
James L. Grant & Associates, Inc., March 14, 1991 entitled
"Reassessment of Beatty Pathways Analysis Beatty Low-lLevel
Radioactive Waste Disposal Facility." The purpose of the report
was to re-assess the original Pathways Analysis based upon the new
data acquired from drilling the two monitoring wells, 001 and
002. The conclusion of the analyses was, "Travel times calculated
in this report do not differ significantly from previously
reported results, and would not lead -to projected concentrations
of radionuclides significantly different from those presented in
the March 1989 Pathways Analysis.”

A follow-up analysis titled "Study Conducted by James L. Grant &
Associates, Inc. to Determine the Effects of the New Beatty Source
Term on the US Ecology Dose Model and Pathway Analysis dated March
1989" was completed and submitted to the state on December 30,
1991, In summary, this report stated that the original
Environmental Pathways Analysis and Dose Model March, 1989, is
still a conservative representation of the pathway of migration
analysis for the Beatty LLRW facility.
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1.0 Objective 6
"To document that all trench bottom elevations are above the water table

Tevel, taking into account the history of seasonal fluctuation since

record keeping began."

10.7 Response:
Groundwater beneath the site ranges from a depth of approximately

300 feet to 360 feet, whereas, the deepest trench constructed to
date is approximately 50 feet deep. It is not conceivable that
groundwater at this depth will ever come in contact with buried
waste as seasonal fluctuations in the ground water table amount to
a few feet at most. (See Section 3.0)
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11.0 OBJECTIVE 7
“That all site generated conditions that caused positive envirommental

samples in the past, including any evidence of unusual or unexpected

rates or levels of radionuclide migration in or with groundwater, are

analyzed and corrected."”

11.1

General:

Objective 5, Section 9.0 describes the procedures to be followed
in the event a positive environmental sample is encountered. The
facility's environmental samples are recorded and filed. Those
samples that have ‘required investigation due to possible increases
in isotopic concentration are noted with an indication of what
actions were taken in confirmation or correction. These records
will be turned over to the custodial agency at closure..

In accordance with Article XVIII, Section 6 of the 1977 lease,
US Ecology agrees -to remove all wells that are not needed for pur-
poses of monitoring upon facility closure..

US Ecology has established in the Beatty Facility Standards
Manual, Tables 6.1 and 6.2, action levels which initiate correc-
tive or mitigative action.

The action levels have, during past‘and present operations, per-
mitted evaluation of analytical results to ensure compliance with
license, state and federal limits,

The tables stipulate steps required to be taken when a sample ex-
ceeds an action level. This includes the collection of additional
samples to identify the isotope contributing to the activity and,
if deemed necessary, monitoring to determine the extent of
migration.
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11.2 Analysis Review ,

In September, 1982, analysis of a groundwater sample indicated an
elevated level of tritium. The sample had a tritium concentration
of 24 nCi/L and was listed on the vendor analytical report as cus-
tomer identification #44 which is normally associated_ with Well
301, the upgradient well. Subsequent samples from Well 301 were
less than the minimum detection level until March 3, 1983 when a
sample had 0.14 + 0.07 nCi/L of tritium. Because of the large
uncertainty, 50 percent, it is likely that this measurement is due
to a statistical variation in the background. Analysis of ground-
water for tritium from the vendor, Teledyne, has always shown a
minimum detection level of 1.0 nCi/L.

The most significant tritium concentrations have been measured in
site well 302. Tritium concentrations in site well 302 were less
than detectable until October 1982 when a peak of 410 nCi/L was
measured, A plateau of 35-79 nCi/L of tritium existed until May
1983. From that time a gradual reduction in the concentration
occurred until February 1986 when the concentration was less than
the minimum detection level of 0.5 nCi/L. There has been only one
groundwater sample with detectable tritium from well 302 since
February 1986. This occurred in a October 1986 sample, 0.6 *+ 0.3
nCi/L. This measurement is not very significant statistically and
may not indicate the presence of tritium. All other groundwater
samples of well 302 from February 1986 through October 1988 have
been less than the minimum detection limits, 0.5 nCi/L.

A precise reason for the presence of tritium in site well 302 can
not be made. Hypothetical causes for the presence of tritium in

the groundwater include the following:

1. Tritiated water has migrated down to the groundwater from the
disposed waste;
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2. Contamination of the samples has occurred at some point dur-
ing the collection, shipping, storage, or analysis of the
samples;

3. The wells were spiked with tritium.

Each of these three hypotheses will be discussed in turn including
the evidence supporting and conflicting with each hypothesis.

Data_collected over the past three years by the U.S. Geological
Survey adjacent to the Beatty site suggest that transport of con-
taminants through the undisturbed alluvium is minimal. Previous
measurements from 1975 through 1985 support a maximum water
migration rate downward of 4 mn/](? years. (Nichols, 1985) A
U.S. Geological Survey has suggested in more recent studies
(Fischer, 1990) that 4 cm/]O3 years is optimistic and that there
is no downward transport below 9 meters.

The U.S. Geological Survey has postulated that much of the water
flow may actually occur as vapor flow which does not carry dis-
solved radionuclides except for volatile molecular compounds of
hydrogen, oxygen and carbon. Water-potential gradients give pre-
1iminary indications that flow through interconnected pore spaces
may change seasonally to a depth of approximately 8 m. The hy-
draulic gradient appears to be upward below 9 m (Fischer, 1990).

The moisture retention characteristics of sediment samples from
borings at the Beatty facility (see Section 2.6} have been mea-
sured from which unsaturated hydraulic conductivities have been
- calcutated. These conductivities were used, assuming unit hydrau-
lic gradients, to estimate vadose zone fluxes and radionuclide
travel times to the saturated zone. This is part of the Environ-
mental Pathways and Dose Model analysis that was submitted to the
State, March, 1989, It considered the potential for 1iquid
migration to the groundwater and vapor migration through the
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final cap to the surface. This analysis refutes the hypothesis
that the tritium measured in groundwater at the Beatty site is due
to transport and diffusion from disposed tritium.

The second hypothesis cannot be supported because the tritium con-
centration was significantly positive over a vrelatively long
period of time. During that time period several different indivi-
duals have collected and shipped samples and four different com-
mercial analytical laboratories have been employed to measure the
tritium concentration. It is highly improbable that contamination
would have occurred during every sampiing round under these
circumstances. |

The third hypothesis, spiking of the well with tritium is
possible. The opening to the wells were not secured until late in
1983. Anyone with access to the site could have spiked the well.

"~ In addition, the ropes used to lower bailers into the wells have

been contaminated during sampling. The presence of tritium in the
groundwater samples and the behavior of tritium concentration in
the groundwater are the strongest evidence that the wells were
spiked. Data from shallow land disposal sites show multiple con-
centration peaks with the increases and decreases in concentration
superimposed over a long-normal distribution baseline. The tri-
tium concentration in well 302 shows only one peak with a regular
and gradual decrease.

Another site condition, trench excavation and backfill may change
the vertical variability of the soil and may influence water
potential. Soil-water monitoring is in progress at experimental
disposal trenches Tocated adjacent to the Beatty facility. Recent
data collected from this study indicates infiltrated waters have
not exceeded 1 m below the surface of the trenches and, as much as
84 percent of the infiltrated water had been depleted by
evaporation (Andraski, 1991). Soil-water content of the deeper
backfill and undisturbed soil have remained relatively constant
(Andraski, 1991). Present climate conditions, low precipitation
and high evaporation rates, 1limit the infiltration waters,
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This study and those conducted by Fischer confirm the results of
the earlier studies. Water is not a potential transport mechanism
from the waste trenches to the 352 foot depth of well 302. This
also supports the hypothesis that the well may have been spiked,

Additionally, the supporting evidence for this conclusion consists
of the following:

0 Tritium analysis from recently constructed wells 001 and 002
have not shown high concentrations.

0 The rope used to raise and lower the sampling bailer became
contaminated;

0 Contamination in the groundwater from disposed waste would
not have contaminated the walls of the well;

0 The tritium concentration showed only one peak with a gradual
drop-of f in concentration over the next year. The tritium
concentration was below detection 1imits in 3.3 years.
Typically, groundwater contaminated with radionuclides from
land burial demonstrates a multitude of peaks intermittent
with lTow or background concentrations;

) The present. geohydrological data results in a calculated
minimum travel time to the groundwater of about 2 million
years., Even if the tritiated water moved 1,000 times faster
than that measured at the site it would take 2,000 years.
There has not been sufficient time for waste to have migrated
to the groundwater;

0 After the wells were capped and secured no more tritium con-

centration peaks occurred. This is highly irregular behavior
for contamination in groundwater.
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12.0 OBJECTIVE 8
"That the trenches are stabilized such that settlement of the trenches

is reduced to minimal rates."

12.1

Response:
Final closure of the burial trenches will be accomplished by

covering the site with seven feet of soil. A conceptual plan
drawing of this cover is included as Attachment 12. This type of
cover will have many benefits, including minimizing infiltration
into the disposal trench, the extra weight of the soil will have a
surcharging effect on the waste thereby causing early consolida-
tion of waste, provide protection against burrowing animals and
root penetration, prove a barrier against inadvertent intruders
and creating a self healing cap. |

The entire closed trench area encompassing approximately 26.4
acres will be covered with site soil. This area may be expanded
if a future trench is constructed south of Trench 20. The cap
will be constructed by placing soils to a minimum depth of seven
feet above pre-1962 elevations over the entire disposal area.
With the three feet of soil already placed above the waste, a
minimum of ten feet of soil will be between the waste and the top
of cap. In order to provide drainage, the cap will be sloped up
at approximately 1% to 4% from the perimeter'to a ridge in the
center of the area. The outslopes from the perimeter will then be
sloped at 4 horizontal:1 vertical to provide for stable slopes.
These shallow slopes will provide for good runoff of the from the
cap yet be resistant to wind and water erosion. The majority of
the initial phase of the cap has been constructed. This phase
{Draw- ing NV-119-TRE-002) includes capping of the old trenches
while Trench 22 is stil)l in operation. The next phase for cap
construction will be completed after Trench 22 has been filled
(Drawing NV-119-TRE-001). Any future trench caps would be
constructed in accordance with Drawing NV-119-TRE-003.
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12.2 Landfill Settlement

In 1984 a study was conducted by James L. Grant & Associates to be
utilized as a synthetic/clay 1liner system waiver request for
future disposal cells at the RCRA facility. A portion of that
study investigated trench cap subsidence. This study is also
applicable for the radioactive disposal'trenches since the trench
depths, disposal methods and backfill/waste ratio are similar.
The results of Grant's study is summarized below.

Settlement of trench covers may occur as a result of several
potential factors. Settiement may occur as a result of consoli-
dation or readjustment of the host formation. This would occur if
the host formation were compressible or weak. Loads imposed by
the trench contents would cause the foundation of the trench to
settle, and this settlement, if it were severe enough, could be
reflected to the trench cover., Similar settlement could occur by
the compression of a component of the trench, such as a liner, if
the component were thick enough to cause significant settlement.
At the Beatty site, the host formation is comprised of dense, par-
tially cemented materials that are dry. These materials generally
are dense, and have unit weights larger than the waste that will
be placed in the trench.

Because of the dense, dry nature of the host soils, any settlement
that may occur would result from elastic deformation. This
settlement would occur almost concurrently with the imposition of
the load, and thus would not influence the long-term performance
of the trench cover. Because of the character of the foundation
materials, significant settlement of the foundation is not
anticipated. Settlement that does occur will be limited further
by the loading history of the foundation, which has been pre-
loaded to loads comparable to or larger than the load imposed by
the completed trench.

Because the waste at the Beatty site is disposed of in a dense,
partially cemented, dry soil, the majority of tne settlement of

772




the trench covers that may occur will vresult from primary and
secondary consolidation of the waste. Primary consolidation re-
sults from the elastic deformation of a material in response to a
change in stress within the mass. Secondary consolidation in
soils results from the same readjustment, but occurs over a long
period because of the rheologic factors that may control the rate
of stress changes. Generally, the factor that controls the rate
of secondary consolidation is the rate of internal drainage of the
s0il mass. Consolidation of sands is essentially all primary,
because the sands allow rapid dissipation of excess pore water
pressures generated by the imposed Joad. Clays may have long
periods of secondary consolidation because their low permeability
prevents the rapid dissipation of the excess pore water pressure.

Studies of simulated .disposal trenches conducted by the USGS
adjacent to the Beatty facility have also provided structural
monitoring and subsidence. These studies indicate 80 to 90 per-
cent of subsidence within the trench occurred during
construction. Total subsidence for both trenches, stacked-drums
and randon-drum placement, was about 6mm and generally occurred
within the six months following construction {Andraski, 1990}.
Drum placement (random vs. stacked) did not influence subsidence
of the trench covers. Maximum soil loss attributed to deflation
was 7mm (Andraski, 1990).

Sowers has studied the behavior of municipal landfills under load-
ing, and has determined that consolidation of the waste materials
can be attributed to four mechanisms. These mechanisms are:

1. Consolidation of void ratio reduction;

2. Biochemical decomposition;

3. Physiochemical changes;

74 '




4. Ravelling of soils into large voids.

Sowers found that the settlement of a landfill had two distinct
phases, similar to those found in the settlement of soils. The
first, or primary phase, occurs contemporangously with the
imposition of the load, and results from the adjustment of the
waste materials to a changed stress regime. Sowers found this
phase of the settlement to be completed within a short period
after the load was placed. After the period of primary consoli-
dation, the period of secondary consolidation of the waste
begins. This consolidation results from the effects of the first
three mechanisms described above. Sowers found that both phases
of consolidation could be described by the equations that describe
the respective phases in consolidation of soils. In the case of
waste consolidation, the settlement parameters are functions of
the composition of the waste, the density of the waste, and the
conditions within the waste trench that affect the rate of waste
decomposition.

The landfilis studied by Sowers had void ratios ranging from about
2 for well-compacted fills to as much as 15 for uncompacted
fills. These landfills typica]ly contain about 80% waste and 20%
backfill. On the basis of field studies of short and long-term
consolidation of these landfills, Sowers has developed the follow-

ing relations for the primary and secondary consolidation of
landfills.

Primary consolidation

de = -C. * Tog [{s+ds)/s]
Secondary consolidation
de = A * log (t2/t1)

where
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de is the change in void ratio

Cc {s a compression index related to the void ratio
and organic content

s is the initial stress
ds is the stress due to the added load, and

A is a function of the void ratio of the landfill and the
conditions under which decomposition of the waste occurs.

For low organic content fills, Cc ijs equal to 0.125e. A is a
function of void ratio, and is equal to values between 0.03e and
0.09e. The lower value is appropriate for conditions unfavorable
to decay, and the higher value for favorable conditions. Inter-
mediate values are used for intermediate conditions. Initially,
an aerobic enviromment favors decomposition, but decomposition re-
quires water, and the very dry environment at the Beatty site may
inhibit decomposition. Sowers notes that decomposition has been
arrested in the laboratory by keeping fills dry in plastic bags.

The above relations can be used to calculate potential settlement
at the Beatty Chemical site, but it must be recognized that the
conditions for which the relations were derived are more severe
than at Beatty. Aspects of the Beatty site that differ from those
studies by Sowers include:

1. Approximately twenty-five percent of trench contents fis
waste, the remainder is soil backfill. The landfills studied
by Sowers had about the reverse composition;

2. Backfill is compacted by tracking with a large dozer, and

further compacted by routing traffic over the buried waste.
Some landfills studied by Sowers also were compacted, and

76




Sowers noted the beneficial effects of compaction on limiting
long-term settlement.

The Beatty waste also differs in composition from the municipal
waste studies by Sowers. The fraction of paper, cloth and lawn
and garden refuse was estimated by Sowers to be between 20 and 60
percent. This waste is not present in significant quantities in

the Beatty waste stream.

The density of the Beatty waste also is higher than the wastes
studied by Sowers because the fraction of waste in the Beatty
trench is less than in the municipal landfills. Sowers noles a
minimum void ratio of about 2 for well Compacted fills. This"
value is for municipal landfills where about 75% of the volume of
the fill is waste. Assuming that the void ratio of the backfill
is about .35, and that the Beatty waste is similar to the muni-
cipal waste, then the void ratio of the materials in the Beatty
trench would be about 0.69. Thus the void ratios that Sowers
worked with are at least about 2.9 times as large as those of the
Beatty materials. Settlement at Beatty should be correspondingly
less.

These differences relate to the relative compressibility of the
Beatty waste relative to that of municipal waste. Although the
differences cannot be quantified, it is clear that the waste dis-
posed at Beatty 1is Tless compressible and less degradable than
municipal waste. Therefore, settlement estimates made by the
relations developed by Sowers should be conservatively large.

Estimates of settlement of the trench covers as & result of
primary and secondary made using the Sowers relations are.

Primary consolidation - 0.65 feet. This estimate assumes a value
of CC in the low range of values reported by Sowers, and assumes
that the load imposed is created by a 10 foot thick cover weighing
125 pounds per cubic foot. The waste was assumed to weight 100
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pounds per cubic foot. The cover is assumed large enough that
attenuation of the added stress does not occur over the depth of
the trench, Settlement only of the waste 1is considered.
Foundation settlement is not included. The waste was assumed in
equilibrium prior to applying the cover. This assumption is
reasonable because the primary consolidation occurs quickly and
the trench is filled siowly.

Secondary consolidation - 0.5 feet at 50 years after closure.
This estimate assumes that secondary consolidation occurs during
the fiﬁ]ing of the trench, and that the average time of consoli-
dation is 10 years when the trench is closed. A value of "A" of
0.09¢ was used. This value is appropriate for situations where
conditions are favorable for decomposition. Lower values probably
are appropriate at the Beatty site because of tne dryness of the
waste. The result obtained from the Sowers equation was divided
by 2.9 to account for the smaller fraction of waste in the Beatty
trench.

Because primary consolidation is small, and occurs immediately
after application of the 1load, it 1is not significant to the
Tong-term performance of the trench cover. Secondary consoli-
dation also is small enough that it should not adversely affect
the long-term performance of the cover. Slopes on the trench
cover are sufficient to maintain drainage with settlements of 0.5
feet, and this settlement, over the area of the trench cover,
should not disrupt the integrity of the cover.

The settlement discussed above represents the majority of settle-
ment that may occur in the Beatty trench. Mechanisms that may be
important in other situations are not applicable to the Beatty
site. Liquefaction occurs when loose, saturated sands are sub-
jected to vibrating loads. The materials in the trench are dense,
dry sands, and are not subject to liquefaction. Subsidence also
can occur as a result of creep in unconfined soils. The waste in
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the trench is confined by the dense host formation. Consequently,
this mechanism is not credible at the Beatty site.

Sowers notes that settlement by ravelling cannot be predicted.
Ravelling results from the movement of soil within the trench into
large voids. Ravelling is enhanced by changing moisture
conditions in the trench, and by the movement of infiltration
through the waste. The Beatty site is operated to minimize voids,
and moisture conditions within the trench are relatively
constant. Because of the arid setting of the site, significant
infiltration into the trench does not occur. These conditions
indicate that ravelling should be minimal at the site.

performance objectives reauire that disposal trenches be
ctabilized to minimize settlement. Closure procedures previously
discussed minimize settlement after closure by consolidating waste
and minimizing void space to a practical level. However, a cer-
tain amount of future settlement can be expected due to natural
and expected mechanisms. Previous experience, even with trenches
closed under less stringent closure requirements, indicates that
settlement has been minimal.

Though US Ecology believes that windblown sand will tend to fill
surface depressions, the integrity of the cap is safeguarded by
inspections on a semi-annual basis during the custodial period and
follow-up maintenance on the caps, if necessary. Surveillance and
occasional maintenance is a security requirement for the custodial
period after post-closure. This factor 1is the basis for the
federal requirement for transferring of the reéponsibility to
either the state or federal government rather than an individual

or company.
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13,0 OBJECTIVE 9
"That conditions for erosion, water infiltration into trenches, Toss of

site or trench integrity due to such factors as groundwater, surface

water, and wind are eliminated.”

13.1

Infiltration

Due to the Tow annual precipitation (average 2.5 to 5.0 inches},
most direct precipitation over the facility area infiltrates and
then evaporates, leaving littie water available for surface
runoff. Thus, surface water runoff or water erosion commoniy does
not occur at the facility as described in Section 2.4 of this
plan, Water infiltration is not expected to penetrate deeper than
about nine to thirteen meters below the ground surface.

Preliminary findings at the USGS study site located at the Beatty
facility indicate that below approximately nine meters the soil
moisture gradient is upward towards the surface. (Fischer, 1990).
Additionally, soil-water monitoring is in progress at the experi-
mental USGS trenches located adjacent to the facility. " Recent
data indicates infiltrated water does not exceed 1 m below grade
(Andraski, 1990). As much as 84% of this infiltrated water is
depleted by evaporation. Soll water content of the deeper back-
£i11 and undisturbed soil has remained vrelatively constant
(Andraski, 1990); although, USGS has shown that the moisture
stored in the near-surface soil may be dependent upon the
vegetation present.

Interim trench caps are constructed of in situ, granular material
and are not designed to prevent but rather to retard moisture
infiltration. Most rainfall that occurs at the site infiitrates
the ground surface. However, because of the dry condition of the
soils, the water will not penetrate too deeply into the ground be-
fore evaporation and transpiration return the moisture to the
atmosphere. Minimization of infiltration into the present and
future cells will be provided by constructing this cover of at
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13.2

least eight (8) feet of site soil and compacting by passing over
the 1ifts with heavy construction equipment.

Upon closure of the facility, additional soil will be. ﬁsed to
cover the entire radioactive disposal trench area to a minimum
depth of seven feet. This final cap will be graded to an approxi-
mate 1% to 4% slope, as shown on drawings NV-119-TRE-001, -00Z,
and -003 with 4 horizontal:1l vertical sideslopes. The cap will
provide added infiltration storage capacity for water to be
returned to the atmosphere via evaporation, pefore encountering
waste.

surface Water Erosion

The resistance to cap erosion is achieved by using mild slopes and
constructing the cap with site soils, which are well-graded
materials and contain a percentage of gravel and cobble size
particles. In 1987 a study was conducted by James L. Grant and
Associates to determine the amount of erosion that could be ex-
pected on trench caps constructed of site soils at the Beatty
facility. The method of analysis used in the Grant study was The
Modified Universal Soil Loss Equation (MUSLE).

The basic Universal Soil Loss Equation (USLE) 1is the best and most
widely used method for predicting average annual soil Tloss from
sheet, rill and interrill erosion. Tnis equation relates soil
erosion to rainfall characteristics, soil characteristics, land
slope and slope length, vegetative cover and erosion control
practices. The USLE predicts gross erosion, which 1is sediment
produced by a combination of rill and interrill erosion., The USLE
does not account for significant deposition.

The MUSLE is a modification consisted of replacing the rainfall
factor in the USLE with a parameter describing the energy of storm
water runoff. In the Grant {1987) study, the conclusion was that
over a 1000-year period the total erosion on top of the cell cover
woq]d be .1 inches and .9 inches on the steeper side slopes.
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13-3

13.4

The results obtained in the Grant study are for a trench which has
steeper slopes than those designed for the cap over the closed
radicactive material trenches. After substituting the shallower
radioactive material trench cap slopes into the MUSLE it was found
that over a 1000-year period the expected erosion on top of the
cap would be .02 inches and .9 inches on the steeper side slopes.
These results illustrate the excellent rainfall erosion protection
that is provided by utilizing site soils and shallow slopes for
cap construction.

Wind Erosion

In 1989 a study was conducted by US Ecology to determine the
minimum thickness of trench caps required at the Beatly facility
based upon wind erosion resistance, {Attachment 16). The method
utilized by the Armmy Corps of Engineers was selected in that it
uses wind characteristics along with soil and vegetation factors

to predict soil loss.

The results of this study conclude that a minimum thickness of
16.2 inches of site soil will be necessary to insure an adequate
gravel cover will remain after 500 years. As stated in this plan,
the site will be capped with a minimum 7 feet of soil; increasing
the cover over the waste to at least 10 feet. The area that will
be most prone to erosion will be in the center of the cap where
the thickness will be the greatest, approximately 12 feet above
grade. An adequate cover will remain even for this conservative

analysis.

Groundwater

Groundwater at the facility is at a depth of approximately 300
fect below the facility. The deepest trench to date is Trench 22
with a depth of 50 feet. This equates to groundwater being

~ approximately 250 feet below the bottom of the deepest trench. AtL

these depths groundwater will not come into contact with buried
waste, '
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13.5

13.6

Floodplain . ‘

The facility is not in a 100-year floodplain, as shown on National
Flood Insurance Program flood insurate rate map for Nye County,
Nevada, Community-Panel number 320018 01528 (Attachment 4). "It is
located on a rise on an alluvial fan forming the upper end of a
long valley within the Amargosa Desert. Site elevations vary from

_2787 feet to 2770 feet above mean sea level. The land continues

to slope to the southeast for at Jeast 8000 feet as shown on the
United States Geological Survey (USGS) quad sheet "Bare Mtn.
Nev." The average annual rainfall is estimated to be between 2.5
and 5 inches. The facility is not subject to concentrated storm
water flows resulting from extreme rainfall events. Sheet flow
which might result from such a storm js diverted away from the
site by diversion ditches. These existing diversion ditches
prevent off-site run-on from entering the facility.

Due to the arid nature of the facility, the depth of the water
table below the disposal units, the sandy nature of the cap, and
gentie slopes of caps coupled with gravel protection, natural con-
ditions, even over a substantial period of time, pose a minimal
danger to cap integrity.

Catastrophic Events Analysis

The site closure plan includes final capping of the site with the
cap elevated from 7 to 14 feet above grade and sloped to drain.
Soil and rock are used to construct the permanent components of
the disposal facf1ity cap. These materials are not subject to
significant deterioration during the life of the facility and can
withstand an abnormal event. The disposal unit cap is designed
such that repairs would consist of repairing subsidence features
using on-site soils and the regrading of surface drainage swales

on the cover,

Abnormal events that could create a need for maintenance include
erosion by wind or water and earthquakes. The facility is de-
signed to withstand all credible erosion without loss of function
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{Section 13.2 and 13,3), so the occurrence of such events should
not create a need for immediate maintenance. Earthquakes, as the
analysis below indicates, also would not cause loss of trench cap
integrity, but may cause subsidence needing repair.

As stated in the Beatty Hazardous Waste Management Facility RCRA
Part B permit application, no record exists of any historic earth-
quake epicenter in the Beatty area since 1800. However, to
evaluate long-term seismic effects on trench cover integrity,
relationships between earthquake return period and horizontal
acceleration for the southern Great Basin can be used. For a re-
turn period of 10,000 years, the acceleration would be about 0.3g.

During an earthauake, trench backfill could be densified leading
to subsidence. Knowing the density of backfill and the maximum
density (minimum void ratio) of a soil caused by an earthauake of
a given magnitude, estimates of subsidence can be made. A soil at
a higher density (or lower void ratio} than that resulting from an
earthquake would not densify.

. A typical value for the density of trench backfill at the Beatty
Low-Level Radioactive Waste (LLRW) Facility is 108 pounds per
cubic foot (pcf). This is equivalent to a void ratio of 0.54.
The void ratios and densities of soil after an earthquake with a
horizontal acceleration of 0.3 g. would be 0.74 to 0.86 or 9-95
pcf. These conditions represent soils that are lower in density
(higher in void ratio) than the original trench backfiil. As a
consequence, significant trench subsidence by an earthquake is
predicted not to occur.

The Beatty LLRW Site Stabilization and Closure Pian (Dec., 1988)
contains an analysis of trench cover subsidence as a result of
waste form degradation and settlement. The dry, dense, partially
cemented nature of site sediments indicates that the majority of
trench cover subsidence will occur from primary and secondary
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consolidation of the waste. The analysis presented in the plan
demonstrates that long-term performance of the trench cover will
not be significantly affected by waste consolidation. Lique-
faction as a mechanism for trench cover failure is not credible at
the Beatty site.

Long-term geochemical alteration of site sediments is restricted
to normal weathering and soil-forming processes and would have no
impact on trench cover integrity.

Site failure scenarios that would result in increased radionuclide
releases or direct exposure to an individual were analyzed on a
qualitative basis.

Direct Exposure

The Beatty cells that are closed have from of 3 to 8 feet of soil
between the waste and grade. These caps have reduced the direct
radiation to approximate background levels. With the placement of
an additional 7 to 14 feet of waterial above the in-place caps,
erosion of this material would be required just to return to the
present site direct radiation readings. This does not seem
plausible for any credible catastrophic event.

Earthquakes have the potential to cause subsidence within the
cell. As the above analysis demonstrates, a credible earthquake
would not result in subsidence to the extent that waste would be
exposed however, even if it were exposed, repairs would be
possible.

Radionuclide Release

The potential for radionuclides to migrate from the cell to the
groundwater are possible only if the amount of moisture present
within the cells increases. Cover failure followed by a potential
precipitation event would increase the leachate present within the
cell and possibly release radionuclides to the vadose zone for
possible migration to the groundwater.
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13.7

The infiltration rate used in the pathways analysis and dose model
for the Beatty site (0.5 mm/yr) resulted in radionuclide doses to
a hypothetical individual at the site boundary that was less than
7.2 percent of the regulatory limit.

Sensitivity calculations indicate that different infiltration
rates would produce proportional changes in the well radionuclides
concentrations and the resultant doses. This means that a tenfold
increase in infiltration, resulting in the same radionuclide

solubility as was used in the model, would result in an approxi-

mate tenfold increase in dose. Also, this infiltration would have
to be maintained for one year to equate to the yearly dose calcu-
lated in the model. This dose would still be below the regulatory
limit in NAC 459.8155(1). Potential precipitation events and
trench cover failure modes that would result in infiltration at or
above the above scenario do not seem plausible.

Mitigating Actions _
Environmental monitoring and survey data of potential pathways for
transport of radionuclides from the facility including ground-
water, surface water, air and biotic samples will be collected as
described in Sections 8 and 9 of this Plan., Data will be reviewed
by the Corporate Radiological Control and Safety Officer. The
purpose of the review will be to: 1) assure that limits set fortn
in NAC Chapter 459 are not exceeded; 2} identify trends associated
with the data and evaluate the causes; and 3) assure that
migration of radionuclides off-site does not occur. Review will
involve comparison with normal background as well as administra-
tive action Jevels and state of Nevada limits.

Any data indicating that releases have occurred through a pathway
will result in increased monitoring of that pathway and any other
pathways that may as a consequence be affected. Information
gained from such data will be used in conjunction with preopera-
tional and operation data to determine the severity of any release
and to estimate through dose calculations the health consequences
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of the release. The Division will be notified of any data which
indicates that a vrelease has occurred, Possible mitigating
actions which could be taken to both stop the release and reduce
or eliminate any dose to the public are discussed below.
Implementation of specific mitigating actions will be undertaken
with the approval and concurrence of the Division.

Groundwater Pathway

The groundwater pathway involves migration of contaminated water
through the vadose zone and into a drinking water aquifer into
which an off-site well may be drilled. Groundwater monitoring is
accomplished by sampling from indicator wells 00! and 002 and
upgradient well 312. Samples will be collected semi-annually and
analyzed for tritium, gross alpha, gross beta, and gamma emitting

radioisotopes.

Data will be analyzed to identify the existence of trends and
variation from normal background levels as well as conformance
with applicable state regulations. If trends or elevated activity
are found, additional sampling will be performed and the sur-
veillance frequency will be increased with the review and con-
currence of the Division. The site will be inspected to assure
the integrity of the trench caps and draipage channels, and re-
pairs will be made as needed. A supplementary monitoring plan
will be proposed to the Department for purposes of further
characterization of the contaminant plume. Any such plan would be
subject to review and approval of the Division prior to
implementation.

If increased monitoring or dose projections indicate that NAC
Chapter 459 1imits are being approached, other actions will be
taken to reduce or eliminate radiological exposure. Examples of
such action are: '

1. Increased surveillance to identify and repair any deficient
trench caps;
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2; Increase density of cap vegetation; B
3. Modify or repair water diversion dikes;
4. Re-cap trenches as necessary to reduce water infiltration.

Surface Water Pathway

The surface water pathway involves transport of radioactivity to
an off-site location by surface water run-off. Due to the Tow
probability and unpredictable nature of severe precipitation
events around the site, monitoring of this pathway is difficuit to
achieve. However, if precipitation occurs in large amounts such
that the trench caps appear to have been breached, environmental
samples (surface water and soil) will be collected as available.
Samples will be analyzed for gross alpha, gross beta and gamma

emitters.

If surface water samples are available, they ﬁi]] be additionally
analyzed for tritium. Repairs to the trench caps will be made
with the concurrence of the Division. If envirommental samples
indicate concentrations of radioactivity above normal background,
other SampTes will be collected to verify and determine the extent
of the contamination. Upon verification of contamination, a plan
for additional monitoring and mitigating actions will be submitted
to the Division. Objectives of the plan will incorporate ALARA
principles and comptiance with NAC Chapter 459,

Some possible mitigating actions to achieve the above defined
objectives include:

1. Increased surveillance of the site, especially during or
after severe rain events to evaluate the effectiveness of the
surface controls and identify any potential problems.

2. Remediate and fepair damage to trench caps and drainage

channels.
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A11 mitigating actions would be performed with the concur-
rence of the Division.

Atmospheric Pathway
The atmospheric pathway involves possible exposure to individuals

from:

1.  Radioactive particles that have been uncovered and are trans-
ported through resuspension, and

2. Release of gases disposed at the site or generated during
decomposition of the wastes.

Air samples will be collected and analyzed on a guarterly basis as
described in Section 9.3. Analysis will be performed to determine
concentrations of total uranium, plutonium and specific gamma
emitters.

Results will be analyzed and compared to normal background and in-
vestigated for trends. Elevated results would require notifi-
cation of the Division as well as increased monitoring to further
characterize the release. Dose calculations would be performed, '
if necessary to verify compliance with NAC Chapter 459. A plan
for mitigating actions to reduce exposure ALARA would be submitted
and implemented with the approval of the Division. Such actions
might include:

1. Increased surveillance of trenches and repair as necessary to
circumvent erosion.

2. Re-capping or repair of trenches as needed to contain wastes
and prevent further erosion. '

3. Monitoring of off-site vegetation and surface water supplies
for contamination.
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4., Survey and decontamination of areas off-site as necessary.

‘Direct Exposure Pathway

The direct exposure pathway involves exposure to an inadvertent
intruder from direct gamma radiation. Monitoring of this pathway
will be performed in accordance with Section 8.1.3 of the Closure
Plan. All survey data will be documented so that comparison with
‘background and trend analysis can be performed. Surveys will pro-
vide a second function of assuring that trench cap integrity is
maintained since any subsidence will be observed during the
walkover. Any significant subsidence will be documented and re-
ported to the Division. Repairs will be made to reduce exposures
ALARA and maintain compliance with NAC Chapter 459.

Other mitigating actions which might be taken to reduce exposure
ALARA include:

1. Repair or replacement of fences to prevent entry by inad-
vertent intruders;

2. Posting of warning signs at required intervals afong the
fence. Surveillance of the fence will be performed to ensure
that the signs are in place and that they are legible;

3. Increases surveillance as necessary to monitor the status of
the site caps and activities around the site.

Biotic Pathway

The biotic pathway involves transport of wastes to the soil sur-
face via plant and animal intrusion. Contamination could then be
transported off-site. Monitoring of this pathway will be achieved
through the collection of soil and vegetation samples as well as
surface water samples as discussed above. Soil and vegetation
samples will be collected and analyzed biannually as described in
Section 9.4. Analysis will be performed to indicate total
uranium, isotopic plutonium and specific gamma enitting isotopes
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Results will be compared with background concentrations estab-
lished during the site pre-operational and  operational
activities. Verification of elevated activity or trends will re-
sult in notification of the Division, as well as submission of a
plan for proposed mitigating actions to ensure that doses are
maintained ALARA and in compliance with NAC Chapter 459.

In addition to the mitigating actions which were previously dis-
cussed under the surface water and atmospheric pathways, the fol-
lowing actions might be taken:

1. Removal of deep rooted plants from the site;
2. Repair of areas breached by vegetation or animal activities;

3. Increased surveillance of the site to allow for early detec-
tion of improper vegetation types or animal activities.

Upon verification of the existence of radionuclides in pathways
which might resuit in doses to individuals off-site approaching
those limits set fortn in NAC Chapter 459, a full review of ail
possible mitigating actions will be performed. This review will
entail analyses to determine state-of-the-art methodologies for
reducing or eliminating exposure due to the affected pathway.

Alternative courses of action based on this review will be

prioritized and submitted to the Division for approval prior to
implementation of mitigating actions. o
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14.0 OBJECTIVE 10

"To demonstrate that trench markers are in place, stable and keyed to

bench marks, and that identifying information is clearly and permanently

marked."

14.1 Response:

14.1.1

14.1.2

14.1.3

Completed and capped disposal areas are marked with monu-
ments bearing plates inscribed with the identifying infor-
mation required by the licenses. Survey records tying
these monuments and the disposal area corners to estab-
lished federal control systems will be transferred to the
custodial agency after closure. Trenches have been fixed
by engineering surveys and plotted on the US Ecology,
Inc., site map. An updated facility map with a complete
list of trench coordinates tied into the U.S. General Land
Office (U.S.G.L.0.) Section Survey will be provided to the
custodial agency at closure.

Records pertaining to the replacement of destroyed markers
are being maintained by the facility. These records will
also be provided to the custodial agency at closure.

It is assumed that the trench markers will last during the
entire custodial care period. The monuments placed at
each end of the trench should be stable and legible over a
50-year time period due to the lack of water erosion in
this area. Rainfall, ranging from 2.5 to 5.0 inches per
year, does not provide enough moisture for appreciable
corrosion to occur. The lack of moisture in the soil also
prevents a freeze/thaw cycle which could dislodge the
monument from its permanent position. Experience with an
arid facility for over 30 years also indicates that
erosion and corrosion of these types of materials are
minimal. Also, the tikelihood of a monument being dis-
lodged by equipment during the custodial period is remote,
and this would be the most 3likely factor to damage the
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14.1.4

monument. The brass plate is attached to the concrete
monument with four expansive sleeve bolts; one bolt in
each corner of the plate. The brass plate 1s engraved
with letters 10/1000 inches deep.

The trench markers utilized are solid concrete blocks,
approximately 12 inches thick, 12 inches wide and 36
inches long. MNecessary information 1is inscribed on a
brass plate approximately 4 inches x 6.5 inches, 1/8 inch
thick and bolted to the marker. The brass plates have
inscribed on them the following information:  trench
number; depth, length and width of the trench in feet;
opening and closing month and year; byproduct material in
curies; source material in kilograms; special nuclear
materials in grams; the total volume of waste buried in
cubic feet; and the coordinates of the trench corners.
Monuments bearing this information have been placed at
each end of all 21 closed trenches.

In addition, there is a "special projects area" which has
a monument at each end which 1lists the following infor-
mation: depth, width and length of area in feet; opening
and closing month and year; byproduct material in curies;
source material in kilograms; special nuclear materials in
grams; and the total volume of waste buried in cubic feet.
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15.0

OBJECTIVE 11

"To assure that the custodial agency will receive complete records of

site maintenance and stabilization activities, trench elavations and

locations, inventory, and monitoring data for use during custodial care

in the event there is a need to take unexpected corrective measures or

to interpret data."

15.1

Response:
Those records required by the custodial care agency, generated

during the operational phase of the facility, will be inventoried
as necessary prior to closure and during closure. The following
records are deemed appropriate for transfer to the custodial

agency:

A. Radiocactive Waste Shipment and Disposal Manifest;

B. Burial reports required by the radioactive materials license;

C. Envirommental monitoring results and any documentation of re-
quired corrective actions. US Ecology has performed environ-
mental analyses of soil, vegetation and water samples since
1962. This data is available at the facility and will be
transferred to the custodial agency;

D. Quarterly trench inspection and maintenance records;

E. Isotopic data is available for waste received covering the
life of the facility;

F. Current plot plan, indicating all disposal areas and
facilities;

G. Trench monument data (redundant record);




H. Copies of applicable Manuals and Procedures;

1. . License files and license correspondence files.

Copies. of the monthly isotopic report are currently on file with
the state. Records indicated above will be furnished as computer

print-outs, microfiche, microfilm or raw data, as appropriate, at
the time of transfer to the custodial agency.
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16,0 OBJECTIVE 12
"To assure that a buffer zone has been established surrounding the site
which is sufficient to provide space to stabilize slopes, incorporate
surface water management features, to assure that future excavation of

adjoining areas will not compromise trench or site integrity, and to
provide working space for unexpected mitigating measures in the future."

16.1 Response:
The area surrounding the site is leased by the state of Nevada
from the BLM for use as a buffer zone. This is approximately 1320
feet wide as shown on the topographic map in Attachment 2 and as
described in Attachment 14. Additionally, the state is consider-
ing the purchase of the BLN land for a permanent buffer zone.

In addition, site operations voluntarily allow a 20-foot-wide
tract between the trench boundary and the facility boundary.
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17.0 OBJECTIVE 13

"To provide a secure passive site security system (e.g., a fence), that

will reguire minimum maintenance."

17.1

Response:
The east access gate to the radiological disposal facility wilil be

sealed shut in a manner which will not allow it to be used (either
welded or bolted in the closed position). The remaining gate will
be locked and fitted with a suitable alarm to be activated in the
deputy sheriff's office in Beatty, Nevada, when the gate is
opened. when this alarm is triggered, an officer will be dis-.
patched to the facility to investigate, untess the deputy
sheriff's office has been notified by an authorized party of an
entry at that time. The determination of parties authorized to
enter the facility will be by the custodial agency or its
representative. US Ecology, Inc., will have direct access control
to the facility wnhile actively operating and/or maintaining the
facility. '

Life of the perimeter fence is based upon US Ecology's observation
at the site which indicate a useful life of at least 50 years
under desert conditions. The fence is an eight (8) foot high
chain 1ink topped with barbed wire. The posts are set ten (10)
feet center to center and are set in a portland cement grout mix.

Warning signs, which are placed along the fence approximately

every 50 feet, will be replaced when they become illegible or
damaged.
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18.0 OBJECTIVE 14

"That a surveillance program, to assure the objectives of the decommis-

sioning plan have been met, is established. This shall include a

" groundwater, surface water and air quality monitoring system."

18.1

Response:
It is recommended that the present facility environmental monitor-

ing program (including vegetation, soil, groundwater, and air
quality} be modified to ensure that the requirements of Section
9.0 of this document are met.

Radiation survey air sampling and counting equipment will continue
to be calibrated and maintained under the same frequency as during
the operational phase (i.e., semi-annually}. Parts and/or equip-
ment will be replaced if it is determined that (a) the system can-
not be repaired or (b) cost to repair exceeds the cost to replace
the equipment.

Routine radiological surveys of equipment and facilities, by the
radiological control personnel, for removable contamination and
fixed radioactivity will be conducted as part of the Radiological
Control and Safety Program. The general requirements for these
surveys are as follows:

18.1.1 Removable Contamination
Surveys for removable contamination will be performed by
wiping the surface being surveyed with an absorbent
material using moderate pressure and then counting any
collected radicactivity on the absorbent material
(smears). The absorbent material utilized for the survey
may vary depending on the abrasive nature of the surface
being surveyed. The number of smears taken for a par-
ticular survey will vary with the size, type of smear
used, and condition of the surface (i.e., abrasive, damp,
dirty, etc.). An acceptable technique for taking a smear
from an accessible surface will be to make an "S" pattern

aa



i8.1.2

18.1.3

over the surface being surveyed, starting the smear at the
normal extended arm's length and drawing it toward the
body. The area covered by a smear will also be a function
of the physical condition of the surface being surveyed
and the type of smear being used, but will generally be
from 100 to 300 square centimeters.

Smears suspected of having alpha contamination will be
checked for alpha activity by counting in an instrument
capable of detecting alpha radiation.

Fixed Radicactivity

Fixed radicactivity surveys are gamma Surveys and are
sometimes referred to simply as "padiation" surveys. The
technique used in taking these surveys will depend on the
jtem being surveyed. The detector probe is usually held
at waist height when doing general area surveys or the
probe is held one inch from the object for a direct
survey. Any survey instrument which has been calibrated
for, and reads out in "mr/hr", "R/Mr" or “uR/hr' s
acceptable for radiation surveys. Beta gamma friskers may
pe used for low-level radiation surveys. If levels are
Jess than 300 cpm above background with background less
than 300 cpm less than 0.1 mr/hr may be recorded. When-
ever a different probe is utilized on a survey meter, the
calibration will be checked.

Contamination Limits

The contamination 1imits to be utilijzed will be taken from
49 CFR 173.443 as described below. These limits are used
because the major portion of the disposal site activities
which may be associated with contamination, (vehicle re-
ceiving, DOT containers, decontamination and vehicle
release) are governed by DOT regulations.

[o] 4]




Surfaces which are surveyed directly with an Eberline
HP-210, and HP-190 detector or equivalent, may be con-
sidered free of beta-gamma contamination if no readings
greater than 100 counts per minute above background are
detected, provided the background is less than 300 counts
per minute.

Removable (non-fixed) radiocactive contamination is con-
sidered significant if the level of contamination when
averaged over any area of 300 square'centimeters of any
surveyed surface exceeds any of the following:

Maximum Permissible

Level

Contaminant Ci/cm? dpm/cm2
Natural or depleted uranium
and natural thorium:

Beta - ganma..... Cheveees veenes veae 107° 2200

ATpha..ss... e e s ..107 220
A1l other beta-gamma emitting
radionuclides..oeesreess Ceeerean beenens veas 1070 220
A1l other alpha emitting radionuciides..... 1078 22

(1) In assessing surface contamination, a sufficient num-
ber of measurements must be taken in the most appro-
priate Tocations so as to yield a representative
assessment of the contamination situation. The
average amount of removable (non-fixed) radioactive
contanination may be determined by wiping the surface
with an absorbent material, using moderate pressure,
and then measuring the activity on the wiping




material. If the measured activity per square centi-
meter does not exceed 10 percent of the levels pre-
scribed above, it may be assumed that those Tevels
have not been exceeded. Other measurement methods of
equal or greater efficiency may also be utilized.




19.0 FACILITY CLOSURE COSTS
Facility closure costs for the Beatty site are divided into two
sections. The first section addresses the various costs of closing the
facility. These include backfilling the remaining trench volume,
environmental monitoring and constructing the minimum seven feet thick
above grade cap. The second section includes costs for the one—yedr site
stabilization period. These costs include maintenance and environmental

monitoring.

For cost accounting, closure of the Beatty LLRW facility is assumed to
take place on December 31, 1992. Should the site accept waste past 1992,
the maintenance fund would increase. '

It has been estimated that upon facility closure all of the necessary
building removal and 1andfiil closure can be accomplished in six months.
Following this period, US Ecology personnel will be present at the
facility to conduct routine environmental monitoring and monitoring of
site stabilization for an additional year. During this period records
will be compiled for transfer to the custodial agency.

Each year during the closure, stabilization and post-closure periods,
US Ecology has included a contingency allowance of $5,000. In addition,
two fence replacements have been included and to fund any unforeseeh
events that require capital, a contingency of $150,000 is included in
year 10, $250,000 in year 50 and $500,000 in year 100.
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1 »sc9209.22

2 rev.d NEVADA RAD CLDSURE COSTSH

3 nvrpts

4

5 CLOSURE PREIOD (& MONTHS)

6 LEBAL $36,000
7

8 PERSONNEL

9 WAMAGER $12,588

10 ASS1T. MANAGER $i@, 08

11 RS0 _ $17,508

12 TECH $16,258

13 LABOR(1} $11,758

14 ELERICAL $4,375

15 subtotal $72,375

15 LOH @ 452 $32, 569

17 TOTAL LABDR CO5T $104,944
16

19 OFFICE

20 UTILITIES $688

ya! PHONE $2, 408

22 M1ST DFFICE £1,208

23 TRAVEL %4, 400

24 VEHICLE $1,350

75 HISC $b, 000

26 TOTAL OFFICE COST $15,950
27

28 AICS EBUIPKEN] $12,008 %12,
29

3B CORP. AUDIT { 2 days/qtr )

3 AIR TRAYEL $1,608

32 fOOM/BORRD $24P

3 VERICLE RENTAL ‘ +180

34 TOTAL CORP. AUDIT COST 42,8728
35

36 ENVIR. HONITORIRG

3 BROUNDMATER £1,%920

I8 VEGETATION $i,968

39 50IL $1,948

49 TLY’s $179

41 AIR §228

42 TOTAL ENVIR, MON. COST $6,276
43

44 BUILDING DECODN $208 $208
45

44 ERUIPHENT DECON $528 $500
§7 :

4B LANDFILL CLOSURE ( PROJECTED as of 12/31/92)

49 TREMCH BACKFILL $145,455

58 137,222 ry @ $1.04/cy

at 7t cap . $14b,5694

52 138,391 ty @ $1.De/cy

53 RELOCATE FENCE $52,248

54 2008 1f @ $1B.66

33 GATE ALARM SYSTEM £3,000

3h RELOCATE TRENCH MDMUMENTS $1,280




57 SITE ENBR, SURVEY $3, 000

58 AERTAL PHOTO/MAPPING $7,508

39 TOTAL LANDFILL CLOSURE COST $361,098
40

b1 CONTINGENLCIES $2,509 $2,500
b2

53 TOTAL ELDSURE COSTS $541,488
b4 T
63 STABILIZATION PERIDD ( MONTH 7 through HONTH IB)

bt PERSONNEL effort

67 MANABER a8y $25, 800

68 ASSIT, MANAGER S8l $20, 080

69 RSO 1 H $32, 508

70 TECH B $

1 LABOR (1} 1881 $23,508

by TLERICAL e’ 5@

73 subtotal $121,900

74 LDH 3 45% $45, 458

75 TOTAL LABOR COST $145, 450
76

77 OFFICE

18 BTILITIES $1,280

79 PHONE $4,000

ae KIS0 OFFICE $1,200

B1 TRAYEL £5, 600

82 VEHICLE $2,700

B3 HI5¢C $12,809

84 TOTAL DFFICE EDST 428,508
85

86 MICS EQUIPHENRT $3, 488 43,408
87

98 CORP. AUDIT { 2 days/qtr )

8? AIR TRAVEL $3,200

o RDOM/BOARD $480

91 VEHICLE RENTAL $360

52 TOTAL CORP. ABRIT COST 44,040
93

94 ENVIR, MONITORINE

95 GROUNDWATER 41,848

9 VEGETATION $3,956

57 S0IL $3,928

98 TL)'s $348

99 AIR $516

120 TOTAL ENVIR. MON. COST $12,552
i1}

182 CONTIMBENCIES 5,009 %5, 080
@3

104 TOTAL STABILIZATION PERIOD COSTS $199,950
et
1@6 STATE ADMINISTRATION (CLOSURE & STABILIZATION PERIOD, !B
187 PERSONNEL

128 {IN-5ITE INSFECTOR DURING CLOSURE $21,632

189 1842 hrs 9 $20.B8/hr

110 RAD HEALTH SUPERVISOR DURING CLDSURE $15,088

it 4 STABILIZATION PERIOD quarter tige

112 520 hrs/yr @ $48,E80/yr
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- 115

{13 CLERICAL BURING CLOSURE $5,623
114 % STABILIIATION PERIDD quarter tiae

328 hrs/yr & $15,898/yr
ilé ADMINISTRATIVE AID DURING CLOSURE $6,258
7 k STABILTIATION PERIBE one month/yr
118 173 hrs/fyr 3 $58,808/yr
113 subtotal $48, 507
120 LOH & s@¥ $2%,104
121 TOTAL LABOR COST $77,611
122
123 OFFICE SUPFIES %2,809/yr +2, 880
124
123 TRAVEL
126 ASSUME 1 BITE VISIT/GTR, 2 DAYS EACH
127 bBB MILES/TRIP & %@,25/MILE $922
128 PER DIEM @ $&R/DAY $728
129 TOTAL TRAVEL COST 41,620
138
13 TOTAL BTATE ADMINISTRATION COSTS 82,231
132 - -
133 SUNMARY of CLDSURE & STABILIZATIODN
134 TOTAL CLOSURE COSTS $34), 4808
135 TOTAL STABILIZATION PERIOD CDSTS $199,9u8
136 TOTAL STATE ADNINISTRATION COSTS $82,231
137
138 TOTAL $823, 669
139 =mmmmmmmm --
148 POST-CLOSURE PERICDD  98.5 yr PERIOD)
141
142 ASSUMPTIONS: MONITORIMG & MAINTENAMCE UMDER THE CONTROL
143 CUSTODIAL AGENCY. WDRK WILL BE PREFDRMED BY THE CUSTODIA
144 AGENCY OR THIER LONTRACTOR,
145 LABOR RATE ARE NMARKED UP 23BY FOR CONTRACTOR OVERHEAD &
145
147 LABOR
148 RAD TECH
149 2 men @ 18 days/yr @ $28/hr $786, 000
158 MAINTENANCE
)| 2 men # 4 days/yr & $15/hr - $236, 408
152 TOTAL LABOR £ODST $1,024,408
133
154 WICS. EQUIPHENT $126,088  $125,RB8
155 4 days/yr & $195/day PLUS $582 aob/demcb
156
157 ENVIR., WONITORING per yr  $/yrs
158 GROUNDWAT @4 $560 $94, 560
159 VEBETATIO @b $984 $96,924
168 50IL &7 $982 $96,539 -
161 TIL¥s L)Y $85 8, 349
162 AIR 4 $129 $12, 787
143 CONSUMAELES & $208/yr $49, 250
164 TOTAL ENVIR. MDN. CO57 $358,339
145 :
166 FERCE REFLACEMENT (3 years 25 & 70) $206,456 $215,456
167 <oBB LF & $1B8.64/replacenent

- 168
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169 MICS. MATERIALS $78,500 498,508
178

171 CONTINBGENCIES

172 ANNUAL BASE DF ¥5,88@/yr $492,589

173 4 YEAR 1B $130, 0800 $158, Do

174 # YEAR 58 $208, 0B3 $250, 008

175 4 YEAR tde $508,080 $500, 800

176 TOTAL CONTINSBENCIES COST $1,3%2,509
177

178 STATE ADMINISTRATIVE PERSONNEL

79 RAD HEALTH SUPERVISOR DURING CLOSURE# 4,798

180 & STABILIZATION PERIOL 2 wks/yr i

181 B7 hrs/yr @ $48,888/yr

182 CLERECAL DURING CLBSURE $61,799

183 & STABILTIATION PERIOD 2 wks/yr

184 B7 hrsfyr & $15,B00/yr

185 ADMINISTRATIVE AID DURING CLOSURE 285,998

18b & STABILIZATION PERIOD 2 mks/yr

187 B2 hrs/yr & $50,088/yr

188 subtotal $432, 595

189 LOH & 682 $259,557

190 TOTAL LABDR COST $592, 152
191

132 OFFICE SUPPIES $588/yr $49,250 49,258
193

194 TRAVEL

195 ASSUME 1 SITE VISIT/YR, 2 BAYS EACH :

96 408 MILES/TRIP & $8.25/MILE $14,775

197 PER DIEM @ $48/DAY $11,828

198 TOTAL TRAVEL COST $26,595
199

288 TOTAL POST-CLOSURE £BSTS $3,984,272
201 - - -—--

282 SUMMARY of CLDSURE, STABILIZATION & POST-CLOSURE COST
283

204 TOTAL ELOSURE & STABILIZATION COSTS  $B23,449
285 TOTAL POST-CLOSURE £05TS 43,984,272
286 TOTAL $4,807,941
287

ZBB ==========‘_‘====================:==::=============================
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Geohydrology of the Unsaturated Zone at the
Burial Site for Low-Level Radioactive Waste
Near Beatty, Nye County, Nevada

By Witliam D. Nichols

Abstract

Low-level radicactive solid waste has been buried in
trenches at a site near Beatty, Nev,, since 1962. In 1976, as
part of a national program, the U.8. Geological Survey began
a study of the geohydrology of the waste-burial site 10
provide a basis for estimating the potential for radionuclide
migration in the unsaturated zona beneath the waste-burial
trenches. Data collected include melecrologicat information
for calibration of a long-term water-budget analysis, soil-
moisture profies, soil-water potentials, and hydraulic proper-
ties of representative unsaturated sediment samples to a
depth of about 10 meters (m).

The waste-burial facility is in the northern Amargosa
Desert about 170 kilomelers (km) northwest of Las Vegas,
Nev. The ragion is arid, mean annual precipitation at Lathrop
Wells, 30 km south of the site, is only 7.4 centimeters {cm).
The mean daily maximum temperature at Lathrop Wells in
July, the hottest month, is 37 °C. The site is underlain by
poorly stratitied deposits of gravelly or silty sand and sandy
gravel, and thick beds of clayey sediments. The total thick-
ness of valley-fil deposits beneath the site is about 175 m;
the unsaturated zone is about 85 m thick. Volumetric soil
moisture to depths of 4 m ranges from 4 10 10 percert but
commonly is in the range of € to 8 percent. Soil-water
potantial, measured to depths of 310 10m, ranged from —10
io —70 bars. Unsaturated hydraulic conductivity computed
from laboratory analyses of representative samples ranges
from 10~*? to 10~ centimeters per day {em/d).

Evaporation studies over a 2-year (yr) period were used
to calibrate a numerical procedure for analyzing long-tarm
precipitation data and estimating annual water budgets dur-
ing the 15-yr period 1962-76. This analysis (1) demonstrated
{hat a potential exists for deep percolation (greater than 2m),
despite high annual evaporation demands, and {2) provided
predictions of the time of year and the antecedent conditions
that enhance the probability of deep percolation, Soil-
moisture proftes obtained monthly over an 18-month {mo)
period demonstrate. that deep percolation does occur. Soil-
moisture conditions antecedent to an observed deep-
parcolation event, and the time of year when the percolation
occurred, support the interpretations based on long-term
meteorological records.

Caleulation of downward moisture movemant through
the waste-trench backfil material, on the basis of simplified
assumptions, suggests that moisture could have pehetrated
as much as 6 m below land surface from 1963, when the
oldest trenches were ¢closed, to 1980, but that the moisture
requirement for such penetration far exceeded the amount of
moisture actually available. Steady-state downward move-
ment of molisture at depths greater than 10 m and beneath
the waste-burial trenches would be on the order of 4 cm per
1,000 yr, assuming a steady flux rate of 1%107® cmy/d.

INTRODUCTION

. The disposal of radioactive waste has been a prob-
lem for more than 30 years (yr). Disposal methods until
1062 included both land burial at federally operated
facilities and sea disposal by several privately owned
companies, Opposition to sea disposal led the Atomic
Energy Commission in the late 1950’s to designate several
land-disposal sites for burial of low-level radicactive solid
waste! generated by private industry. The first of these
commercially operated burial grounds opened near
Beatty, Nev,, in 1962, and by 1971 a total of six sites (four
east of the Mississippi River and two in the west) had
been licensed.

Earth containment (burial) has been and still is
considered the most viable method for disposing of radio-
active solid waste. In general, however, the acceptability of
any disposal method depends on its effectiveness in pre-
venting radioactivity from becoming a public hazard. The
effectiveness of burial as a disposal method thus depends
on the chemical and physical form of the waste, the waste

1 The term “low-leve) radioactive waste” has carried a changing
and imprecise definition over the years. Currently, it generally means
waste that does not fit the definition of high-level waste and in which
the concentration of transuric elements is less than 10 nanoCurie per
gram. It consists, in part, of miscetlaneous solid materials that have
been irrediated and contaminated through use as well as products of
reactors and fuel reprocessing plants.

Introduction 1




containers, the engineered containment mechanisms, the
character of surrounding earth materials, and the hydro-
logic and geologic environment. Although burial removes
the radioactive waste from the surface environment, it
subjects the waste to possible influences of water infiltra-
tion and movement, erosion, plant uptake, animal pene-
tration, and human activity. Probably the greatest threat to
burial-ground integrity is water infiltration and move-
ment, because radionuclides can migrate from the burial
location either by dissolution in soil water or ground water,
or through exposure by erosion and dissolution in surface
water.

On the basis of the recognized threat posed to
buried radioactive waste by water infiltration and move-
ment, it has been suggested that certain areas of the arid
west could provide locations where little or no water
would move into or out of buried waste and, thus,
maximum reliance could be placed on the natural system
to provide containment (National Research Council,
1976, p. 67). It also has been suggested that more Jatitude
in waste form might be possible and that reliance on
engineered containment could be minimal at these loca-
tions (Battelle Memorial Institute, 1976, p. 24.48).
Although these may be valid assumptions, insufficient
data were available to reasonably demonstrate the effec-
tiveness of geologic and hydrologic conditions in the arid
zone to isolate buried radionuclides from the environment
for the long period of time required for some of them to
decay to innocuous levels. ‘ ‘

Purpose and Scope

The U.S. Geological Survey in 1975 began a new
national program in the area of low-level-radioactive-
waste disposal. The general purpose of the program,
designed to be a 5-yr endeavor, was to develop geohydro-
logic guidelines that can be used to establish technical
criteria for selecting, evaluating, licensing, and operating
new waste-burial sites. The commercial burial facility for
low-level radioactive solid waste operated by U.S. Ecology,
Inc. (formerly Nuclear Engineering Company), near
Beatty, Nev,, was one of five sites to be studied. The study
at this site began in October 1976. The specific purpose
of the investigation at this waste-burial facility was to
determine, for current climatic conditions, the potential
for downward movement of soil water in the unsaturated
zone, thus providing a means for estimating the potential
for and rate of downward transport of radioactive solutes
or leachates. Additionally, actual movement of radio-
nuclides was to be determined, if possible, by obtaining
sediment samples from the zone directly beneath the
waste-burial trenches into which contaminants might
have migrated.

The investigation included the following activities:
1. Collection of meleorological data for site-specific

evaporation studies, to be used in turn to estimate

long-term relations between precipitation, evapora-
tion, and deep percolation on the basis of National

Weather Service data;

2. Monitoring of soil-moisture profiles for evidence of
deep percolation;

3. Monitoring of soil-water potential to determine the
magnitude of this potential at depth and the depth at
which transient soil-water changes are dampened
out;

4, Determination of unsaturated hydraulic conductivity
of representative soil samples in the laboratory; and

5. Estimalion of the rate and magnitude of deep soil-
water percolation.

Detailed plans were also developed to obtain sedi-
ment samples from beneath waste-burial trenches for
laboratory determination of radionuclide content and
calculation of migration rates after the waste-burial
trenches were closed. These plans were suspended indef-
initely after analysis of the data contained in this report
indicated that in the past 17 yr, infiltrating precipitation
has not percolated to the reported depth of the older
waste-burial trenches.

Location

The waste-burial facility is on the Amargosa Desert !
17 kilometers (km) southeast of Beatty and 169 km
northwest of Las Vegas in Nye County, Nev. (fig. 1). It lies
about 32 km east of Death Valley, Calif, in the northern
half of section 35, T. 13 S, R. 47 E,, Mount Diablo
baseline and meridian. The eastern border of the
radioactive-waste burial arca is about 900 meters (m)
west of U.S. Highway 95.

Geographic Setting

The Amargosa Desert in the area of the waste-
burial site is a northwest-trending valley about 13 km wide
(figs. 1, 2; pl. 1). It is bounded on the northeast by Bare
Mountain and on the southwest by the Grapevine Moun-
tains and the Funeral Mountains. The head of the valley,
about 19 km northwest of the waste-burial site, is formed
by the Bullfrog Hills. The desert extends from the Bull-
frog Hills about 80 km southeast to the Spring Mountains
and about 80 to 90 km south-southeast to the Greenwater
and Resting Spring Ranges. The altitude of the valley
floor decreases from about 1,100 m above sca level in the
northwest to nearly 600 m at the southeastern end near
Death Valley Junction. The waste-burial facility is 847 m
above sea level.
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The floor of the northern Amargosa Desert is a
sparscly vegetated, seemingly flat surface. Actually, it is
moderately dissected by abandoned or little used shallow
dry washes, all draining to the southeast. These washes
have Ied to the development of an irregular and gently
undulating surface that is not obvious when viewed from
ground level. The apparent flatness of the desert floor is
caused by the general accordance of the tops of low ridges
separating the shallow dry washes.

Immediately southeast of the waste-burial site, and
west of U.S. Highway 95, is a low southeast-trending ridge
that extends for a distance of about 3 km (fig. 2). The
northeast-facing slope of the ridge is steeper and more
deeply dissected by washes and rills than the southwest-
facing slope, which gradually descends westward to the
general Jevel of the desert floor within a distance of about
0.8 km from the ridge crest. Part of the northeast-facing
stope has been destroyed or modified by construction of
U.S. Highway 95 and by a secondary drainage system of
unknown age that may have developed in historical times
because of the presence of either the highway or the
railroad that occupied the same position before the high-
way was constructed. Erosional remnants northeast of
both the highway and the secondary drainage channels
indicate that the northeast-facing slope descended to the
level of the alluvial fans bounding Bare Mountain over a
distance of about 0.4 km from the present ridge crest
(figs. 2, 3). Detailed examination of this anomalous
feature strongly suggests that it is an erosional remnant of
an older depositional surface that is being supported by a
locally developed caliche layer about 1 m below the
surface of the ridge crest.

Previous Work and Acknowledgments

The only previous report dealing specifically with
the waste-burial site is a report prepared by the U.S.
Geological Survey (Clebsch, 1962) at the request of the
Atomic Energy Commission at the time the facility was
being established. Geologic investigations of a general
nature in the northern Amargosa Desert include studies
by Cornwall and Kleinhampl (1961, 1964), Cornwall
(1972), and Byers and others (1976a, 1976b). A study of
the hydrogeologic framework of the south-central Great
Basin by Winograd and Thordarson (1975) marginally
includes the area of the waste-burial facility. Walker and
Eakin (1963) discuss the geology and ground water of the
Amargosa Desert, but most of the data are for the
southern part of the desert,

The author received the cooperation and assistance
of many people and organizations during the course of
the study. The cooperation of the Bureau of Consumer
Health Protection Services, Nevada State Health Division,
whose inspectors control activities at the waste-burial

facility, was appreciated. The cooperation of U.S. Ecology,
Inc., operators of the facility, is gratefully acknowledged.
The author wishes to specifically thank William Jones and
Steven Carpenter, site managers, and the other members
of the work crew at the waste-burial site for their assis-
tance and cooperation during the study.

Many other individuals helped at various stages of
the investigation, and without their assistance the project
would not have been completed. Mr. and Mrs. John Lisle
and Patricia Thayer, of Beatty, sérved as observers for the
meteorological instrument station at the study site and
diligently serviced the equipment every other day. Donald
H. Schaefer, U.S. Geological Survey, supervised installa-
tion of the instrument shaft and ncutron probe access
tubes. Other U.S. Geological Survey personnel, including
Douglas K. Maurer, R. Nyle Pennington, Susan J. Math-
ews, and David B. Wood, provided ficld assistance during
the course of the study; Robin G. Brown assisted full
time during the last 15 mo of the study and largely
managed and controlled the acquisition, processing, cor-
rection, and publication of the meteorological and related
data collected for the investigation; Alex M. Sturrock, Jr.,
provided invaluable assistance and guidance on the col-
lection and interpretation of meteorological data for
evaporation calculations; both he and Henry M. Moore
also provided equipment and field repair expertise when
required; John B. Robertson provided timely and much
needed support during the latter stages of the study;
technical assistance on unsaturated zone hydrology was
provided by E.P. Weeks, C.D. Ripple, Jacob Rubin, and
E.G. Lappala; and, finally, Emily L. Mathews, student
aide, digitized about 21 mo of multichannel daily meteo-
rological data on analog charts comprising more than
17,000 data values per day; her persistence and persever-
ance are gratefully acknowledged.

GEOLOGIC SETTING
Consoclidated Rocks

The Amargosa Desert is bounded, in large part, by
mountain ranges composed of lower Paleozoic carbonate
and clastic sedimentary and metasedimentary rocks
(pl. 1). The valley floor is presumably underlain at depth
by rocks of these same types. Rocks of Precambrian and
Cambrian age crop out in part of the Funeral Mountains
along the western side of the valley (Chapman and others,
1973; Streitz and Stinson, 1974). The Bullfrog Hills at the
north end of the valley and the Grapevine Mountains on
the northwest are composed mostly of Tertiary sedimen-
tary and volcanic rocks but include small outcrops of
Precambrian schist and gneiss (Cornwall and Kleinhampl,
1964). Tertiary volcanic rocks also are present in several
of the ridges between the southern end of Bare Mountain
and Lathrop Wells on the cast side of the valley.
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EXPLANATION

Restricted radioactive-waste
buria! area, 1980

Restricted radioactive-waste
buria! area before 1980

. Borings 1-7, table 10, located
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+ Test boring, table 10
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Figure 15. Detail of waste-burial site,
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Figure 2. Aerial photograph of part of the northern Amargosa Desert, showing Bare Mountain (right), dry channel of
the Amargosa River (light band from top left to bottom center), Amargosa Narrows (top left), and waste-burial site
{light area to right of center near bottorn). (Photograph taken June €, 1976.)
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The geologic structure of the region surrounding
the Amargosa Desert is complex. The major structural
features include large-scale normal and thrust faults,
Many of the surrounding mountain ranges are bounded
by normal faults producing the typical Basin and Range
structure shown by the topography of the area. Within the
surrounding ranges the rocks are folded and for the most
part intensely faulted by small-scale thrust, tear, normal,
and strike-slip faults. Superimposed on this highly com-
plex pattern of folding and faulting are several shear
zones, including the Las Vegas Valley shear zone which
extends northwestward to Mercury, Nev, just southeast of
the Amargosa Desert, and shear zones in Death Valley
and the Amargosa Desert (Winograd and Thordarson,
1975).

More detailed discussion of the geology in the area
of the northern Amargosa Desert can be found in reports
by Cornwall (1972) and Byers and others (1976b).

Unconsolidated Deposits

The Amargosa Desert is underlain by unconsoli-

dated to weakly indurated deposits of Tertiary and Qua-
ternary age. These include alluvial-fan deposits, fluvial
deposits of sand and gravel, and freshwater or brackish-
water playa deposits. Fluvial sediments, playa deposits,
and dune sand of Pleistocene and Holocene age are
present Jocally. The unconsolidated sediments are at least
170 m thick in the northern part of the desert, more than

- 295 m thick farther south near Lathrop Wells, and 240 m
thick in the vicinity of Death Valley Junction (Walker and
Eakin, 1963).

Stratigraphy

The best information available on the subsurface
stratigraphy of the valley-fill deposits beneath the waste-
burial site is a driller’s log and sample descriptions for a
well drilled at the site. The log and sample descriptions
from a report by V.P. Gianella (consulting geologist,
written commun., 1961) are given in tables 16 and 17 at
the end of this report. The log and descriptions indicate
that the materials penetrated by the well are, for the most
part, a poorly sorted mixture. of bouiders, gravel, sand,
silt, and clay. The driller's log (table 16), which is sum-
marized in figure 4, is not entirely in agreement with the
geologist’s sample descriptions (table 17). Some of the
unit boundaries are taken from the driller’s log and are
not noted or otherwise indicated on the geologist’s log.

Generally, the sediments penetrated by the well can
be divided into thick sequences of poorly sorted coarse-
grained and fine-grained materials, probably representing
fanglomerate and debris flows, interbedded with
sequences of clay and clay with gravel. There also are
several intervals of clayey limestone or calcareous clay.

FLUVIAL GRAVEL WITH
BOULDERS AND SAND

FANGLOMERATE AND
DEBRIS-FLOW DEPOSITS

T

CLAY WITH GRAVEL

FANGLOMERATE AND
DEBRIS-FLOW DEPOSITS

CLAY

100—

BOULDERS i
CALCAREOUS CLAY AND LIMESTONE (7} :

CLAY WITH GRAVEL i

CLAYEY LIMESTONE {?) i

DEPTH BELOW LAND SURFACE, IN METERS

FANGLOMERATE AND

150 DEBRIS-FLOW DEPOSITS
—

173 ]
BEDROCK (7} i

Figure 4. Summary log of U.S. Ecology, Inc., well at
waste-burial site. ’

Descriptions of the samples collected from the well
(table 17) strongly suggest that deposition of clastic
sediments in this part of the valley has long been influ-
enced principally by down-valley surface-water movement
rather than by lateral infilling by extension of the bound-
ing alluvial fans. Sample descriptions of material to a
depth of 30 m suggest that the sediments are largely

8  Gechydrology at the Burial Site for Radlcactive Wasts, Nye County, Nev.




fluvial deposits associated with the Amargosa River.
Below 30 m, lake- and debris-flow deposits predominate
and wolcanic gravel is less pervasive. Quartzite and schist
are referred to more frequently in this part of the log,
suggesting preater influence of lateral infilling by the
building of alluvial fans. Nevertheless, the dominance of
gravel derived from volcanic rocks throughout the section
indicates that the most likely source of inflow to the valley
was somewhere along the northern boundary of the desert
or farther upstream in the upper reaches of the
Amargosa River or its ancestral drainage.

Surface drainage appears to have ponded several
times in the northern Amargosa Desert. The intervals of
clay or clay and gravel are too thick to represent debris
flows. Additionally, the clay and gravel at 49 m underlie a
large part of the northern end of the desert (see below).
The sequences of calcareous clay and limestone also
represent a lacustrine depositional environment.

The arcal extent of the fine-grained deposits shown
in figure 4 has not been determined by test drilling, The
thickness of clay and pravelly clay intervals on the driller’s
log supgests that these units may be traceable over a
considerable area. A reconnaissance seismic reflection
survey was made over part of the northern Amargosa
Desert to determine the areal distribution of the clay and
gravel bed in the interval 49 to 62 m. The results of the
survey are shown in figure 5. The thickness of a deeper
clay bed (80 to 99 m below land surface) suggests that it
too may be an areally extensive deposit and of more than
local significance. The calcareous clay or clayey lime-
stone(?)} (mari?) at 103 and 117 m may also be areally
extensive and may represent deposition in freshwater or
brackish-water lakes.

Thickness

. The well drilled at the waste-burial site may have
penetrated bedrock at about 173 m, so the unconsolidated
deposits are at least that thick. A reconnaissance gravity
survey made during this study, together with gravity data
given by Healey and Miller (1962, 1965), provide some
indirect information on possible thickness of the valley fill
in the northern part of the Amargosa Desert. A gravity
anomaly map (fig. 6) based on all available data suggests
that bedrock is relatively shallow under the waste-burial
site and for some distance northwest and southeast of the
site. Two profiles across the Amargosa Desert, one near
the burial site and one about 6.4 km northwest {fig. 7),
were drawn to show the thickness of valley fill on the basis
of the gravity data. A maximum thickness of about 600 m
is suggested for the deeper parts of the basin, The
interpretation of the relatively shallow depth to bedrock at
the burial site on the basis of gravity data is supported
partly by the well log discussed above and partly by the
presence of a small bedrock knoll 1.6 km ecast-southeast
of the waste-burial site and just west of U.S. Highway 95.

This knoll is about 2.5 km west of the nearest outcrop on
Bare Mountain. Several other bedrock knoils are present,
about § km southeast of the waste-burial site and west of
the highway. These outcrops are also within the arca of
the interpreted bedrock high.

Structure

The alluvial fans along the west side of the north
end of Bare Mountain have been cut by faulting (fig. 2,
pl. 1), probably during the late Quaternary. The fault,
which is a sinuous to arcuate normal fault, can be traced
from near the south boundary of Beatty through the Amar-
gosa Narrows and southward for about 9.5 km. It lies to
the east of and parallel to U.S. Highway 95 (fig. 2). The
greatest offset seems to be at a point about 1.7 km south
of the narrows, where the fault-scarp height is about
22 m.

Recent studies suggest that movement along the

~ fault is older than 10,000 yr but younger than 50,000 yr

(WJ. Carr, U.S. Geological Survey, oral commun., 1980).
The fault scarp cuts alluvial-fan deposits that are consid-
ered to be 50,000 yr old and in places does not cut, or is
covered by, alluvial-fan deposits that are considered to be
not more than about 10,000 yr old. Additional studies,
using the approximate relationship between fanlt-scarp
slope angle and scarp age as developed by Wallace (1977),
produced conflicting results (AJ. Gordon, consultant,
written commun., 1980). At one location, the slope angle
is consistent with an approximate age of 10,000 yr; at
several other locations, the slope angle suggests an age of
about 5,000 yr. The younger age is not consistent with the
local Quaternary geology and may be the result of caliche
layers retaining the slope at a steep enough angle to imply
an erroneously young age.

Nowhere does the fault exhibit composite or multi-
ple scarps, This suggests that movement occurred as a
single event, or as a series of smaller events over a
geologically short time. Composite or multiple scarps, in
contrast, would suggest mean recurrence intervals of

movement on individual faults on the order of thousands

of years (Wallace, 1977).

The fault probably extends along the entire south-
west side of Bare Mountain and is probably the main
bounding fault for the mountain block. About 1 km east
of the waste-burial site, some type of tectonic disruptiqn
of the unconsolidated sediments is suggested by inter-
rupted, but not offset, older erosional surfaces, truncated
depositional surfaces, and disarranged minor drainages.
However, little to no surface evidence of vertica! move-
ment exists, except for the bedrock knob about 1.6 km
east-southeast of the waste-burial site,

This bedrock knob lies west of the southeastward
extension of the fault trace projected from its last surface
expression about 8 km to the northwest. At this point the
bedrock exposure is immediately west of U.S Highway 95,

Geologlc Setting 9
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Figure 5. Approximate altitude of top of uppermost clay layer, northern Amargosa Desert.
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and the projected fault trace would be about 300 m east of
the highway. This implies a relative movement on the fault
in this area opposite to that at the north end of Bare
Mountain, where the downdropped area is to the west.
Faulting along this segment of Bare Mountain probably is
more complicated than farther north and requires more
detailed field studies.

HYDROLOGIC SETTING

The waste-burial site is located in the drainage
basin of the Amargosa River, which is part of the Death
Valley hydrographic area, The terminus of the dry chan-
nel of the Amargosa River is at the southern end of Death
Valley, but no flow has been observed along that part of
the river in historic times. The ground-water system
beneath the site probably flows toward Ash Meadows, to

the southeast, but may also flow toward the south and.

southwest beneath the Funeral Mountains and into Death
Valley. Ground water in the Ash Meadows area also
eventually discharges toward Death Valley. Thus, both the
surface-water and ground-water systems beneath the
waste-burial site cventually terminate in Death Valley.

Surface-Water Runoff

Precipitation is sparse.in the area, averaging less
than 10 cm a year, but surface runoff is even more rare.
No perennial streams exist within about 16 km of the
waste-burial facility. The dry bed of the Amargosa River
is the principal drainage channel. Perennial flow in this
channel is maintained by springs in the upper reaches of
the Amargosa River north of Beatty, and the flow usually
has disappeared bencath the surface within about 3 km
downstream from Beatty, The dry channel of the
Amargosa passes about 3 km west of the waste-burial
site.

No records or obscrvations of flow in the Amargosa
River at the latitude of the waste-burial site are available.
Records of flow about 3 km south of Beatty since 1964
are available and are summarized in table 1. Commonly,
these flows last for only a few days following a major
storm over the drainage basin upstream from the gaging
station; there is no flow most of the year. Most measure-
ments on the Amargosa River south of Beatty record
peak flow from a crest-stage gage or from slope-area
measurements. Several of the events recorded at this gage
probably produced sufficient discharge for surface flow
to have reached as far south as the latitude of the
waste-burial site, a distance of about 14 km along the river
channel from the gage south of Beatty. On March 1, 1978,
a flow of about 18 cubic meters per second (m*/s) was
recorded at the gage south of Beatty. On the same day, flow
was also observed by the author about 8 km south of the

Table 1. Annual maximum discharge at U.S. Geological
Survey gaging station on Amargosa River south of Beatty,
calendar years 1964-79°

Date Discharge (m3/s)

July 26, 1964 ~0.71
September 7, 1965 ~.57
1966 - No flow
August 30, 1967 120
February 10, 1968 2.6
February 24, 1969 453
August 15, 1970 ~.002
1971 Ro flow
1972 No flow
Pebruary 11, 1973 .51
1974 No flow
September 10, 1975 12
February 1976 ~2.8
. June 1977 ~.05
March 1, 1978 ~18
1979 No flow

4 No flow during mast or all of each_year.

gage, at a road crossing in the SW¥% of sec. 18, T. 13 §,,
R. 47 E,; the estimated flow there was in the range of
1-3 m’/s. The southern extent of this flow was not
determined, but it may have continued the additional 6 km
required to reach the latitude of the waste-burial site. Two
previous events recorded at the gage near Beatty probably
provided flow opposite the waste-burial site: On August
30, 1967, a discharge of about 120 m*/s was determined
from slope-area measurements at the gage, and on
February 24, 1969, a discharge of about 450 m?/s was
determined, also from slope-arca measurements.

Secondary drainage features that may be of some
significance are two dry streambeds that trend roughly
parallel to U.S. Highway 95 (figs. 2, 3). Both drainages
split from the main channel of the Amargosa about 4 km
south of the Amargosa Narrows, One dry channel trends
south-southeast and passes about 0.6 km west of the
waste-burial site between the waste-burial site and the
main channel of the Amargosa. It rejoins the main
channel of the Amargosa about 6 km south of the site.
The other dry channel trends southeast along the east side
of the highway, passes about 1 km east of the waste-burial
site, and has several small tributary channels that appear
to drain the southwest slope of Bare Mountain. This
channel largely disappears on the desert floor about 13
km southeast of the site. Both channels are probably
overflow bypass channels developed during a high dis-
charge event of the Amargosa River.

Hydrologle Setting 11
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Table 2. WaterJevel data for wells in vicinity of waste-burial site

Altitude of

Depth to water

Site land surface Well
number {meters above depth
(rl. 1) Rame sea level) <{metera) Meters Date
1 Nuclear Eng. Co.8 850 175 85.9 7-12-62
2 W. Dale® 195 147 77.1 7-12-62
3 Rose's Stationb 775 - 63.4 1905

a From Walker and Eakin, 1963.
b From Ball, 1907.

On aerial photographs, minor local surface-
drainage channels appear to pass through the area occu-
pied by the waste-burial site. However, no surface runoff
was observed or reported during the course of the study.

Unsaturated Zone

The unsaturated zone is of special significance in
this study because it is through this zone that any
radionuclides leached from the waste-burial trenches must
pass before reaching the saturated zone; only then can the
radionuclides be transported elsewhere (unless they are
exhumed by erosion). The unsaturated zone in this part of
the Amargosa Desert is at lcast 60 m thick and locally is
nearly 90 m thick.

The soil-moisture content and soil-water potential
of the unsaturated zone are not generally known. Data
collected during this study at the waste-burial site suggest
moisture contents of 4 to 10 percent by volume in the
upper 6 m, except during the winter months when the
moisture content of the top 0.5 to 1 m may be as high as
15 to 18 percent following a heavy rain. Studies of similar
alluvial material at Jackass Flats, 32 km east of the
waste-burial site, indicated moisture contents of 5 to 8
percent by volume (Clebsch, 1962}. Infiltration experi-
ments at Jackass Flats suggested that downward move-
ment of soil moisture below the top 0.5 m did not occur
until the soil attained about 50 percent saturation; this
requires a volumetric soil-moisture content of between 15
and 20 percent.

The magnitude and range of soil-widter potential is
even less well known. Some measurements were made at
the waste-burial site during the course of this study and
are discussed in detail later in this report. Measured
potentials ranged from a few millibars negative pressure
in the near-surface sediments following rainfall events to
several bars negative pressure in the same sediments
during the dry summer months. At depths of 3 to 10 m,
soil-water potential is in the range of 20 to 60 bars

negative pressure. These values are consistent with labo-
ratory soil-water potentials determined for these types of
sediments and the observed moisture-content range
(Mehuys and others, 1975).

Ground-Water System

Few wells have been drilled in the northern
Amargosa Desert, and, consequently, the occurrence of
gronnd water in the area is poorly known. Based on
studies at the Nevada Test Site and in the southern
Amargosa Desert, two major aquifers probably underlie
the area: a valley-fill aquifer and an aquifer in the
underlying Paleozoic bedrock, which together constitute
the ground-water system. Three wells, located in Tps, 13
and 14 S, R.. 47 E., Mount Diablo baseline and meridian,
are the only sources of subsurface data northwest of
Lathrop Wells. These wells are listed in table 2 and shown
on plate 1.

Knowledge of the ground-water system beneath the
waste-burial site is based almost solely on the information
obtained from the drilling and testing of a well at the
waste-burial site in 1961, The data obtained from this well -
suggest the presence of a principal water-bearing zone in
the valley-fill deposits in the depth interval 99 to 103 m
below land surface (fig. 4). Another, less productive zone
exists from 132 to 173 m. This zone may be in hydraulic
continuity with the water-bearing bedrock aquifer that is
presumed to underlie the valley fill.

The deepest aquifers beneath the study area are
those in the bedrock underlying the valley fill, No data are
available for these aquifers beneath this part of the
Amargosa Desert, Considerable information on the bed-
rock aquifers has been developed for large arcas east and
southeast of the disposal site, including the southern
Amargosa Desert (Winograd and Thordarson, 1975).
The most widespread bedrock aquifer is in the Cambrian
to Devonian carbonate-rock sequence, which is presumed
to underlie the study area because of its presence in Bare
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Mountain. Less widespread and occasionally of only local
significance are aquifers in Tertiary welded and bedded
1uffs, several of which may underlie the valley fill of the
northern Amargosa Desert. Water in these aquifers
moves primarily through fractures and, in the carbonate-
rock aquifer, through solution openings. Recharge to
these aquifers probably is supplied by underflow from
outside the Amargosa drainage basin. The source area of
this recharge is not known.

The deepest aquifer in the valley fill, extending from
132 to 173 m below land surface, is assumed to immedi-
ately overlie the bedrock aquifer. The well drilled at the
waste-burial site was originally perforated only in the
interval from 138 to 173 m, The water level was 93 m
below land surface; this is 39 m above the presumed top
of the aquifer, suggesting confined conditions for the
aquifer in this area.

The upper aquifer in the valiey fill between 99 and
103 m also may be confined and is directly beneath the
well-defined confining layer that extends from 62 to 99 m
below land surface (fig. 4). Following a brief test of the
deepest valley-fill aquifer, the well casing was slotted from
91 to 136 m depth so that it is now open to the entire
interval from 91 to 173 m. The water level in the well rose
to 86 m below land surface, which is 13 m above the
presumed top of the upper aquifer. This represents a
composite head for the whole thickness of valley-fill
aquifers beneath the waste-burial site and indicates that
the head in the upper aquifer is higher than that in the
lower one,

Plate 1 shows the generalized configuration of the
potentiometric surface for valley fill beneath the northern
and central Amargosa Desert. The contours, slightly
modified from those of Walker and Eakin (1963, pl. 3),
are based on the assumption that ground-water flow
beneath the northern part of the desert is to the south-
east—that is, downvalley toward the Ash Meadows area.
A similar interpretation was made by Winograd and
Thordarson (1975, pl. 1). The basic assumption of
downvalley flow is, however, nol necessarily correct. The
Yocation of the three wells (pl. 1, wells 1, 2, and 3) used as
altitude control for water-level contours in the northern
part of the desert is such that the wells do not really define
the direction of the gradient. It is possiblc that the
gradient is toward the south or even the southwest.

The present interpretation of the direction of
ground-water flow implies a recharge area o the north
and northwest, perhaps the Sarcobatus Flat-Pahute Mesa
area (see pl. 1). Some water in the valley-fill aquifer
discharges to Alkali Flat, near Death Valley Junction; the
rest may enter the carbonate-rock aquifer and eventually
discharge to Death Valley, possibly along the Furnace
Creck fault zone bounding the Funeral Mountains on the
west. Hunt and others (1966) noted the similarity in
chemical composition between ground water in the Ash

Meadows area and spring discharge along the northeast
side of Death Valley.

CUMATE

Radioactive waste is buried at the facility near
Beatty at depths of 6 to 15 m in an unsaturated zone that
is about 85 m thick. A number of geologic and hydrologic
processes that govern and affect the movement of water
into and through this zone must be recognized and
anderstood if we are to understand the potential for
radionuclide migration beneath the site. Among these are
the hydrologic processes controlled by the climate in the
area of the waste-burial site.

The climatic factors of rainfall, temperature, solar
radiation, and evaporation interact under bare-soil condi-
tions, such as those that exist at the waste-burial site, in a
complex manner with the geohydrologic factors of soil
moisture, soil-water potential, and unsaturated hydraulic
conductivity to determine the amount and movement rale
of water percolating through the unsaturated zone. The
only water that might come in contact with, Jeach, and
transport radionuclides from the buried waste is- that
derived from precipitation falling directly on the backfill
in the waste-burial trenches. The amount of water that
infiltrates and percolates downward, and the depth and
rate at which it moves, depend largely on the amount and
intensity of precipitation, evaporation demand, and pre-
existing soil-moisture conditions. To clarify the hydrologic
processes in the shallow unsaturated zone at the waste-
burial site, each of the controlling paramelers is examined
in considerable detail. The following discussion defines
the areal climatic factors of precipitation, temperature,
and evaporation, which in turn characterize recharge-
inducing rainfall events and set an upper limit on the
potential recharge from local sources. Transpiration
demands are not considered in the following analysis and
discussion of significant precipitation because the waste-
burial site is kept cleared of vegetation; only the evapora-
tion losses from bare soil are applicable. If plant-growth
requirements are added to bare-soil evaporation, deep
percolation of precipitation would be doubtful. Site-
specific conditions of soil moisture and soil-water poten-
tial are discussed in a later section of this report.

Precipitation

The waste-burial site is situated in one of the most
arid parts of the United States. Mean annual precipitation
in the area varies from 11.4 centimeters (cmn) at Beatty
(altitude, 1,005 m), 17.4 km north of the site, 1o 7.4 cm at
Lathrop Wells (altitude, 817 m), 30 km southeast of
the site.

Climate 15




ANNUAL PRECIPITATION, IN CENTIMETERS
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Figure 8. Annual precipitation at Beatty, 1949-79.

Annual precipitation varies considerably from one

year to the next. During the time period 1949-79 at
Beatty (fig. 8), it ranged from 1.8 cm in 1953 to 26.3 cm
in 1978. During the same time period at Lathrop Wells,
_recorded annual precipitation (the record is discontinu-
ous) ranged from 2.4 cm in 1962 to 13.4 cm in 1957,

Precipitation can occur during all months of the
year, but the amount varies considerably with season;
most falls during the winter months. Mean monthly
precipitation at Beatty and Lathrop Wells during the
period 1949-79 is shown in figure 9, Winter precipitation
originates from the west and is commonly associated with
" transitory low-pressure systems that usually cover large
areas. It is almost always in the form of rain. Snow is
uncommon at Beatty and rare on the Amargosa Desert,
and it persists on the ground for no more than a few
hours. Summer rainfall occurs predominantly during
convective storms that may yield intense rainfall over
small areas. On several occasions during late August or in
September, tropical storms have come inland from the
Pacific Ocean, crossing the California coast between San
Diego and Los Angeles, and moved northeast across
southern Nevada. Such a storm in Angust 1977 produced
nearly 5 cm of rain in 24 hours (hr) at Beatty.

More important than total or mean annual rainfall
as a source of potential recharge to the unsaturated zone
is the magnitude, intensity, and timing of a single precip-
itation event. For a given precipitation event to have
potential recharge significance, it must exceed evaporative
demands during the following days and also be able to

1965 1970 1875
CALENDAR YEAR

satisfy and exceed the existing soil-moisture deficit. Pre-
cipitation events during summer months, when evapora-
tive demands are high and surface soils are extremely dry,
are unlikely to result in recharge. Alternatively, precipi-
tation may occur when evaporative demands are low, such
as during the cool winter months, and when the soil-
moisture deficit is small, as would be the case following a
series of closely spaced rainfall events. Precipitation inten-
sity is also a factor influencing infiltration. High-intensity
rainfall commonly results in less infiltration and more

-runoff. Rainfall intensity is not considered in this analysis

because (1) the necessary data were not available, and (2)
winter storms, which are of greatest importance to deep
percolation, are generally of low intensity (but long dura-
tion) compared with high-intensity summer convective-
storm precipitation.

An analysis of single-rainfall-event magnitude and
frequency has been made using data from the National
Weather Service stations at Beatty and Lathrop Wells.
Conditions at Lathrop Wells are more like those at the
waste-burial site because of similarities in topographic
setting and altitude, but the precipitation record there is
shorter and much Jess complete than the record at Beatty.
The major undesirable feature of the Beatty weather-
station site with respect to the waste-burial site is the
difference in altitude—1,005 m at Beatty versus 847 m at
the waste-burial site, Nevertheless, most of this analysis
relies on the more complete record from the station at
Beatty; data from the station at Lathrop Wells is compared
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MONTHLY PRECIPITATION, IN CENTIMETERS

MONTH

Figure 9. Mean monthly precipitation at Beatty and Lathrop Wells, 1949-79. Data for Lathrop Wells are

based on incomplete record.

and contrasted with that from Beatty for those years for
which the record is complete.

Analysis of the frequency and magnitude of individ-
ual precipitation events in southern Nevada is complicated
by a number of factors. Studies by Weedfall (1963) and
Quiring (1965) demonstrated that precipitation in the
region is a function of both altitude and longitude. The
weather station at Beatty was 158 m higher in altitude
than the waste-disposal site during the period 1948-72.In
1972, the station was moved o a new location that is 234
m higher than the previous location. The station at
Lathrop Wells is 190 m lower in altitude than the waste-
burial site. Much of the record at Lathrop Wells for the
period 1949-77 is missing, thereby complicating any
analysis dealing with number of events. Years with partial
record are not included in the following analysis; thus,only

16 yr of complete record could be compared with the data

from the Beatty station.

The number of precipitation events in different
magnitude categories is given in table 3 for Beatty and in
table 4 for Lathrop Wells. The amount of rainfall
recorded during a 24-hr period is considered to represent
a discrete rainfall event, which is not strictly correct
because a given storm may span more than 1 day. The
potential effect of this approach to defining rainfall events
would be to reduce the number of large rains and increase
the number of smaller rains. Examination of the dates and
magnitudes of daily precipitation, however, suggests that
this approach has not significantly affected the analysis.

Daily precipitation at Beatty producing 2.5 cm or
less accounted for 98 percent of the total number of daily
events recorded from 1949 to 1979. Daily precipitation of
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Table 3. Classification of 24-hr precipitation data at Beatty, 1949-79, by magnitude of

event
[cm, ceatimeters]

Numbar of events In each class

Total Cumylutiva
precipi~ precipi~ Classa 1 Class 2 Class 3 Class % Class 3

Calendar tation tation (0.01 to (0.61 to {1.26 to (2.51 to (1.76 to
year {cm) (cm) 0.60 ca) 1.25¢m)} 2.50 cw)} 3,75 c¢m) 5.0 cm)
1949 13.79 13.79 a2 1 2 1 0.
1950 6.04 19.83 9 3 1 0 [+
1951 6.60 26,43 18 5 [+ 0 0
1952 1.23 47,68 21 13 1 1 0
1933 1.75 49,41 13 0 0 Q 0
1954 16.36 65.77 16 0o [ ] o 1
1953 10.95 76,72 16 ] 2 0 0
1956 4,25 80.96 8 0 1 0 [+
1957 15.01 95.97 i35 [} k| 0 [+]
1958 10.74 106.71 18 & 2 Q 0
1959 3.61 115.32 9 &4 2 0 0o
1960 13.00 128.32 11 7 0 1 0
1961 8.36 136,68 12 4 1 0 0
1962 6.78 143,46 18 2 1 0 0
1963 12.70 156.16 13 3 4 0 0
1964 3.36 161,52 17 2 0 0 0
1965 18,62 180.14 25 4 b ] ] Q
1956 8.18 188,12 14 1 2 0 0
1967 12.39 200.71 17 3 2 0 0
1968 11.30 212.01 ] & 2 0 1
1969 16.39 228,60 10 5 4 1 o
1970 7.62 236,22 Y 3 0 1 0
1971 2.03 241,25 1 1 4 0 0
1972 5.18 266.43 3 0 1 1 0
1973 17.07 263.50 30 9 2 0 0
1974 14.73 278.23 20 4 kI 0 0
1975 12,29 290,52 28 1 0 g 1
1976 19.86 310.38 14 ] H 2 0
1977 16.36 326.7% 16 4 ] 1 1
1978 26.34 353.08 n ] 7 0 0
1979 11.96 365.04 h 1 & 2 0 0

Tocal 365.04 - 5 125 61 9 4

Percentage

of total

avants - - 1.9 17.7 8.6 1.3 0.5%

Average

annual 11.77 - 16 4 2 <1 <l

0.6 cm or less is by far the most common size of event,
accounting for nearly 72 percent of the total. The poten- -
tially significant storms (from a recharge standpoint) that
produced more than 2.5 cm accounted for about 2
percent of the events during the period of analysis—only
13 events in 31 years, Of those, nine produced rainfall of
2.51 to 3.75 cm and four produced rainfall of 3.76 to 5.0
cm. Interestingly, 5 of the 13 major precipitation events
occurred after the station was moved in 1972. Table 5
gives the date and magnitude of each of the major events.
A noticeable increase in precipitation was recorded
at the Beatty weather station following 1972 when the

18

station was moved to a Jocation 76 m higher than the
previous site. The increase in both cumulative precipita-
tion and cumulative number of events of 0.6 ¢m or less
after 1972 is shown in figures 10 and 11. The probable
effect of moving the station to a higher altitude is sug-
gested by the data shown on both graphs,

The seasonal distribution of deily precipitation
events of several different magnitudes that are less than or
equal to 2.5 cm at Beatty is shown in figures 12 and 13.
These storms typically account for 70 to 90 percent of the
annual rainfall. Exceptions to this arise when a large
storm occurs during a year of low annual rainfall such as

Geohydrology at the Buriaf Site for Radioactive Waste, Nye County, Nev.
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Figure 10. Cumulative precipitation at Beatty, 1949-79.
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Figure 11. Cumulative number of precipitation events of 0.6 cm or less at Beatty, 1949-79.
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Figure 12. Monthly distribution of precipitation events of 0.6 cm or less at Beatty and Lathrop Wells, 1949-76.
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Table 4. Classification of 24-hr precipitation data at Lathrop Waells, 1948-77, by

magnitude of event
{em, centimeters]

Nuaber of eventw in each class .

Total Cumulative
precipi- precipi- Clasa 1 Class 2 Clasa J Class & Class §

Calendar tation tation €0.01 to (0.61 to (1,26 co  (2.51 to (3.76 to
yearl  (em} (cm) 0.60 c») 1.25 cm} 2,50 c@) 3.75¢cm) 5.0 ¢m)
1949 11.99 11.99 4 5 1 H 0
1930 1.40 15.3¢9 1 0 2 Q0 o
1951 2.79% 18.18 & 1 1 0 0
1954 11.61 29.19 8 3 2 1 [
1955 6.78 36.57 & & 1 0 1]
1956 3.03 39.62 & 2 Q 0 0
1957 13.2% 53,01 ] 5 &4 0 0
1958 11.43 64,584 12 ] 1 1) 0
1962 2.44 66.88 ] 0 1 0 o
1971 3.58 70.46 9 2 1) 0 0
1972 7.95 78.41 15 2 0 1 0
1973 11.10 89,51 25 3 2 [\] o
1974 B.00 97,51 15 1 2 0 0
1975 5.26 102,77 7 3 1 ] 0
1976 10,97 113. 14 9 F H [} 1
1977 11.3a 125.04 - - s -— —-—

Total 125,04 - 128 &40 19 & 1

Percentage

of total ’

avents - - 66.7 20,8 9.9 2.1 0.5

Annual

aversga 7.82. - 8 2 1 <1 <1

1 Period of full-year racord oaly.
2 Zotimated values indicated by "e.”

1972. A greater frequency of occurrence of small events
(less than or equal to 0.6 cm) in July and August as
compared with June, Scptember, and October (fig. 12)
probably reflects increased convective-storm activity dur-
ing these 2 mo. -

Precipitation frequency and magnitude at Lathrop
Wells is more nearly like that at the waste-burial site than
is the frequency and magnitude at Beatty. Missing records
at Lathrop Wells between 1949 and 1977 have resulted in
only 16 yr of usable data for the 30-yr period, and the
longest span of continuous record is the 6 yr from 1971
through 1976. These 16 yr of data are compared with the
same 16 yr of record from Beatty.

Precipitation events of 0.6 cm or less are the most
common ftype at Lathrop Wells, as they are at Bealty,
accounting for 67 percent of the events recorded during
the 16 yr of record (table 4). Daily precipitation of 2.5 cm
or less accounted for 97 percent of the total number of
rainfall events during the 16 yr being considered. The
seasonal distribution of daily precipitation events of 2.5
cm or less at Lathrop Wells is shown in figures 12 and 13.

In most years, these rains account for all the precipitation
recorded at Lathrop Wells. The pattern is similar to that
at Beatty, but there are fewer small rainfall events (0.6 cm
or less) in July and August and more rainfall events
producing 0.61 to 2.5 cm in March and April.

The total precipitation at Lathrop Wells amounted
to 69 percent of the total recorded at Beatty during the 16
yr of concurrent record. The number of small storms (0.6
cm or less) at Lathrop Wells amounted to only 51 percent
of the number of small storms at Beatty. The number of
events producing 0.6 to 2.5 ¢m of rain at Lathrop Wells
was 74 percent of the number of events of the same size at
Beatty. The number of potentiaily significant precipitation
events, those producing more than 2.5 cm of rain, was
nearly the same at the two stations during the 16 yr being
examined—five at Lathrop Wells and six at Beatty. Table
5 gives the date and magnitude of these events at Lathrop
Wells. The event on November 6, 1960, is not inciuded in
table 4 because the records for that year are incomplete,
but it is included in table 5 for comparison with events of
similar size at Beatty.
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Table 5. Date and magnitude of 24-hr precipitation events exceadmg 25
cm at Beatty and Lathrop Wells, 1949-79

Pracipitation, in centimeters

Date Beatty Lathrop Wells
February 27, 1949 3.71 3.56
May 18, 1949 {(a) 3.25
March 15, 1952 2.54 (b)
November 11, 1954 4,06 2,67
November 6, 1960 J.25 2.85
Pebruary 10, 1968 5,19 )
Noveaber 7, 1969 2.54 (b)
February 21, 1970 2.69 (b)
October &, 1972 3.05 3,30
Septeaber 9, 1975 4,39 (e)
February 7, 1976 3.23 4,85
February 9, 1976 )] 4.85
Septenber 10, 1976 3.07 {e)
May 9, 1977 3.33 {e)
August 17, 1977 4,45 5.22 (3,25 *

a Misaing record.

b Station not ia coperation,

¢ Precipitation less than 2.5 ca.

Temperature

Temperature is an indicator of the evaporative
demands in the area at any given time and provides a
guide to potential evaporation, Temperature also tends to
show more areal uniformity over longer periods of time
than precipitation, so that average temperature values
have greater meaning than do average values of precipi-
tation.

The seasonal distribution of mean monthly temper-
ature at Beatty is shown in figure 14. The mean annual
maximum daily temperatore for the period 1949-79 is
25 °C. The mean annual minimum daily temperature is
6 °C, and the mean annual mean daily temperature is
15 °C. The mean daily maximum temperature exceeds
32 °C from June through September. The hottest month is
July, with a mean daily maximum temperature of 37 °C;
the mean daily minimum temperature for this month is
17 °C. Average daily minimum temperatures fall below
0 °C during December, January, and February. The
coldest month is January, with a mean daily minimum
temperature of —3 °C; several days in carly January

have long-term mean daily minimum temperatures below
=5°C.

The temperature distribution and ranges at Lathrop
Wells (fig. 15) are similar to those at Beatty (fig. 14). The
mean annual maximum daily temperature is 27 °C, the
mean annual minimum is 8 °C, and the average annual
mean daily temperature is 18 °C. The warmest month is
July, having a mean daily maximum temperature of 39 °C
and a mean daily minimum of 20 °C. The mean daily
maximum temperature exceeds 32 °C from June through
September. The coolest month is January, with a mean
daily minimum temperature of —2 °C and a mean daily
maximum of 14 °C. The average daily minimum temper-
atures drop below 0 °C during December, January, and
February.

These temperature distributions and extremes are
significant from the standpoint of evaporation demands.
The warmest temperatures occur in the summer months,
when precipitation is sparse and small rainfall events
dominate. Evaporation demands are greatest during these
months, The coolest months are the winter months, when
much of the yearly rainfall occurs and when most of the
major polentially significant precipitation events take
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Figure 13. Monthly distribution of precipitation events of between 0.61 and 2.5 cm at Beatty
and Lathrop Wells, 1949-76.
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Figure 14. Mean monthly maximum, average, and minimum air temperatures at Beatty, 1949-78.
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Figure 15. Mean monthly maximum, average, and minimum air temperatures at Lathrop Wells, 1949-76.
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place. Evaporative demands are low during these months,
and if enough precipitation falls to satisfy the soil-
moisture deficit built up during the preceding summer,
there is the potential for deep percolation.

Evaporation

Evapotranspiration, rather than just evaporation, is
more commonly considered in investigations of this type
because of the need to _consider not only water lost
directly from the soil by evaporation, but also moisture
lost by plants through transpiration, Only evaporation is
considered here, however, because the waste-burial site is
kept cleared of vegetation and water is lost to the atmos-
phere only through evaporation from bare soil.

Many discussions of evaporation consider only pan

cvaporation or potential evaporation, usually because

actual evaporation data are not available. Pan-
evaporation and potential-evaporation rates can be useful
guides fo actual evaporation in some instances, but they
are poor indicators in such an arid climate. Pan evapora-
tion occurs at the potential, or energy-limiting, rate. As
long as water is available, evaporation at this maximum
tate will continue, and the purpose of the evaporation pan
is to provide a continuous supply of water. Potential
evaporalion also is a measure of evaporation at the
encrgy-limiting rate, but, rather than being measured
directly, it is computed using climatic data, Pan evapora-
tion in this part of Nevada probably exceeds. 250 cm a
year. Measured pan evaporation at Boulder City, 183 km
southeast of the waste-burial site, is about 280 cm per
year.

A number of equations have been developed to
compute potential evaporation and potential evapotran-
spiration using a variety of meteorological or climatic
data. Most equations have been developed to compute
potential evapotranspiration from cropped surfaces using
readily available meteorological data. Those equations
developed for calculating potential evaporation from bare
soil commonly require meteorological data that are not
readily available, particularly in remote areas. Equations
to estimate actual evaporation also require data that
commonly are not available,

During the course of this investigation, meteorolog-
ical data (described below) were collected at the study site
for use in evaporation studies. Several equations were
used to calculate actual evaporation for selected time
periods of 5 to 15 days. Several other equations were
employed to estimate long-term potential and actual
evaporation on the basis of 28 yr of precipitation and
temperature data from the Beatty weather station., The
details of these computational procedures are discussed
later in this report. The intent of an in-depth study of
evaporation is not to calculate a precise annual total for a

particular year or an accurate water balance for the arca
for an extended period, but rather to screen the available
climatic data for the area since 1949 for potential
“recharge-inducing” events on the basis of. reasonable .
long-term estimates of evaporation, Because virtually no
runoff occurs at the waste-burial site, the difference
between precipitation and evaporation, once the soil-
moisture deficit is satisfied, is considered to be (he
recharge that can percolate deep into the unsaturated
zone. This approach to estimating long-term evaporation
allows a reasonable upper limit to be sct on the amount of
recharge that might have occurred since the waste-burial
facility was established in 1962, and it also jdentifies the
times and conditions under which the recharge would
have taken place. This approach is discussed in greater
detail later in this report.

Mean monthly potential evaporation at Beatty from
1961 to 1976 is shown in figure 16. It ranges from 4 ¢cm in
December to 33 cm in July. The seasonal distribution can
be compared with that of precipitation (fig. 9). Annual
potential evaporation at Beatty for 1961 through 1976 is
shown in figure 17. It ranges from 132 cm to 214 cm and
averages 190 cm over the 16 yr. A comparison of the
evaporation data in figure 17 and precipitation data in
figure 8 clearly demonstrates the limited vsefulness of
potential-evaporation computations in constructing -a
water balance. In contrast to the monthly potential evap-
oration, estimated monthly actual evaporation from bare
soil at the waste-burial site ranges from 0.4 cm in Decem-
ber to slightly less than 1.1 ¢m in February (fig. 18). The
pattern of estimated actual evaporation is significantly
different from that of potential evaporation. Maximum
estimated actual evaporation occurs in February, when
rainfal] is most common and water is most readily avail-
able, and it generally declines through the rest of the year
to a minimum in December Mean annual estmated
actual evaporation is 9 cm and ranged from 2 to 16 cm for
the 16-yr period,

The precipitation record upon which these evapa-
ration estimates were based is a modification of the record
from the Beatty station, Comparison of the records from
Beatty and Lathrop Wells indicates significantly fewer
rainfall events in the size category 0.6 cm or less at
Lathrop Wells than at Beatty, but Beatty has the more
complete record as required for the analysis, Accordingly,
the number of precipitation events recorded at Beatty that
were equal to or less than 0.6 cm was reduced by 33
percent by arbitrarily deleting every third rainfall event of
that size, which in turn resulted in a mean annual
precipitation of 10 cm for the 16 yr of analysis, a
reasonable average for the location of the waste-burigl
site. For the 16-yr period, the cumulative amount of
estimated actual evaporation equaled 97 percent of cumy-
lative precipitation. Likewise, the mean annual value for

estimated actual evaporation equaled 97 percent of the
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Figure 18. Mean monthly potential evaporation at Beatty, 1961-76.
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Figure 18. Estimated mean monthly actual evaporation from bare soil at waste-burial site, 1961-76,

mean annual rainfall. The remaining 3 percent (or 0.3
cm), which is within the limits of accuracy of the estimate,
would represent potential mean annual recharge.

GEOHYDROLOGY OF THE UNSATURATED
ZONE AT THE WASTE-BURIAL SITE

Geohydrologic studies at the waste-burial site have
been confined to a detailed investigation of the top 10 m of
the unsaturated zone. The intent is to provide a better
basis for determining the potential for infiltration and
deep percolation of precipitation; only deeply percolating
rainfall can leach and transport radionuclides from the
buried waste. Micrometeorological data (R.G. Brown,
U.S. Geological Survey, written commun,, 1985) were
collected to better characterize the precipitation and
evaporation conditions at the site. Soil-moisture profiles
to a depth of 3.5 m were obtained monthly for a 15-mo
period. Soil-water potential and soil temperature to a
depth of 10 m were obtained over a 37-mo period.

Evaporation and the Potential for Recharge

Evaporation Studiea

Micrometeorological data collected at the waste-

burial site include (1) short-wave incoming solar radia-

tion, (2) net radiation, (3) air and wet-bulb temperature at
1 and 0.5 m above land surface, (4) soil-heat flux, (5) soil
temperature, and (6) precipitation. Data on windspeed
and wind direction and reflected short-wave radiation
were collected for a short time. The micrometeorological
data were originally intended for use in calculating a
rigorous water budget for the study site, but instrument
failures leading to significant record gaps and the rela-
tively short period of data.collection (2 yr} for such a
variable climate necessitated the use of other methods.
Consequently, the data were used to calibrate a water-
balance mode! developed by E.P. Weeks (U.S. Geological
Survey, written commun., 1980) for estimating a long-
term water budget.

Briefly, the model is used to compute, on days with
precipitation, a value for daily potential evaporation
which in turn is subtracted from the precipitation value.
Precipitation in excess of potential evaporation is then
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assumed to replenish soil-moisture depletion; when the
soil-moisture deficit is satisfied, the remaining moisture
from precipitation is considered to be recharge. On days
without precipitation, or when precipitation is less than
the computed daily potential evaporation, the computed
“actual” evaporation is subtracted from soil-moisture
storage and the deficit increases accordingly. The major
problem, then, is in computing a daily “actual” evapora-
tion. An approach reported by Ritchie (1972) is used in
the water-balance model for this application,

Estimated actual evaporation from bare soil is
calculated in two stages. The first is a constant-rate stage
in which evaporation is limited only by the supply of
energy to the soil surface (termed the “encrgy-limiting”
stage). The second stage is a falling-rate stage in which
evaporation is limited by hydraulic properties of the soil
and by climatic conditions (the “soil-limiting” stage). This
approach allows evaporation to proceed at the energy-
limiting, or potential, rate until the water content of the
near-surface soil has decreased below a threshold value, at
which time evaporation takes place at the soil-limiting
rate.

Potential evaporation in the model is computed by
the Jensen-Haise equation (Jemsen, 1973, p. 73, 74),
which was developed for well-watered crops with full cover
in the Western United States; although not strictly appli-
cable to the present situation, the equation is believed to
give the best approximation for the available data. Poten-
tial evaporation, using the Jensen-Haise equation, is given
by

Ep=Cr (T-T,)R, (1)

where
E,p= potential evapotranspiration as defined
for alfalfa, in centimeters per day,
C,= temperature coefficient (see below),
T= mean air temperature, in degrees Cel-
sius,
T.= intercept of the temperatere axis (see
below), and
R,= solar radiation, in calories per square
centimeter per day.
The temperature coefficient is given by the equation

1
“reTeey @

C,= 38-2(A/305), in degrees Celsius,
A= altitude, in meters above sea level,
C,=176 °(_3,'and

Cy= _S_C%a_rg’ in which e, is the saturation

2 1 :

vapor pressure at mean maximum tem-

perature for the warmest month and e, is
the saturation vapor pressurc at mean

where

minimum temperature for the warmest
month, both in millibars.
The temperature-axis intercept is given by

T,=-25-[0.14(¢e,~¢,)T/P}-4/550,  (3)

where
T= temperature, in degrees Celsius, and
P= pressure, in millibars, o

Long-term data on daily temperature from the
National Weather Service station near Beatty and long-
term average solar radiation from Las Vegas (fig. 19), 185
km southeast of Beatty, are used to solve the Jensen-Haise
equation. The equation may underestimate potential
evaporation from bare soil because it was developed to
estimate potential evapotranspiration from an alfalfa ref-
erence crop. The leaf canopy of alfalfa is sufficiently
dense to absorb most of the solar radiation before it
reaches the soil surface. This is not especially critical in
the present application because evaporation at the poten-
tial rate is considered to occur only on days when there is
precipitation, and at Beatty this happens, on average, 20 -
days/yr Evaporation on nonprecipitation days is the dom-
inant factor. Use of the term “evaporation” henceforth
should be understood to mean actual evaporation.

Estimated evaporation from bare soil on days with-
out precipitation was calculated at the soil-limiting rate,
provided the water available for energy-limiting evapora-
tion, assumed to be 1 cm, had been exhausted. Following
Black and others (1969), Ritchie (1972) computed the
cumulative evaporation since the beginning of soil-
limiting, or stage 2, drying with the following equation

3E, =Ct", 4)
where
E, = evaporation rate from bare soil during
stage 2 drying, in centimeters per day,
C= coefficient dependent on climate and the
hydraulic properties of the soil, in centi-
meters, and
= time since the beginning of stage 2 dry-
ing, in days.
Black and others {1969) defined the coefficient C as

C=2(8;=8,)(D/=)", (5)

where- :

6,= initial water content at time ¢=0, in
centimeters,

6,= water content at the surface at >0, in
centimelers, and

D= soil-water diffusivity, in square centime-
ters per day. '

Ritchie (1972) assumed that C is independent of climate

and is a function of soil hydraulic properties only, but
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Figure 19. Mean monthly solar radiation at Las Vegas, 1855-75.

Jackson and others (1976} show that C also can be
correlated with temperature using the normalized tem-
perature dependence of water-vapor diffusion in soil, and
thus is a function of climate (represented by temperature)
as well as soil properties. Analysis of the parameter C,
using data collected at the waste-burial site during this
investigation, is in accord with the conclusions of Jackson
and others (1976), as is shown below.

Data were selected for two time periods to investi-
gate the parameter C. The periods July 21 through

August 2, 1979, and January 31 through February 13, .

1980, were selected for their representation of seasonal

extremes. In both periods, rainfall occurred on the first

day. The data are given in table 6.
Daily evaporation rates were computed using the
energy-balance equation

LE=R,-H-G, . (6)

where
LE=the latent heat flux, in calories per
square centimeter per day
(E'=evaporation rate, in centimeters per
day, and L=latent heat of vaporization,
in calories per gramy),
R, = net radiation,
H= sensible heat flux, and
G= soil-heat flux, all in calories per square
centimeter per day.
Rearranging terms (Wilson and Rouse, 1972) so that H is
divided by LE, gives

LE=(R,-G)/(1+HILE), Q)

where H/LE=@, which is the Bowen ratio, Both R, and G
can be readily measured, and 8 can be determined by

B=v(AT/Ae), 8)
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Table 8. Meteorological data for waste-burial sita during July 21 through
August 2, 1979, and January 31 through February 13, 1980
[R,=net radiant energy of all wavelengths, in calories per square centimelter per day;
Ty=air temperature at 1 meter, Tpy=wet-bulb temperature at 1 meter, I3 = air
temperature at 0.5 meter, and T'y=wet-bulb temperature at 0.5 meter, all in degrees
Celsius; G=soil-heat flux, in calories per square centimeter per day]

Date R, T T T T G
1979a

July 21 313.8 25.3 19.3 25.6 19.3 6.0

22 285.6 28,2 18.0 28.7 18,3 37.8

23 286.2 31.1 17.9 32.2 18.5 48.0

24 258.6 31.3 17.0 3z.1 17.0 40.8

5 251.8 32,2 16.9 33.0 17.3 32,4

28 228.6 32.5 15.9 33.4 16.3 27.0

27 221,8 32.3 15.6 3.0 15.9 18.0

31 228.6 30.5 14.4 1.4 14.8 18.6

Aug. 2 208.8 31.6 1l4.1 32.2 14.4 15.0
1980

Jan. 31 37.2 6.8 " 4.0 7.0 3.9 ~9.6

Feb. 1 98.4 9.1 5.2 9.4 4,9 21.0

2 79.2 11.4 6.7 11.5 6.7 19.8

3 33,0 11.0 6.8 10.9 6.6 -~1.,2

4 78.0 12,7 7.0 12.8 6.8 18.6

1 40.8 11.7 6.0 11.8 6.0 7.2

[ 67.8 14.0 6.0 13.9 5.9 18.6

1 1.8 9.9 3.6 10.1 3.5 -6.6

8 72.0 10.0 3.0 10.1 3.1 2.4

9 Thob 6.3 0.9 6.2 0.5 4,2

.10 57.0 6.0 0.8 6.0 0.3 3.4

11 81.0 6.5 1.0 6.4 0.8 13.8

12 -37.8 5.5 0.3 5.6 0.6 =36.6

12 -96.0 5.5 3.3 5.4 2.5% -15.0

& No data available for July 28-30 and August 1.

where
~= psychrometric constant, in millibars per
degree Celsius,

AT= difference in air temperature between
two vertical measurements at a given
time, in degrees Celsius, and

Ae= difference in vapor pressure between
two vertical measurements at a given
time, in millibars,

The temperature difference, AT, between two levels is
measured. Ae is calculated from wet-bulb temperature
measurements as follows (Wilson and Rouse, 1972):

Ae={S'+v)AT, —yAT . (9)

where :
§'= slope of the curve for saturation vapor
pressure versus wet-bulb temperature at

the mean wet-bulb temperature (that is,
de,/dT at T.), and
AT, = difference in wet-bulb temperature, in
. degrees Celsius.
Finally, the evaporation rate, E, is determined by dividing
the energy-balance equation by the latent heat of vapor-
ization, L, which leads to

E=(R, ~G)/Lp.(1+8), (10)
where
L=15959-0.545T (T=air temperature, in
degrees Celsius),

E= evaporation rate, in centimeters per day,
L= latent heat of vaporization, in calories
per gram, and
., = density of water, in gram per cubic cen-
timeter. :
Evaporation computed by this equation is given in table 7.
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Table 7. Evaporation at waste-burial site during July 21 through August 2,
1979, and January 31 through February 13, 1980

{All values in centimeters)

Evaporation

Bowen-ratio

Best fit curve,

Cumulative evaporation
from best fit curve,

Date aquation figures 20 and 21 figures 22 and 23
1979
July 21 0.2526 0, 2440 0.2440
22 »1808 «1850 4290
23 +1670 +1600 «5890
24 1348 .1385 7275
25 .1232 «1225 .8500
26 .1102 +1085 +9585
7 0997 | «0960 1.0545
28 - +Q860 1.1405
29 - .0780 1.2185
kD)) - .0700 1.2885
i 0603 <0640 1.3525
Aug. L - «0580 1.4105
2 »0519 0530 1.4635
1980
Jan. 31 »1598 +1600 + 1600
Feb. 1 <1457 1420 3020
2 .0063 «1260 4280
3 0442 .1140 «5420
4 «1196 .1020 « 6440
5 .1050 .0920 «7360
6 .0819 +0840 .8200
7 «0260 .0720 «8920
8 .0782 0650 9370
9 «1034 0590 1.0160
10 .08635 0540 1.0700
11 0977 <0485 1.1185
12 - <0440 1.1625
13 0426 .0420 1,2045

Calculated daily evaporation was plotted (figs. 20,
21) and a smooth curve fitted, by eye, to the data points.
Revised (or estimated) daily evaporation was obtained
from this curve (table 7). Stage 2 evaporation was
assumed to have begun on the first day of each of the
periods analyzed. In fact, even though rain preceded the
period of analysis, stage 1, or energy-limiting, evaporation
may not have taken place. The transition from stage 1 to
stage 2 evaporation as described by Ritchie (1972) was
not observed in the plot of cumulative evaporation as a
function of time (figs. 22, 23).

The cumulative evaporation values were then plot-
ted as a function of the square root of time (figs. 24, 25),

following the example of Ritchic (1972, fig. 4), and a
straight line was fitted to the data; in fitting the line,
greatest weight is given to cumulative evaporation values
toward the end of the selected time period. The slope of
this straight line is equal to C in Ritchie’s equation, The
value for the June—Angust period is equal to 0.41 cm, and
the vaue for the January-February period is equal to 0.32
cm. These are well within the range of values for €
reported by Ritchie (1972) but higher than the
temperature-dependent values suggested by Jackson and
others (1976, fig. 2). Jackson and his coworkers (1976)
calculated C values for five sets of evaporation data and
plotted them as a function of temperature. The data
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Figure 20. Calculated daily evaporation at waste-burial site, July 21 through August 2, 1979, Dashed lins is "visual bast fit."-

Geohydrology of the Unsatureted Zone at the Waste-Burlal Site 33




DAILY EVAPORATION, IN CENTIMETERS

Figure 21. Calculated daily evaporation at waste-burial site, January 31 through February 13, 1980. Dashed line is “visual
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points all fall very close to the curve of the calculated
normalized temperature dependence of water-vapor dif-
fusion in soil, This curve is shown in figure 26, and the C
values calculated from data collected at the waste-burial
site are plotted for comparison.

Eslimates of Long-Term Evaporation

Long-term evaporation was calculated with the
water-balance computer program using several different
values for the coefficient C. None of the solutions was
entirely satisfactory. The program was then modified to
allow for the seasonal variation of C as a function of mean
daily temperature. An equation determined for the curve
in figure 26 from Jackson and others (1976) was used
initially. The coefficients computed with this equation-
cakulated too little evaporation and a maximum soil-
moisture deficit that was considered too small on the basis
of available soil-moisture field data. A new equation was
obtained by-an upward shift of the curve of Jackson and
others (1976) toward the range of C values obtained from
field data at the waste-burial site. This curve is shown by
the dashed line in figure 26.

The water-balance model, like the procedures of
Ritchie (1972) and Jackson and others (1976), has been
tested only for agricultural conditions and has not been
applied to an arid area such as the Amargosa Desert, In
this investigation, the model is not used to calculate a
precise annual evaporation and water budget for the area,
but rather to screen the available climatic data for the area
since 1961 for potential recharge events. By varying the
value of C and the threshold soil-moisture deficit within
reasonable limits, the precipitation events that might lead
to recharge can be identified and their possible signifi-
cance with respect to potential radionuclide migration can
be assessed.

Table 8 gives the computed annual evaporation for
three different values of C. The “low” estimate of evap-
oration is for the low values of C from Jackson and others
(1976), as indicated by the solid line in figure 26. The
“high” and “intermediate” estimates of evaporation are
for the high and intermediate values of C based on the
dotted and dashed curves, respectively, in figure 26, The C
values obtained from data collected at the waste-burial
site are closer to the curve used in obtaining the high
¢stimates. The major difference between the high and
intermediate estimates is in the evaporation calculated for
1968 and 1976.

implications Regarding Recharge

. The analysis suggests that recharge could have
occurred in February 1968, March 1973, and February
1976. The 1968 event seems to have been the result of two
factors: (1) above-average and frequent rainfall in 1967
and (2) a heavy storm in February 1968. The pattern and

magnitude of precipitation in 1967 (table 9) kept soil-
moisture depletion at a moderate level throughout 1967
and into early 1968, so that when intense rain (5.46 cm at
Beatty) fell on February 9 and 10, 1968, a great potential
existed for deep percolation. The computed potential
recharge in 1968 was about 2.2 cm.

A different sequence of events in 1972 and 1973 led
to computed potential recharge in March 1973, Very little
rain fell throughouf 1972, resulting in a fairly significant °
soil-moisture ‘deficit by year’s end. However, a series of
storms, which produced an estimated 2.2 ¢cm of rain in
Januvary, 4.6 cm in February, and 4.5 cm in March 1973, -
resulted in a computed potential recharge of 0.5 cm.

Conditions in 1975-76 leading to potential recharge
were similar to those for 1967-68. Moderate rains during
the last 4 mo of 1975 held the soil-moisture deficit to an
intermediate level. Then, a series of storms extending
from February 6 through February 10 produced an esti-
mated 7.5 cm of rain, including 3.2 cm on February 7,
These rains were enough to satisfy. the soil-moisture
deficit and still provide a computed potential recharge of

_ about 2.6 cm,

These calculations of long-term evaporation and
recharge, though only estimates, strongly suggest that the

-potential for recharge, or deep percolation, exists in the

arca of the waste-burial facility. The calculations also
define the types of events and conditions that might
eventually lead to deep percolation. Obviously, such a
simplistic approach does not accurately simulate the
interrelation of precipitation, evaporation, infiltration, and
deep percolation, but it does provide a reasonable quali-
tative framework for further theoretical studies. Note,
however, that if vegetation is present, recharge is unlikely.
Filled and decommissioned waste-burial sites commonly
are landscaped with native or other vegetation that, under
the conditions at the site near Beatty, would provide a
major buffer to deep percolation.

Water Content and Soil-Moisture Profiles

Detailed field investigations of soil-moisture content
and soil-water potential were made at the site from 1978
to 1980. These studies concentrated on the upper 4 to 10
m of the undisturbed stratigraphic sequence. Similar
studies on a disturbed sequence of material representa-
tive of trench backfill were not made because of the lack
of a suitable site.

The shallow subsurface stratigraphy is relatively
uniform beneath the area covered by the waste-burial site.
Briefly, a thin gravel pavement on the ground surface is
underlain by a very fine silty sand that extends from land
surface to a depth of about 0.75 m. This is underlain bya
coarse sandy gravel, with cobbles, from 0.75 m to about
2.5 m, which is in turn underlain by a dense, poorly
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Figure 22, Cumuiative daily evaporation at waste-burial site, July 21 through August 2, 1979,
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Figure 23. Cumulative daily evaporation at waste-burial site, January 31 through February 13, 1980,
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Figure 24, Cumulativedaily evaporation versus square root
of time, in days since start of period, July 21 through
August 2, 1979, :

cemented sand to silty sand, with some gravel, cobbles,
and a few boulders, from 2.5 m to about 10 m. The
stratigraphy below this depth is uncertain, but observa-
tions in one trench excavated to 15 m indicate a 1-m-thick
layer of coarse sandy gravel, similar to that seen from 0.75
to 2.5 m, underiain by the same type of sediments seen in
the interval from 2.5 to 10 m. This sequence is shown
diagrammatically in figure 27,

Volumetric water content has been determined for

core samples collected to depths of 11 m (table 10), and -

neutron soil-moisture profiles have been obtained to
depths of 3.8 m (fig. 28). Water content to a depth of 0.5
m ranged from 4.5 percent, following lengthy dry spells, to
18 percent afier heavy winter rains. The water content of
the sediments below 0.5 m is fairly constant, ranging from

about 6 to 10 percent. There was no change observed in
water content of sediments below 2 m from February 1979
to May 1980,

Cores were collected* during the drilling of a deep .
instrumentation shaft and neutron access holes. The cores
were used to determine volumetric water content, using
standard oven-drying techniques, to obtain general infor-
mation on moisture content, and to calibrate the neutron
moisturc-meter (Troxler, model 104A2) used in obtaining
moisture profiles, Water content of the samples is given in
table 10.

Thin-walled aluminum access tubes for the neutron
probe were installed to a depth of 10 m in August 1977,
Attempts to obfain moisture-profile logs from these holes

? The use of trade names in this report is for identification
purposes only and does not constitute endorsement by the U.S.
Geological Survey.
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Figure 25. Cumulative daily evaporation versus squareroot
of time, in days since start of period, January 3t through
February 13, 1980,
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in February 1978 disclosed that all threc tubes had been
damaged during installation. Replacement tubes to a
depth of 3.5 m were installed in January 1979. Profiles
were obtained on a ncarly monthly schedule until May
1980. Selected profiles are shown inifigure 28.

Comparison of the profiles for February 27, 1979,
and February 26, 1980 (fig. 28D), indicate a downward
redistribution of moisture to a depth of about 2 m—
nearly to the base of the coarse sandy gravel layer (fig.
27). The change in moisture content between 0.9 and
2.4 m is equivalent to about 0.9 cm of water and repre-
sents a total change in waler content of 7.9 -percent.
Examination of several pairs of moisture-content profiles
for shorter time periods (not shown) indicates that most
of the downward redistribution had occurred by May 1979
(fig. 284) and that the greatest change took place
between April 12 and May 23. Additional downward
movement took place between May 23, 1979, and Febru-
ary 26, 1980 (fig. 285). However, between February 26
and May 28, 1980, the moisture profile changed little if
any below 0.6 m (fig. 28C), the approximate depth to the
top of the coarse sandy gravel layer. No change of water
content below 2.4 m was observed from February 1979 to
May 1980,

Considered in the light of the precipitation record
from January 1979 to May 1980 (R.G. Brown,
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Figure 26, Temperature depandence of the coefficient C.

Table 8. Estimates of annual evaporation and potential annual recharge at waste-burial site for three ranges of the

coefficient £ (fig. 26)

[All values in centimeters]

Low Intermediate High
Anaual
precip— Annual Annual Annual Annual Annual Annual
Year itation evaporation rscharge sHpl  gvaporation yecharge SHDL  evaporation techarge smpl
1961 6.91 8.86 1.17 4.19 8.19 . 0.00 4,83 6.68 0.00 4.77
1962 6.07 7.11 .00 5.2% 8.20 .00 6.96 B.26 .00 6.96
1963 12.24 9.94 .00- 2,93 9.77 00 4.49 10.16 .00 4.87
1964 3.05 5.37 .00 5.25 5.05 .00 6.95 5.47 .00 7.30
1965  13.39 9.40 .00  1.26 9.23 .00 2,79 10.43 00 4,34
1966 7.21 T 6.97 « 54 1.56 6.86 .00 2.43 7.15 .00 4.28
1967 11.10 12.57 .00 .02 11.27 .00 2,60 12,97 .00 6.15
1968 11.30 10.54 1.79 4.05 11.77 2.18 5.26 10.36 .00 - 5.20
1969  14.53 11.84 1.56 2.92 13.17 00 3.89 13.97 .00 4.65
1970 6.71 7.85 .07 4. 14 6.61 .00 3.08 5.80 <00 3.37
1971 2.24 1.45 .00 3.35 2.32 +00 3.89 2.25 .00 3.7
1972 o6l 2,19 ¢ .00 5.53 2.06 +00 9.34 2.88 .00 6.01
1973 16,33 13.66 +78 3.63 15.26 50 .77 15.590 0.40 5.98
1974 12.60 11.15 .30 2.50 12.12 +00 4.29 12.74 .00 6.12
1975 9.37 7-90 .00 1.02 8.63 «00 3.55 9.00 .00 5.74
1976 18.75 14.71 5.23 2.21 16.26 2.57 .64 17.70 29 4.9%

1 SHD = Soil-moisture deficit at and of calendar vear.
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site

[All values in centimeters]

Table 8. Estimated monthly precipitation for selected yeér_s at waste-burial

Month 1967 1968 1972 1973 _1975 1976
January 0.89 0.00 0.00 2.21 0.00 0,00
February 00 6.27 00 &4.65 .20 1.54
March .00 .91 .00 4.55 1.32 +00
April 2.41 .86 .00 .00 56 W84
Kay 1.37 .00 .00 1.47 .03 .05
June .74 1.80 .00 +«J6 .00 .58
July .00 «56 00 .00 «20 3.68
August 1.83 .13 38 .86 .00 00
September l.24 .00 .00 .00 5.54 4,42
October .00 +63 00 1.04 43 1.60
Hovember 2.62 .00 .23 .89 .58 .03
December .00 .13 .00 +30 51 .00
U.S.G.S. , .
N No. 1 Silty flPe sand
] ! | Trench No. 20
Gravel and coarse to fine sand, with cobbles
B
— Silty coarse sand and gravel; poorly cemented
— Silty sand, gravel, and cobbles
-
_‘_-_“——___——Gr_a-va;d coarse sand _,_____—_ -

—10

DEPTH, IN METERS

Figure 27. Diagrammatic geclogic section of shallow unconsolidated deposits at waste-burial site. Vertical

exaggeration=T7X.
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U.S. Geological Survey, written commun., 1985), the deep
percolation that had occurred by May 1979 resulted from
the following sequence of events: precipitation in January
1979 restored much of the antecedent soil-moisture def-
icit, so that the heavier rainfall of late March, which
exceeded the seasonal evaporation demands, produced
percolation below 0.6 m. Enough moisture was available
from these rains to permit downward movement from the
fine-grained near-surface sediments into the coarser sed-
iments below 0.6 m. Additional downward redistribution
continued from May 1979 to February 1980,

The results of soil-moisture studies made at the
waste-burial site support the conclusions of the long-term
evaporation studies, namely that given the correct circum-
stances of precipitation occurrence, evaporation demands,
and soil-moisture deficit, deep percolation can take place.
The sequence of events leading to the observed deep
percolation is not unlike that postulated from long-term
evaporation modeling. Precipitation in 1978 was 26,34 cm
at Beatty and 23.35 cm at the waste-burial site, more than
twice the long-term annual average, This was followed by
a significant storm in January 1979 (4.62 cm) and several
significant storms in Jate March 1979 (2.52 ¢m). The net
result was that the March precipitation provided enough
moisture to allow downward percolation during the suc-
ceeding months,

Soil-Water Potential

Attempts were made during the investigation to
obtain in-place measurements of soil-water potential
using thermocouple psychrometry. A vertical shaft, 1.5 m
in diameter and 10 m deep, was drilled and cased with
steel pipe. Windows measuring about 20 by 40 cm were
cut into the casing at 1-m intervals to provide access to
sediments along the shaft sidewall. The shallowest window
was cut at 3 m because slumping and collapse of the upper
2.5 m during drilling of the shaft cansed too much ground
disturbance to permit collection of reliable data for
undisturbed conditions.

The theoretical basis for the psychrometric meas-
urement of soil-water potential has been discussed by
Rawlins (1966, 1972) and by Van Haveren and Brown
(1972). The measurement of soil-water potential in soil
samples in the laboratory using psychrometers has been
discussed by Campbell and Wilson (1972), and their field
use in a desert environment has been described by Moore
and Caldwell (1972). Porous-cup thermocouple psy-
chrometers used during this study were implanted in the
sidewall of the 10-m shaft. An access hole 1.3 ¢m in
diameter was drilled horizontally into the sidewall sedi-
ments a distance of 45 to 50 cm, Once the psychrometer
was emplaced, the access hole was backfilled. Drilling

Table 10. Volumetric waler content of core sampfes from waste-burial site’

|Moisture contents in percent; “--" indicates lack of data)

Depth, in meters

Boring

.nuabar 1.0 1.2 1.5 2.0 2.4 2.7 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0
. = o= e« 7.3 == == L1 7.9 7.9 8.8 6.6 4.9 5.4 8.5 1.6
2 -— = == 9,7 == -_— 3 8.2 65 7.9 9.4 6.0 - 9.0 ==
3 4,1 == == == - - b == = = 4 = == - -
4 - == == 7.8 -~ - - 6.6 -— 8.9 — 51 -- -— -
LA -— == $,3 - — _10.7 6 8.3 9.0 -~ -—~—- — — == -
[ —— w= 5] == - 7.7 5 8.2 7.0 == == = e —_ -
[ -— == 5,8 = - 5 9.1 = e R - -—
7 —_ 7.6 — = 7.6 == 7 == == o= = = o -— -
Bl - == B0 - - - 3 == 6.1 39 -« == — - -
B2 —_— = ] - - - 1L ==~ 57 48 — - 4,6 = -

- - 9 -— -—

o
w
[}
i
1
]
i

Average 4.1 7.6 6.7 8.2 7.6 9.2

8.5 8.0 7.0 6.9 8.4 5.3 5.0 B.7 7.6

1 Mesasurements made by W. D. Nichols and D. H. Schaafer.
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{4) February 27 and May 23, 1979; (5) May 23, 1979, and February 26, 1980; (C) February 26 and May 28, 1980; and (D)

February 27, 1979, and February 26, 1980.

farther than about 50 cm was difficult because of the large
gravel (diameters as great as 3 cm) commonly encoun-
tercd at all locations. In fact, psychrometers could not be
emplaced at depths of 8 and 9 m because of the coarse-
riess and unstable character of the materials there,

The most reliable data were obtained from the
psychrometers at 3, 6, and 10 m. Plots of these data are
shown in figure 29. Cyclical fluctuations are indicated at
depths of 6 and 10 m, The soil-water potential at 6 m also
exhibits a trend of decreasing potential during the period
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of measurement, whereas at 10 m an increase is sug-
gested, The soil-water potential at 3 m shows a slight
increase over the period of measurement but does not
exhibit a clear pattern of cyclical fluctuations.

Of particular interest is the magnitude of soil-water

potential at all three depths. The soil-water potential

generally was in the range of ~40 to —60 bars, except for

late 1979 to early 1980 at the 10-m depth, when the

soil-water potential was in the range of —I0 to —15 bars.

Even this decrease in soil-water potential does not imply

any significant change in moisture conditions. A change in

soil-water potential from —50 to —15 bars can occur with

an increase.in volumetric water content of less than 1°
percent, and probably less than 0.5 percent.

Hydraulic Properties of
Sedimentary Deposits

Determination of the hydraulic properties—specif-
ically the unsaturated conductivity—of sedimentary mate-
rials such as those at the waste-burial site was difficult,
and the results are questionable, The very coarse deposits
encountered make sample collection difficult and nearly
preclude collection of representative samples. Laboratory
methods and instrumentation for determining unsatur-
ated conductivity versus water content or unsaturated
conductivity versus matric potential, particularly in the
range of very low moisture content and at potentials more
negative than —5 bars, generally have not been applied to
such’ coarse heterogeneous materials. Nevertheless, an

Table 11,
samples from waste-burial site

attempt was made to determine the relationship among
matric potential, water content, and unsaturated conduc-
tivity for the three major stratigraphic units found at the
waste-burial site. (that is, the very fine silty sand from 0.0
to 0.75 m, the coarse sandy gravel and some cobbles from
0.75 to about 2.5 m, and the dense silty sand with some
gravel and cobbles below 2.5 m,

* Undisturbed core samples were collected at 0.15,
4.0, and 9.0 m, and disturbed bulk samples were collected
at 1.0 and 2.75 m. Two cores were collected at each of the
cored sample depths, but the materials from each of the
two cores (except at 9.0 m) were combined to provide
sufficicnt quantities for analysis. Analyses could not be
accomplished on whole samples because of the presence
of gravel (table 11). The method of Mehuys and others
(1975) was used to determine the hydraulic properties for
the fraction of the sample smaller than 2 millimeters
(mm) in diameter and then corrected to a “whole-soil”
basis. The analyses were made by Gaylon S. Campbell of
Washington State University, and the following discussion
is based largely on his report (written commun., 1980),

An approximate moisture-release curve was deter-
mined for each soil depth sampled. Emphasis was given to
the very dry end of the curve because hydraulic properties
in the range of —20 to —50 bars are most closely related
to conditions at the waste-burial site. Multiple samples for
a single depth were combined for these measurements
because of the difficult and time-consuming nature of the
technigue. The total soil-water potential of each compos-
ite sample was measured using a thermocouple psy-
chrometer (Campbell and others, 1966). Water content

Mass of grain-size fracticns greater than and less than 2 mm for soil

[Data from Gaylon S. Campbell, Washington State University, written commun., 1980)

Fraction Fraction
Depth Sample *Z oo <l mm Percentage
(naters) nuober {grams) (grams) >2 mnl
0.15 1 10.5- 106.8 9
.15 2 1.3 96.3 1
1.0 1 2,087 2,393 47
1.0 2 2,616 1,757 60
A
2.75 1 2,572 1,096 70
2.715 . 2 1,814 1,298 58
4.0 1 56.9 58.2 49
4.0 2 25.1 74.3 25
9.0 1 269.7 343.3 56

1 calculatad as follows:

100(>2 wm}/[{>2 au)+(<2 om)].
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Table 12. Laboratory-measured moisture characteristics of soil samples from waste-

buriaf site?

[em, centimeters. Data from Gaylon S, Campbell, Washington State University, written commun., 1980]

.’!] hg Osmotic
(cm) {em) water potential
Depth [aee foor- [sea foot- at saturation
{meters) W, aote 2]. W, note 2] (cm)
0.15 0.030 41.6x103 0.065 0.8x103 0,3x103
1.0 .032 35.9x103 -~ 053 3.6x103 1.3x103
2.75 .030 48.0x103 .049 3.9x103 .8x103
4.0 .079 9,1x103 .143 +1.32103 1.6x103
9.0 +075 24.3x103 .117 1.3x103 -

1 W, and W, indicate gravimetric water content of sire fraction less
than 2 millimeters at potentiale 4; and .

2 All poteatials ate negative.

was determined gravimetrically by drying for 24 hr at 105
°C. Initial measurements indicated that salts were present
in the samples in sufficient concentration to affect meas-
urements of matric potential at low water content, so the
samples were leached with distilled water before the final
measurements were made. Electrical conductivity of the
leachate from each sample was measured to provide an
estimate of the osmotic component of the soil-water
potential, Table 12 gives the results of water-content and
watcr-potential measurements made on the sample frac-
tion smaller than 2 mm in diameter.

The data given in table 12 were used to find the
constants a and b for the following equation (Hillel, 1971,
p- 63):

h=al/™®, (11)

where # is the matric potential, in centimeters of water,
and W is the gravimetric water content, in grams per gram
{(2/g), at the given potential, These constants computed for
the less-than 2-mm fraction, together with the corrected
value of the constant a for the “whole s0il,” are given in
table 13. Values of air-entry potential were calculated for
each sample. By assuming that the bulk density of the
less-than-2-mm fraction was about 1.2 grams per cubic
centimeter (g/cm®), a value of salurated water content
(for the <2 mm fraction) of 0.42 g/g was determined.
Combining the following equation (Campbell, 1974):

h=h,(WIW)™, 12)

where
h,= air-entry potential, in centimeters,
h= matric potential, in centimeters,

* W= water content at A, in grams per gram,
W,= saturation water content, in grams per
gram, and
b= constant,
with equation 11, we obtain

h.=aW,™", (13)

from which the air-entry potential is obtained. The values. _
of air-entry potential used are not the actual values that
would be observed for the whole-soil sample; instead, they
represent extrapolated values for the finer-than-2-mm
fraction. Similarly, the whole-soil values for saturation
water content do not represent the actual saturation water
content of these gravelly soils. Values of A, and W, are
given in table 13,

Unsaturated hydraulic conductivity at a given water
content or at a known matric potential can be determined
from the following equations (Campbell, 1974):

k=k; (WIW,)" (14)

and

k=k, (h./h)", (15)

where

k= unsaturated hydraulic conductivity and

k,= saturated hydraulic conductivity, both in

centimeters per day,

n=2+3/b, and

m=2b+3,
Both equations require that the saturated hydraulic con-
ductivity be known. It can be measured in a conventional
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Table 13. Calculated mmsture-charactensnc paramesters for soil samples from waste- -

butial site?

[mm, millimeters; cm, cemimcters; 2/g. gram per gram. Data from Gaylon 8. Campbell, Washington

State University, written commun., 1980]

a {centimeters)

W for
Fraction Whole he whole sample
<2 mm sample . (em), (g/®)
Depth [sea foot~ [see foot- [see foot- [see foot-
(neters) note 2] notes 2, 3] b note 2) note &)
0.15 6.9x10"4 5x10-4 S.1 0,06 0:40
1.0 5.5x103 Ix 104 4,6 .3 .19
2,75 7.8x10~4 4x10~6 5.1 07 .15
4,0 2.2 5x10-1 3.3 38 o26
9.0 9,5x10~% 4x10~6 6.6 .3 .18
lsynbola:  a and b, constants in equation & = a%°;k,, airentry

potential; W;, gravimetric water content at saturation.

2411 values are negative.
3caleulated as follows:

al{whole sample) = a{<2 mn fraction) x (1H#RD,

wvhere R is the mass ratio of stones to total sample.

4Calculated as follows:
defined in footnote 3.

manner or can be calculated by measuring the rate of
advance of a wetling front in the dry soil. Bresler and
others (1978) have shown that

k=027, (16)

where
' k,= saturated hydraulic conductivity, in cen-
timeters per second, and
J=dx/d(t"), which is the slope of the line
relating the wetting-front position and
the square root of time.

The results of both methods are given in table 14. The
sample from 9 m was from a cemented layer for which the
conductivity was measured by shaping a sample to fit a
5-cm tube and sealing the sample in the tube for a
conventional permeameter measurement.

The principal interest in the present application is in
estimating an approximate value of unsaturated conduc-
tivity for the materials below 2 m in the soil-water
potential range of —20 to'—50 bars. Combining equations
13 and 14, a single expression,

k=k{[(h.1a)"' "1 IV}, (17)

can be used to calculate unsaturated conductivity at any
selected value of soil-water potential. Values of unsatu-
rated conductivity in the range of —5 to —50 bars of

a8

W, (<2um fraction) x (14R), where WR is as-

soil-water potential, based on the data given in tables 14/
and 15 and equation 17, are listed in table 15 and shown
in figures 30, 31, and 32.

The computed values of unsaturated hydranlic con-
ductivity appear to be too small, but few other data for
stony soils at such low water contents and large negative
potentials are available for comparison. The study by
Mehuys and others (1975) is one of the few to consider
stony soils in arid environments. Their experiments
included samples of stony soil from Rock Valley in south-
em Nevada, and their calculated values of unsaturated
conductmty for this soil are in the range of 107* to 107°
centimeters per day (cm/d) at“potentials of —5 to ~50
bars. This is up to seven orders of magnitude larger than
the values computed by Campbell (written commun,,
1980) for materials at the waste-burial site (figs. 30-32).
Direct. comparison of values may be difficult, however,
because only 38 percent of the Rock Valley soil was
greater than 2 mm in diameter, whereas most of the
samples from the waste-burial site contained more than

‘49 percent of the coarse-grained fraction, The higher

percentage of coarse-grained material will result in
smaller unsaturated conductivity values for the whole soil.
Consequently, the values of unsaturated conductivity
obtained during this study will be considered reasonable .
until more data for these types of soils become available.
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Table14. Measured and calculated values of saturated hydraulic conductivity and other

parameters for soil samples from waste-burial site"
[Data from Gaylon S, Campbell, Washington State University, written commun., 1980)

Centimeters per day

k ]
ke ke corrected
Depth Sample [sce foot- [see foat~ [see fooe~
{meters) number note 2] note 3] nota 4) n n
0.15 1 1.7x102 1.7x101 1,7x101 2.6 13
.15 2 B.5x10l

1.0 1 3.4x102

1.0 2 2,5x102 1.7x102 8.5x101 2.7 12
2.75 1 2.5x103

2.75 2 6.8x103 4,2x103 1.7x102 2.6 13
4.0 1 6.8x102 5.9x102 4.2x102 2.9 10
9.0 1 1.7x100 - 1.7x100 2.5 16

1symbola: k;, saturated hydraulic conductivity; n and /m, exponents in

equations k = k(WiW,)" and ke k(h./h)", where k is the unsaturated
hydraulie conductivity.

2Measured using standard permesmeter techniques.

inferred from rate of vetting—front advance.

bcomputed as follows:

Table 15. Unsaturated hydraulic conductivity for depths of
2.75, 4.0, and 9.0 m at waste-burial site

[Hydraulic conductivities in centimeters per day. Data from Gaylon S.
Campbell, Washington State University, written commun., 1950]

Dapth, in metars

Potential

{barce) 2.73 4.0 9.0
-5 5,47x10"11 2.18x10~4 1.20x10"10
~10 9.35z10°%2 2.56x10"3 2,24x10"11
=15 3,32410™12 7.81x10-6 8.37x10~12
-20 1.59x10"12 3.27x10-6 &,17x10°12
-25 9,05x10"12 1.66x10-7 2.42x10-12
=30 5.86x10"13 %,57x10"7 1.56x10"12
=35 3.84x10-13 6.00x10~7 1.07x10-12
=40 2,73x10-13 4,00x10~7 7.77x106~13
=43 2.02x10"12 2.80x10"7 5.83x10"13
50 1.54x10"1) 2,03x10~7 4,52¢10713

Geohydrology of the Unsaturated Zone at the Waste-Burial Sie

(k:) x (masz vatio for fraction <2 mm).
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Figure 30. Caleulated unsaturated hydraulic conductivity
versus soil-water potential for sample from 2,75 m.
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versus soil-water potential for sample from 4.0 m. ;
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IMPLICATIONS REGARDING
RADIONUCLIDE MIGRATION

Detailed studies of meteorological data and soil-
moisturc movement in the natural stratigraphic sequence
at the waste-burial site demonstrated that deep percola-
tion can occur, given the required antecedent conditions.
The depth of downward moisture movement observed
from February 1979 to February 1980 was controlled
largely by the coarse-grained layer from about 0.75 to
about 2.5 m. This layer served as a natural capillary
barrier to unsaturated flow (Corey and Horton, 1969;

Frind and others, 1976; Rancon, 1980). A capillary bar- -

rier is formed when unsaturated fine-grained sediments
overlie unsaturated coarse-grained sediments. The down-
ward movement of soil moisture is retarded at the contact
between the two layers. Movement into the coarse sedi-
ments does not occur until the saturation level in the
overlying fine-grained sediments becomes such that grav-
itational forces exceed interstitial tension forces. Such a
barrier does not exist in the backfill material encompass-
ing the radioactive-waste containers in the waste-burial
trenches. The trench backfill is a heterogeneous mixture
of the sediments removed during trench construction. It
still is considered a stony soil, but the hydraulic character-
istics are a composite of the characteristics given in tables
12 and 13. Regardless of the exact character of the
backfill material, no capillary barrier overlies the existing
trenches and nothing is present to retard moisture move-
ment to depths greater than the 2.4 m observed during
this study.

The hydraulic properties of the trench backfill are
expected to vary from place to place, but they probably
are not too different from the properties of the samples
listed in tables 12 and 13 or the properties reported by
Mehuys and others (1975) for the Rock Valley stony soil.
A reasonable range of unsaturated hydraulic conductivity
for matric potentials in the range of —5 to — 50 bars might
be from about 1X10™% cm/d to perhaps as little as
1X107% cm/d. Volumetric water content might be some-
what greater at depth in the trench backfill; in the absence
of field or laboratory data, an estimated range of water
content of 5 to 12 percent might be reasonable, Soil-water
potential in the backfill is not known, but, on the basis of
the measurements shown in figure 29, it is expected to be
in the range of —5 to —235 bars.

Conditions of steady-state unsaturated flow are
unlikely in the trench backfill material. Large potential
gradients are likely near the wetting fronts of successive
deep percolation events. Such fronts are not expected to
occur more frequently in the trench backfill than in the
undisturbed sediments, but the depth of percoiation likely
will be greater because of the absence of a natural
capillary barrier. (Even this infrequent deep percolation
could be reduced by constructing capillary barriers over
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Figure 32. Calculated unsaturated hydraulic conductivity
versus seil-water potential for sample from 9.0 m.

the waste trenches.) Under the circumstances, an estima-
tion’ of unsaturated flow rates in the trénch backfill is
speculative at best. The rate might be as high as 10 cm/d
near wetting fronts, where potential gradients are steep,
but such rates would not continue to significant depths, or
for significant lengths of time.

A detailed analysis of the hydrodynamics of tran-
sient flow in the trench backfill is complicated not only by
lack of knowledge regarding hydraulic characteristics of
the backfill but also by uncertainty regarding discontinui-
ties introduced by the presence of waste containers. Other
hydrologic discontinuities that either promote or inhibit
the movement of moisture include settling fractures that
extend to land surface, settling fractures that do not
extend to land surface, void spaces that originate during

Implications Regarding Radlonuclide Migration 49




the backfill process, and void spaces that develop from
collapse of waste containers at some time following burial.
Given all these complications and uncertainties, a simpli-
fied analysis that assumes ideal conditions is useful to the
extent that it could provide a means for estimating possi-
ble limiting conditions.

An unsaturated hydraulic conductivity of 1X10™°
cm/d and a soil-water potential gradient, ¥/ dZ, of
10,000 cm/cm would give a transient flux rate of 0.1 cm/d.
Assuming that (1) this condition was imposed at land
surface when the oldest trenches were closed in 1963 and
1964 and (2) the supply of moisture at land surface was
sufficient to allow for the continued downward movement
of a wetting front at the rate of 0.1 cm/d, the wetting front
would have reached a depth of about 6 m during the 18-yr
period 1963-80. This depth of penetration is comparable
to the reported depth of the older trenches. The wlume of
water needed to sustain such a flux is not easily deter-
mined without more information on the material and
hydraulic properties of the trench backfill. Even the
minimum volume of water, based on the flux rate of 0.1
cm/d, totals 120 ¢cm®/cm?, an amount far in excess of the
deep percolation that can reasonably by expected on the
basis of the analysis presented earlier in this report. This
would suggest that precipitation infiltrating through the
trench caps since 1963 has not yet percolated deep
enough to reach the bottom of the waste-burial trenches.

Movement of moisture in the region of stecady
unsaturated flow is expected to be extremely slow in the
arca of the waste-burial facility. The depth at which steady
flow finally occurs is not known; soil-water potential data
collected for this study indicate that transient effects may
still exist at a depth of 10 m. The steady flux rate is
speculative, but a value on the order of 1X10™* cm/d in
undisturbed sediments may be reasonable. This implies a
moisture movement rate of about 4 cm per 1,000 yr, which
in turn would represent the maximum rate of radionuclide
transport (disregarding diffusion and dispersion) in the
liquid phase in the zone of steady unsaturated flow
beneath the waste-burial trenches.

SUMMARY OF ANALYSIS
AND CONCLUSIONS

Detailed analysis of climatic conditions and precip-
itation patterns in the northern Amargosa Desert from
1949 to 1976 demonstrates that most of the precipitation
falls in the cool winter months when evaporative demands
are at a minimum. Meteorological data collected at the
waste-burial site during the present study were used to
calibrate a long-term water-balance model based on
National Weather Service data. The model was then used
to determine when and under what conditions, between
1962 and 1976, deep percolation might have occurred.

This approach suggests that deep percolation— that is,
percolation to a depth greater than 2 m—might have
occurred in 1968, 1973, and 1976. Examination of the
precipitation record for the 12 to 16 mo before each -
occurrence of predicted deep percolation defined the
necessary antecedent conditions.

A similar sequence of precipitation events and
soil-moisture conditions occurred in 1978 and early 1979.
Soil-moisture profiles collected from February 1979 to-
June 1980 provided documentation of deep percolation to
a depth of about 2 m during the late spring of 1979, as a
result of these events. These data provide conclusive
evidence of deep percolation in areas of bare soil. Con-
sidering the small volume of water involved (only 0.9 cm in
1979), deep percolation is not likely if vegetation is
present.

Soil-water potential was monitored with thermo-
couple psychrometers to a depth of 10 m. The most
reliable data were obtained at depths of 3, 6, and 10 m,
Seasonal-type fluctuations were observed at all three
depths but are most pronounced at 6 and 10 m. Measured
soil-water potential ranged from — 10 to ~ 60 bars. These
large changes in potential do not imply any significant
change in moisture content; a decrease in negative poten-
tial from -50 bars to ~15 bars can result from an
increase in volumetric water content of less than 1 per-
cent,

The unsaturated hydraulic conductivity of represen- -
tative samples of the shallow subsurface sediments was ,
determined using laboratory data and empirical relation-
ships given by Hillel (1971) and Campbell (1974). The
computed values of unsaturated hydraulic conductivity
range from 107*° to 107* cm/d. These values appear to
be too small, but few other data for stony soils at such Jow
water contents and large negative potentials are available
for comparison. :

A simplified analysis of transient unsaturated flow
in the trenth backfill material demonstrates the probable
slow rate-of migration of radionuclides in response to the
movement of water under natural conditions. The analysis
assumes an unsaturated hydraulic conductivity for the
backfill of 107 ¢m/d and a gradient of 10* cm/cm: the
resulling transient flux rate would be 0.1 em/d. Assuming
that (1) this flux condition was imposed when the oldest
trenches were closed in 1963 and 1964 and (2) the flux
rate was maintained at land surface, the wetting front
would have reached a depth of 6 m in the 18-yr period
1963—80. This depth of penetration is comparable to the
reported depth .of the oldest trenches. However, the
volume of water needed to sustain this flux rate, while not
casily determined, is estimated to be several orders of
magnitude greater than the volume of water expected to
be available for deep percolation on the basis of long-term
water-balance determinations, Steady flux rates in the
unsaturated zone beneath the waste-burial trenches and
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below a depth of 10 m may be on the order of 10™* cm/d,
which implies a moisture movement rate of about 4 cm
per 1,000 yr Disregarding transport by diffusion and
dispersion, this value would represent the maximum rate
of radionuclide movement in the liquid phase, under
steady, unsaturated conditions.
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TABLES 16 AND 17




Table 18, Drillers log for well at waste-burial site*

Depth
{meters) Material
0.0-0.6 Silt. Probably wind-blown dust.
+o6~1.5 Coarse gravel with some eilt.
1.5-9.1 Coarse gravel with some boulders. .
9.1-13.7 Fine gravel with large boulders. Boulder bed at 1.7 weters.
13.7-30.5 Coarse gravel with some boulders and sand.
30.5-31.0 Boulders in coaxse gravel.
31.0-32.6 Bouldery clay.
32.6-35.6 Bouldery clay; about half clay.
35.6-44.8 Small gravel with brown sandy clay.
44,8+45,1 Boulders in brown sandy clay.
45.1-47.8 Boulders with soae clay.
47.8-49.0 Bouldexrs and gravel io orange clay.
49.0-52.1 Orange clay.
52.1-55.1 Reddish-orange clay.
55.1-60.6 Cored in bentenitic red and erange clay, Ho cora recovery.
60,6-61.5 Cored, No core recovered. Brown clay frouw bit.
61.5-62.3 Cored. No core recovered. Conmiderable brown clay froa bit,
62.8-71.6 Clayey gravel, with boulders, brown clay, and small gravel at
71.6 nmeters.
71.6-78.6 Fine clayey gravel. Pinkish clay.
78.6-80.8 Gravel and bouldere with but lictle clay.
80.8-83.5 Brown and yellow clay wvith some gravel.
83.5-85.1 Cored. Recoverad 1.8 meters of light brown clay.
85.3-92.0 Brown clay with occasional boulders.
92.0-93.9 White and brown bentonitic c¢lay with layers of bright-yellow clay.
93.9-98.5 ‘Brown swelling clay with some gravel. Mostly clay from
80.8 to 98.1 meters.
98.5~98.8 Boulders in brown sandy clay.
98.8-99.4 Yellow clay.
99.4-103.6 Boulders but with little clay. Possible water zonas.
103.6-106.4 White to brown clay. White argillaceous carbonate rock alterad
to elay,
106.4-108.5 White carbonate rock, Largely altersd to clay from 108.2 to
108,5 meters.
108.5-112.1 Bouldery brown clay.
112.1-112.8 White clay, brown clay, and small gravel.
112.8-117.0 Dark volcanic boulders with brown beatonitic sandy-clay.
117.0-123,7 White carbonate rock somewhat altered to clay.
123,7-129.5 Greenish-brown clay, some boulders.
129.5-132.6 Whits carbonate rock and white clay.
132.6~135.6 Boulders in red clay.
135.6-142.3 Hard bouldars with gravel in dark-red clay. Volcanic rocks.
142.3-144.5 Boulders and clay. Red clay at 143.9 ceters.
144.5-148.7 A variety of boulders with but little clsy. A possible source of
waLer,
148.7-153.0 Hard boulders in brovn and red sandy clay.
153.0-161.2 Pinkish-brown clay with sand and occasional bouldars.
161.2-166.1 Bouldars in pink and light-brown clay. Some sericiric rock.
166.1-168,5 EBoulders in clay. Some roundsd gravels,
168.5-172.8 Boulders in brown clay, Yallow clay and small gravel at
171.0 maters.
172.8-175.0 Light gray metamorphic rocks. Large boulders or possibly basement

rock.

1 vy, P. Gianella, consulting geologist, written commnication, 1961,
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Table 17. Description of samples obtained from well drilled at waste-burial site’

Depth
(metecs) Description

0.0-0.6 Silt. Probably wind-blown dust.
1.5 Cosrse gravels and silt, Volcanic rocks, andesite, basalt, and

rhyolite.

3.0 Pominantly volcanic rocks, some quartg.

7.6 Volcanic gravel with some quartz and chalcedony.

20.4 Volcanic gravels. Somewhat sltered and silicified.

30.5 Gravels of volcanic rocks.

32.6 Mostly gravels of volcanic rocks and some quartz.

35.6 Volcanic gravel, partly well-rounded.

44,2 Largely rhyolitic gravel. Some quartzite.

44,8-45.1 Gravels of volcanic rocks and quartrite.

48.7 Volcaniec rocks, altered volcanic rocks, and some quartz.

52.1 Two-thirds volcanic rocks and about one-third schist, with some
wvell-rounded pebbles.

55.2 Volcanic rocks, quarczite, schist, quarte, and chalcedony. A few
well-tounded pebbles.

61.6 Pebbly orange clay from coring bit, Well=rounded pebbles of
voleanic rocks. (Kote change to volcanics with no sedimentary
or metasedimentary rocks.)

62.8 Light brown clay from coring bit with about 5 percent sand.

68.3 Cuttings douinantly volcanic rocks with some quartzite and
chalcedony.

76.2 Fine clayey gravel. Gravel chiefly of volcanie rocks with some
quartzite, schist, and quartz.

8l.4 Yellow to light-brown clay.

84.1-84.4 Light-brown clay from core bsrrel. Contains little sand.

85.3 Brown sandy clay from core barrel. Contains about 10 percent fina
to coarse sand. Some grains are well rounded.

93.3 White, brown, and yellow bands of bentonitic clay. Contains a
little gravel from volcanic rocks.

105.5 White to brown benteonitic clay with boulders. Cuttings are mostly
white and pink silicified felsitic rock.
108.5 White altered rock with white clay--a carbonate rock, probably

an impure freshwater limestone. Also cuttings of dark-colored
limescone, volcanic rocks, and some quartsite.

117.0-117,3 White clayey rock continuous from 108.5 meters. Much white
clay. Cuttings ave from a white clayey-carbonate like that in
sawple No. 23,

135.6 Dark red sandy clay cuttings of dark volcanic rocks. Somea small
rounded pebbles of dark gray volcanic rock. Some gray schist,
quartezite and ocoasional quartz. A marked change from vaxple
Ro. 24, :

142.3 Voleanic boulders in light=colored red elay. Cuttings of dark
red volcanic rock and soma gray quartzite. Some rounded
gravels.

144.2 Cuttings of light- and dark-colored volcanic rocks. Very little
red voleanic rocks as at 142.3 meters. Some schist and
quartz. Many small roundad pebbles.

146.9 Cuttings of light and dark volcanic rock. Scome light-colorad
volcanics, quartzite, and quartz. Rounded pebblas.

147.3 Cuttinge like those from 146.9 meters.

153.0 Cravel and red clay. HMostly dsrk red voleanics, vith some
rhyolite and rounded pebbles.

155.7 Volcanic rocks, schist, and other metesediments. Fine gravel
embedded in red clay.

158.2 Light-colored volcanic rocks with much schist snd quartsite.

161.2 Dark pink clay recovered from bit. The clay coutains aboyt

5 percent fine sand grains of schist, quartzite, and quarts.
Some grains are well-rounded,
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Table 17. Description of samples oblained from well drilled at waste-burial site’—

Continued
Depth
(meterg) Description’
161.5 Light and dark voltanic rock, quartrzite, quartz, and some
schist. ’
163.1 Cuttings are mostly quartzite and schist, with little volcanic
rock.
166.4 Cuttings consist of about equal amounts of light and dark
volcanic rocks, schist, and quartrite.
167.0 Light=brown clay with pebbles. Volcanic rocks, schist, and
well-rounded pebbles.
168.2 Cuttings of light and dark volcanic rocks, schiat, and quartzite.
172.2 Reddish clay with pebbles of schist and some volcanic rocks.
172.5 Schist and quartzite predominate, with some volcanic rocks.
174.9 Mostly sericitic schistose rock:. Either large boulders or

possible basement rock.

1 vy, P, Gianella, consulting geologist, written communication, 1961,

56  Geohydrology at the Burlal Slte for Radloactive Waste, Nye County, Nev.



METRIC CONVERSION FACTORS

Intermational System ({metric) units of measure used in this report may be converted to “inch-pound” units by using the following

factors:
Muitiply By To obtain
Centimeters (cm) 0.3937 Inches (in)
Centimeters per day (cm/d) 0.3937 Inches per day (in/d)
Cubic meters per second (m¥/s) 35.31 Cubic feet per second (ft’/s)
Grams 0.03527 Ounces
Grams per cubic centimeter (g/cm®) 62.43 Pounds per cubic foot (1b/ft%)
Kilometers (km) 0.6214 Miles (mi)
Meters (m) 3.281 Feet (ft)
Millimeters (mm) 0,03937 Inches (in)

For temperature, degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) by using the formula F=[(1.8)(°C)]+32.

ALTITUDE DATUM

The term “National Geodetic Vertical Datum of 1929” replaces the formerly used term “mean sea level” to describe the
datum for altitude measurements. The geodetic datum is derived from a general adjustment of the first-order leveling networks of
both the United States and Canada. For convenience in this report, the datum also is referred to as “sea level.”

* g, GOVERNMENT FAINTING OFFICE: 1387 - 201933 - $16/40081
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- RUNOFF ESTIMATE FOR 100-YR, 24-HR STORN
LOW-LEVEL RADIOACTIVE WASTE DISPOSAL FACILITY
BEATTY, NEVADA

PARAHMETERS:

1) Contributing Drainage Area = 56 Acres = D,0875 SQ. MI.
2} 100-YR, 24-HR RAINFALL = 2.60 INCHES

3) Longest Flow Path Through Site = 1320 FT. ( ¢)

4) Average Land Stope = 0.75 percent

5) For worst case, use AMC II condition
(0.5 to 1.1 in. of rain in previous 5 days)

6) Due to construction, land characterized as fallow, poor hydr. cond.
For parameters 5) and 6), Runoff Curve No. (RCN) = 77
COMPUTE TIME OF CONCENTRATION (7 )

L(asi = 2 s+ 1)’

1900 (v) °
C 1000 4 o 1000 qn
5= 1000 -0 =1990 -0 - 208
. B 7 4
1900 (.75)
T, = L/0.6 = 0.5 _ p.83
0.6
RUNOFF

QRCH = 77 = 0.80 IN. OF RUNOFF FOR 2.6 IN. RAIN.
COMPUTE PEAK FLOW OF RUNOFF

REF: SCS ENGR 20 (REV 2)

PK. = (DA) (@) (CSM) .
USE CHART TC = 0.75 HRS, Ty = 0 HRS.

CSi1 = 389
PK FLOW = (0.085) (0.81:) (389) = 27.2 CFS
FOR 56 ACRES, THIS EQUATES TO 0.49 CFS/AC.
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COMPUTE PEAK FLOW OF RUNOFF

REF: SCS ENGR 20 (REV 2)

PK. = (DA} (Q) (CSH)
'USE CHART T_ = 0.75 HRS, Ty = O HRS.

CsM = 389
PK FLOW. = (0.085) (0.80) (389) = 27.2 CFS
FOR 56 ACRES, THIS EQUATES TO 0.49 CFS/AC.

ROUTE FLOW THROUGH THE THREE DRAINAGE SWALES WHICH PROVIDE DRAINAGE TO
THe SOUTH

WESTERN DRAINAGE SWALE

DRAINAGE ARCA APPROX. V5 ACRES
FLOW (Q) = {15 AC)} (0.49 CFS/AC.) = 7.4 CFS

BY MAP INSPECTION, SWALE APPROX 15' WIDE (b). ASSUME VERT SIDESLOPES.
SLOPE OF SWALE (STEEPEST FOR VELOCITY DETERM.) = 0.6 PERCENT (S) USE
MANNING COEFFICIENT (R) = 0.035 TO SAND/GRAVEL SURFACE

K
Qi 2667 0.5
1 Qn (7.4) (.035) i
K = - = 0.00246
bZ-867 50-5 — (15)2:887 ( g6y -0

D/b = 0.0216 INTERPOLATED FROM TABLE 7-11, HANDBOOK OF HYDRAULICS, King &
Brater

FLOW DEPTH (D) = (0.0216} (15) = 0.32 FT.

AREA (A) = 15 (0.32) = 4.8 FT?
FLOW VELOCITY (V) = Q/A = 7.4/4.8 = 1.54 FT/SEC

CENTER SWALE

DRAINAGE AREA = 18 ACRES

Q = {(18) (0.49) = B.8 CFS

b = 15 FT. (APPROX.)

S = 0.7 PERCENT

R = 0.035

k! - {8.8) (.035) - 0.0028]

(15) 2-567 (g_go7) -3

D/b INTERPOLATED FROM TABLE 7-11 = 0.0234
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D = (15) {0.0234) = 0.35 ET.
A = (15) (0.35) = .25 FT
V = B.8/5.25 = 1.67 FT/5EC

EASTERN SWALE

DRAINAGE AREA = 23 ACRES
Q = (23) (0.49) = 11.3 CFS

b = 25 FT (APPROX)
S = 1 PERCENT :
R = 0.035
1 (11.3) (0.35)
K' = = 0.000739
(25) <-%%7 (0.01)°3
D/b = 0.0104
D = 0.0104 (25) = 0.26 FJ
A = (25) (0.26) = 6.5 F1
V =11.3/6.5 = 1.74 FT/SEC.
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Table 2.2] Definition of Antecedent Condition.

5-day Antecedent Rainfall

in_inches
Dormant Growing
Condition General Description Season Season
1 Optimum soil condition from about lower <0.5 <1.4
plants limit to wilting point
I1 Average value for annual floods 0.5-1.1 1.4 - 2.1
111 Heavy rainfall or light rainfall and low >1.1 >2.1

temperatures within 5 days prior to the
given storm

Table 2.22 Factors for Converting CN's to Antecedent Condition

Curve Number Factor to Convert Curve Number
For for Condition 1] to

Condition 1] Condition ] - Condition II]
10 0.40 f-gg
20 0.45 1.67
30 0.50 ]'50
40 0.55 1.40
50 0.62 1.30
60 0.67 1.21
70 0.73 1'14
80 0.79 1.07
90 0.87 1'00
100 1.00 Y~

From SCS-TR-55
Retyped for Clarity
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Yable 9.1.--Fonoff curve nmubers for Lydrols

(Antecedent voisture condition II,
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5ic coil-cuver eiieRes

gnd 1 = 0.2 5)

Cover
lend use Trectrent Hydrologic, Rysrolozie soid froup
or practice .econdition A B C
Fallow Sireisht Tow ‘om-- 17 B85 ol .91* '
Rov crops " Puor 72 g1 83 ul
" Good 67 T g5 &3
Coniouved Four (0 19 8y &8
" Good 65 5 g2 85
v"end terraced Poor 66 T4 g B2
wow oo Good 62 T 718 8
Small Straight rovw Poor 65 116 & B8
grain Good 63 T 8 087
Contoured Poor 63 T4 g2 8
Good & 173 & 8
"end terraced Foor 61 12 79 82
Good 59 70 8 &
Close-sceded Straight row Poor 66 17 8 89
legumes 1f " " Good s8 T2 & 8
or Contoured Poor (31 15 85 B8
rotetion " Good 55 69 8 83
meadow . Mand terraced Poor 63 ) 8 &
"snd terraced Good 51 67 76
Pesture Pobr, 68 19 85 &9
or renge Tair Y9 (o 19 B:
Good 29 61 T £o
Coriovred Poor. 47 67 &1 83
" - Fair 25 29 B 83
" Good 6 5 T 19
Maedod Goond 30 58 ‘1 178
Woods Poor s 66 71T 63
Fair 3% 60 73 19
Good 25 22 11
Farnsteuds _ ——-- 59 Th B2 &6
Roeds (adirt) 2/ - T2 82 & 89
| (hara surface) 2/ - Y 8s 0 92

y Close.drilled or ‘brozécest.
2/ Includirg right-of-vay.

From SCS NEH-4
Hydrology

Y
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PRI

/7

RUNOFI FOR |‘n(:1;r.s OF RANFALL

(Curve Re. 77} ,

v ~~—""100 | 01 [ 02 | 03] 04 05 06! 0708709

0 .00} 0.00{ 0.00] 0.069] 0©.00| 0.00 _o.oo! 0.00] 0.01] o0.03

1 0.05| 0.07| ©0.10| 0.14| 0.18] 0.22| 0.26] 0.30{ 0.3%! 0.39

2 0.b5| 0.50| 0.56] c.62] 0.68] o0.74%] 0.8%] 0.85] 0.93] 1.00
3 1.07{ 1.14| 1.23| 1.28] 1.35| 21.43] 1.%0] 1.57] 1.65| 1.73
4 1.81 1_.89 1.97| 2.05] 2.13] 2.21] 2.29] 2.37|] 2.45] 2.53 '
D 2.62| 2.70| 2.79| 2.B7) 2.95; 3.C%] 3.13| 3.22} 3.30| 5.39 i
6 3.58 iié‘_jﬁ.'f:?_rl 4| 3.830 3.92| L.oo| 4.03 18| dp7

7 k.35] L.45( boou] b.63) b.7e| L.B1| L4.9o] 5.00[ 5.¢9] 5.18
8 5.271 5.36| 5.450 5.55 5.64] 5.73| 5.82| 5.92] 6.011 6.10
9 6.19] 6.29] e.38] 6.47) 6.57) 6.66] 6.76] €.e5] 6.8 7.04
_ 10 7.13 | 7.23} 7.32) 7.%2| 7.51y 7.60| 7.70] 7.79| 7.83| 7.98 ;
11 8.08] 6.18| 8.27] 8.37| 8.46| 8.55| 8.65| 8.75! 8.8:| 8.cu f
12 - | so3l g13] 9.2z 932! o] s 9.6l 9.71] 9.51 g_c&?
_.. A3 __|3.90]12.08; 20 .19_ _20.78{ 10.37] 10.47; 10.57| 10.67{ 10.77} 10.85 !
34 Ja0.g8ino06f 1135 1,25 11.35) 2150 1356 11.68] 31,75 11.85 '
_ 15 fam i eae| ver) sae] 1] wes az.6 1207 180 |
16 _1_';:_:_{:- _1;_._09[13 101 13.19; 12.28| 17.38) 13.L8] 13.58]| 13.67] 13.77 '
17 13.87 | 13.97| 1k.07] 14.17) 1k.26] 14.36| 1k.46] 21k.55) 1b.650 1L,75 !

18 14,85 24.951 15.05] 15.15 15.2h 15,34 | 15,46) 15.54] 15.6%| 15.73
19 15.83 [ 15.93{ 16.03 | 16.12 _i.s.ee 16.32| 16.k2| 16.51] 16.61] 16.71
20 16.24 | 16.91| 17.01 ] 17.10] 17.20| 17,30 17.ko| 17.50{ 17.60| 17.69 '

2
TE: ltunol! veluz delermined by equation Q = p-025s

i (P U 2rclozy Guide

ExenaE

'l . e

”~

-

- inches rainfyt] = e

P+0OBS

inzhes runcfd,

~N

~
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UNSATURATED-ZONE INSTRUMENTATION IN COARSE ALLUVIAL DEPOSITS
OF THE AMARGOSA DESERT NEAR BEATTY, NEVADA

David S. Morgan and Jeffrey M. Fischer
U.S. Geological Survey, Carson City, Nev.

ABSTRACT

An unsaturated-zone monitoring shaft near Beatty, Nev.,

js 1.52 m in diameter and penetrates nearly 14 m of
unsaturated fluvial sediments. These sediments comprise
silty sand, coarse sandy gravel, and poorly cementec sand,
with gravel and scattered cobbles and boulders. Thirty-
three lateral ports at 11 levels between 3 and 13 -m deep
allow access to undisturbed sediwents putside the vertical
chaft. The prefabricated metal shaft was emplaced in a
2.44-m-ciameter hole excavated by using a crane drill with
bucket and filight augers.

Laboratory-calibrated thermocouple-psychrometers are being
used to measure soil-matrix potential. A method of instal-
1ling the psychrometers was developed that allows their re-
trieval, after extended periods in the soil, for cleaning,
recalibration, and reinstallation. Primary access holes

2.5 cm in diameter were drilled laterally outward from the
monitoring shaft to a distance of approximately 4 m. The
psychrometer was then inserted into the primary access hole
and sealed into a smaller diameter boring in the undisturbed
material at the outer end of the primary access hole.

Data are collected and stored by programmable measure-
ment control and data-logger system powerecd by photovoltaic
cells. Magnetic-tape data storage js used to back up daily
data vetrieval via telecommunication with the project head-
quarters in Carson City, Nev., 520 km north of the study
site.

INTRODUCTION

The first commercially operated burial site in the United States for
low-level radicactive waste was opened in 1962 near Beatty, Nev. Prior 10
1962, waste was either disposed of at sea or buried at federally operated
cites. Burial in shallow trenches is widely considered to be the most viable
means of isolating low-level radicactive waste from the biosphere because it
js a relatively inexpensive and somewhat effective means of keeping radic-
activity from becoming a public hazard. The effectiveness of waste jsplation
by shallow burial depends on a number of factors, including: waste type and
form, trench-cap engineering, anc local hydroloyic and geologic conditions.
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The most universal threat to burial-site integrity is_poscc by weter,
which may infiltrate the trench cap and transport radionuclides away from
the site in the subsurface, or ervde the site and transport radionuclides
in surface water. Recoqnizing the importance of water to the long-teri
stability of radionuclice containment, emphasis has been placed on locating
sites in arid areas where maxinum retiance may be placed on the natural
system to provide contaimment (1). WNo complete, fully accepted and testec
guidelines or criteria exist for siting disposal facilities in an arid
environment.

Evaluation of the Beatty site and other existing or propcsed burial
cites in arig regions depends on the development of reliable methods of
collecting data within the unsaturated zone that will allow deterwipation of
the rate and direction of soil-water moverent. The geologic and hydrologic
conditions at the Bezstty site present serious cbstacles to the collection of
good-quality data. Secinents throughout rost of the 85-m-thick unsaturated
zone are extremely dry and heterogeneous anu contain pebbles and cobbles.
Conventional soil sampling anc measuring techniques cannot be applied
without nodification.

ORJECTIVES AND SCOPL

Determiination of the suitability of the existing site and the devel-
opment of criteria for future site selection are the long-teri objectives
of this study. Successful conpletion of these goals depends on our ability
to estimate the downward rates of soil-water moverment in heterogeneous
scils. These rates will suggest the maximum rate of racicactive-solute
transport in the unsaturated zone and the waximun volunie of water availatle
for leaching within the trenches. The prereguisite pbiective thus becomes
+he development of suitable jnstrunentation anc sampling methocs.

The purpose of this paper js to describe methods of installing
jpstrumentation anc measuring soil-metrix potential that arc being evaluzted
at an experimental site adjacent to the Beatty waste-disposal site. AL this
stzoe, the research is designed to determine if instrumentaticn technigues
can be developed for the unsaturated zone in coarse desert alluviur anc
whether the inctruments can be used with conficdence. Described beluw ere
the cesign, construction, anc initial instrusentation of a vertice]l monitor-
ing shaft that penetrates the upper 12.7 w of variably saturatec sedinenis.
L method of installing thermocouple~psychrorieters that allows their future
removal for inspection, recalibration, and eventuel re-installation is
presented. The Success of the installation-anc-retrieval procedure is
critical for evatuating the reliability of psychrometer measurenents over
extended periods of time. '

L OCATION AND HYDROGEOLOGIC SETTING

The low-level raciocactive waste burial facility is on the Auaryusa
Desert 17 km southeast of Beatty and 1063 ki northuest of Las Vevas, Nev.
(figure 1). The sonitoriny shaft is approximately 50 m south of the
sputhwest corner of the burial site.
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The Amargosa Desert lies in a northwest-trending valley that is about
13 ki wide near the waste-cisposal site. The south-flowing Amargosa River
js the main drainage in the valley, but it is dry most of the vear except
along a short reach mear Reatty where it is fed by springflow. Sparse
vegetation covers the gently undulating valley floor, which is dissectec by
a number of shallow, dry washes. Most of these washes are tributary to the
Amargosa River.

The Amargosa Desert is one of the more arid arcas of the United States.
Mean annual precipitation ranges from 11.4 cr/yr at Beatty, to 7.4 cm/yr at
Lathrop Wells. Seasonal, annual, anc spatial variation can be consicerable.

Carbonate and clastic sedimentary and wetasedimentary rocks fori the
wountain ranyes bouncing the Amargosa Desert. The valley floor is under-
lzin by at least 170 i of unconsolidated to weakly induratec alluvial-far,
fluvial, anc playa deposits (2). Approximately 85 m of mostly unsaturated:
sediments uncerlie the burial site. Mineraloyic anc stratigraphic evidence
strongly suggests that the poorly sorted mixture of boulders, gravel, sand,
silt, and clay within the upper 30 i at the waste-burial site is primarily
of fluvial origin (3). Below a depth of 30 i, lake- ano debris-flow
deposits predominate anc aravel is less pervasive.

The material within the upper 15 m is horizontally stratified with
‘extrece variation in texture. Some strata consist of mecium sand or loary
sand within which 95 percent of the clasts are estimated to be less than
2 m= in diameter. Other strata consist of approxinately 90 percent gravel
in a lpamy-sand .atrix. Much of the gravel is 1 to 10 cm in cianeter (a).
The naterials below 2 m are compact, firm to roderately harc when dry, anc
non-calcareous, suggesting silica cementation. Above a depth of 2 m, the
materials are completely unconsolicdated cue to a composition of approxi-
mately 90 percent gravel (1-5 cm) in a matrix of fine s5ilt and clay.

The saturzted ground-water flow systei is poorly uncerstood in the
northern Amargosa Desert cue to the scarcity cf deep wells. A carbonate-
rock aquifer (5) underlies rmost of the Nevaca Test Site and the southern
trargosa Desert, anc it is presuied to underlie ruch of the northern
frargosa Desert, including the valley fill at the monitoring shaft. The
regional hydrauiiC gradient in the area js to the southeast (references 3
and 5, and data from twC Ceep Geological Survey exploratory wells within
3 wa of the monitoring shaft).

Very dry conditions prevail throughout wost of the unsaturatec zone.
Volumetric moisture contents of s0il within the upper 4 m ranging frow 4 to
10 percent were determined by Nichols (3) by using stancard oven-crying
techniques. At depths as great as 42 1, voluwmetric noisture contents
ranging from 4 to 17 percent have been measured (6). The effects of
existing organic matter on these measurements 1s unknown but probably
minimal. Additional data froii Nichols show that soil-matrix potentials
between 3 and 10 m below land surface range frow -1C bars to =70 bars.
Water budgets developed by Nichols demonstrate that a potential exists for
deep percolation (despite high gvaporative demands) if the soil-moisture
deficit is partly catisfied by proper antecedent conditions.
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DESIGN AND INSTALLATION OF THE MONITORING SHAFT

The 13.7-m monitoring shaft was designed to allow access to an
undisturbed vertical profile within the unsaturated zone. A vertical drill
hole above a buried instrument could greatly alter the natural moisture
conditions even if carefully backfilled. By installing the instrumentation
through holes drilled laterally from the monitoring shaft, disturbance of
the vertical soil column above the measuring point was avoided.

The metal shaft, which is 1.52 m in diameter and 14.3 m long, was
prefabricated by 2 contractor and shipped by truck to the study site. The
monitoring shaft is shown in cross-sectional and plan views in figure 2.
Three access ports are located at each of 11 levels between 3 and 13 m below
Yand surface. The three ports, of 30-cm dianeter, radiate outward within a
90-degree quadrant of the monitoring shaft at each level (figure 2).

A crane drill equipped with both bucket augers and flight augers was
used by the contractor to excavate the hole for the metal shaft. A pilot
hole was first augered to full depth and subsequently enlarged by alter-
nately using the flight augers and bucket augers to ream and clean the hole
out. Surface casing 2.44 m in diameter had to be used to prevent the upper
2.4 m of loose, gravelly meterial from caving. The final diameter of the
hole below the surface casing was approximately 2.1 m, which left an annular
space of about 0.3 m between the hole wall and the outside of the metal
shaft. After the metal shaft was lowered into the hole, the annular space
at each access port was bridged by a horizontal 30-cm length of casing which
was driven through 2 30-cm diameter hole in the shaft wall until it abuited
the hole wall, and was then weldec¢ in place {see figure 3). Finally, the
remaining annular space was filled with clean, dry sand. Where the sand
backfill was exposed at land surface {between the edge of the surface casing
and the outside of the shaft) it was sealed with a layer of concrete B-10 cm
thick to retard infiltration.

Five detachable, hinged work platforms are located at approximately
2.7-m intervals within the shaft. Movement between the platformns and the
access ports is facilitated by two aluminum ladders on opposite sides of the
chaft. The two ladders may also be used to support a small scaffolding at
levels between platforws. The casing ranges in thickness from 0.635 ¢m in
the upper 11.3 m to 0.794 cw in the lower 3.0 m. Wkhen workers are in the
shaft, ventilation is supplied via a duct of 25.4-cni dianeter whick is oper
at the bottom of the shaft and connected at the top to & 50-mi/min blower.
The shaft is covered at the top by a domed roof of 2.44 m in dianeter.

The edges of the roof are turned up to intercept precipitation that might
otherwise result in greater-than-normal infiltration rear the shaft.

The intercepted precipitation is allowed to evaporate or it may be manually
drained from the roof. The diameter of the roof is approximately the same
as that of the area disturbed by installation of the shaft; thus, only the
precipitation which would otherwise fall on this area is intercepted.

A hatch in the domed roof provides access to the shaft. The entire donie may
be removed if neccessary, however, to lower large pieces of equipment into
the shaft. Heavy equipment, such as the drill used to construct the lateral
holes, was lowered into the shaft using an electric winch anc a tripod over

the shaft.
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Figure 2. Cross-sectional and plan views of the vertical monitoring shaft.

An uncdisturbed area was maintained on one side of the shaft site where
no foot or vehicle traffic was allowed. When installed, the monitoring
shaft was oriented with the access ports facing this area so that mpisture
movement under conditicns of natural vegetative cover and soil compaction
could be studied. A 23-m by 38-m rectangular area surrpounding the shaft was
enclosed by a cyclone fence to discourage vandalism and preserve the natural
vegetation and soil-surface conditions.
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Access poris are utilized independently to monitor lateral and vertica)l
spil-water novement within the undisturbec profile, under experimental anc
natural conditions. The_insta]lation of thermocouple-psychrometers
described in this paper is restricted to one of the three coluims of ports.
The drilling procedure and technique for completing and instrumenting the
lateral holes is described in the following section.

INSTRUMENTATION -

Instrument recoverability was an important objective in designing a
method of installation. Previous studies have shown that the reliability
of thermocouple-psychrometers can be poor in the field (7). Perhaps more
jmportantly, the calibration curve of psychrometers can shift after lengthy
exposure to soil moisture and corrosive salts; this makes recoverablility
essential so that calibration curves way be checked in the laboratory and
field data verifiec.

Perturbations of the matural soil-temperature conditions can be
significant necar the monitoring shaft. Lateral temperature gradients
and seasonal variations induced by a similar monitoring shaft have been
measured at distances as much as 1.8 m from the shaft wall (E. P. Weeks,
U.S. Geological Survey, oral commun., 1983). Geohydrologic conditions at
the site studied by Weeks are closely similar to those found at Beatty.
These temperature effects can cause alteration of the soil-matrix potential
(8). The effects of temperature variation have been minimized at the Beatty
site {1) by drilling the lateral access holes well beyond the probable range
(1.8 m) of significant temperature variation induced by the shaft, (2) by
backfilling the annular space arounc the shaft with sand, which acts as @
thermal barrier, and (3) by filling the access ports with an insulating foam
seal.

Bccess to undisturted soils adjacent to the monitoring shaft was
gained by first drilling @ 5-cm-diameter primary access hole to 2 distance
of approximately 4 m froin the inner wall of the shaft. The holes were
drillec¢ using an air-powered blast-hole drill with flush-joint drill pipe
and a diawond-impregnated casiny shoe. Air was used as a circulation fluid
so that no liquid was introduced during the drilling process; the circula-
tion air, as well as the air needed to power the drill, was supplied by &
compressor of 17-m3/min capacity. This drilling method produced good
results because the high torque of the drill allowed continuous rotation
even when loose gravel and cobbles lodged between the hole wall and the
drill pipe. Also, a large volumne of air was available to force the rock
fragnents out of the drill hole.

At each access port, the 30-cm-diameter pipe that bridges the annular
space was filled with a 20- to 25-cm-thick “plug" of polyurethane foan
sealant. This seal serves two purposes: 1t prevents surface caving when
the primary access hole is drilled, and it helps to thermally jsolate the
chaft interior from the adjacent soil.

1f Jeft uncased, the lateral holes would collapse, making it impossible
to remove instruments without damaging them. To insure that the instrucients
could be recovered from the loose, unconsolidated soils, the primary access
holes were completed with flush-coupled PVC (polyvinyl-chloride) casing of
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2.64-cm inside diameter {ID). With the drill pipe still in place after
drilling outward to a cistance of 4 m from the shaft wall, the PVC casing
was inserted through the drill pipe and the drill pipe was then withdrawn.
The annular space between the PVC casing and the hole wall was then sealed
with polyurethane foam. The foam was forced through a small-diameter tube
jnserted into the annulus. The tube was slowly withdrawn as the injected
foam expanded to fill the annular space and provide a hard, airtight,
thermal;y insulating seal. A cowpleted primary access hole is shown in
figure 3. :

Once a primary access hole was completed, an approxiwately 8.5-tm-
diameter hole was drilled 10 to 15 cm beyond the end of the PVC casing to
house the psychrometer in the previously undisturbed soil. A 2.54-cn- |
diameter PVC plug was glued into the end of the PVC casing {see figures 3
and 4) prior to installation. An jnverted cone-shaped depression in the
outer end of the plug (figure 4), which reduces to a diameter of 10 mm, ‘
acted as 2 centering guide for the 9.5-mn-diameter masonary drill bit, and
later for the psychrometer assembly. Drill cuttings were removed with a
vacuum hose. :

To install the psychrometers it was neccessary 1o mount them in
semirigid, 9.5-mm-diameter plastic tubing. The psychrometer base was sealed
tightly into the end of the tubing, leaving only the tip exposed. The wire
leads are protected within the tubing, which extends back to the shaft -
jnterior (figure 4). Tubing and psychroneter fit snugly into the S.5-mn-
diameter psychroneter hole at the end of the PYC casing. In addition to
protecting the psychrometer and wires, the rigid tuting allows the
psychrometer to be pushed into place during installation or pulled out for
maintenance. Another PVC plug was placed on the tubing approximately
16-20 cm from the psychrometer tip. The inside enc of this plug fits
precisely into the jnvertec¢ cone-shaped depression in the centering plug at
the end of the PVC casing. Together they forin @ tight seal between the
psychrometer hole and the primary access hole. A rubber O-ring between the
two plugs helps to insure the integrity of this seal. The seal was tested
by pressurizing the PVC casing.

Psychrometric measurements were made in the field and in the laboratory
during calibration using 2 proyrammable measurenent-control and data logger
system. In the field, the system is powered by photovoltaic cells anc 2
rechargeable battery. The telecommunications capability of the system
allows remote data retrieval, reprogramiing, and function checkiny frow the
project headquarters 520 km north in Carson City, Nev.

A11 psychrometers were calibrated in the laboratory before installation
in the field. Many factors influence the electromotive force output of a
psychroweter. Due to the minute size of the manufactured components, no two
psychrometers have exactly the sawe chamber and thermocouple geonetry. More
importantly, the psychrometer output and the soil-matrix potential both vary
with temperature in a highly nonlinear manner (9). For accurate results,
each psychrometer must be calibrated for the range of temperatures anc
matrix potentials likely to be experienced in the field. All psychroieters
used in this study are of the screen-caged, Spanner type. They were
calibrated by using the procedure described in (). Test tubes wert 1ined
with filter paper saturated with potassium-chloride solutions representing
matrix potentials from -8 to -75 bars (10). Each psychroweter lead was
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fitted through One hole of a two-hole rubber stopper, which was then firmly
jncerted into the test tube. The second hole was left open to prevent the
development of pressures greater than atimospheric within the calibration
chamber. The entire test tube was waterproofed with a silicon sealant, as
<hown in figure 5, then placed in a constant-temperature water bath and
allowed to equilibrate for at least 10 hours.

iflicons seolont

YHH

‘J/Rubber siopper

| — Pressure -relinf tubs

/Fiychromuer wire

/Test tube

/Fmer paper
- (soluroted with KCl solution)

' 1 /Psychromulr

Figure 5. Schematic cross-sectional view of psychrometer
calibration chamber.

When equilibrium was achieved, water-potential peasurenents were made
using the Peltier effect (10). A 5.milliamp cooling current was applied for
30 seconds to condense water on the thermocouple junction. Five seconcs
“after the cessation of the cooling current, readings were taken. Each
psychrometer was meacured at five temperatures (between 5° and 25°C) and
five matrix potentials (between - and -75 bars), for a total of 25 measure-
ments. Measurements were repeatec hourly for 14 hours at each tewperature
and potential. A typica1'calibration curve is shown in figure 6. The
largest variance from the mean was * 0.06 microvolt. As shown in figure 6,
the variation in microvolt readings 56 small for a single psychrometer.
Three standard deviations, representing 99 percent of the population, would
not change readings by more than a microvolt, which is equivalent to an
accuracy of £ 2 bars. )
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SUMMARY AND CONCLUSIONS

Specialized methods are required to sample fron, and make £n gitu
hydrologic measurements within, coarse alluvial deposits in arid regions.
One hydrologic property which must be measured accurately in the field in
order to estimate the rate and direction of soil-water movenent within the
unsaturated zone is the soil-matrix potential. Where dry conditions prevail
and potentials are less than -2 bars, thermocouple-psychromneters nust Le
used. The reliability and accuracy of psychronetric measuremnents of
soil-matrix potential depends to a great extent on proper preinstallation
calibration, installation, and calibration checking after extended periods

in the soil.

A method of psychrometer jnstallation that allows later retrieval
js being evaluated at a study site near the low-level radioactive-waste
disposal facility near Beatty, Nev. 1f the method is successful, psychro-
meters installed laterally from a vertical monitoring shaft will be used to
determine the vertical soil-matrix potential gradient. These data, together
with data on unsaturated hydraulic conductivity and moisture content, will
be used to estimate the rate and direction of spil-water moveiment under
natural conditions. The psychrometers will be removed at regular time
intervals and the accuracy of their calibration checked to determine the
maximum residence time during which accurate measurements are possible.
1f this residence time proves to be sufficiently long, perhaps less exira-
ordinary methods of installation (which do not allow retrieval) can be used

for future work.
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LEASE

This agreement made.and entered into this IdX’ day of

Mou” + 3977, by and between the Etate of Nevada, Depart-
ment o\f anuman Resources, hereinafter called “"LESSOR," and Nuclear
Engineering Company, Inc., hereinafter called "LESSEE,” a corpora-
tion duly organized and existing under the laws of the State of
california, authorized to do business in the State of Nevada,
having its registered office in Beatty, Nevada, and authorized to
engage in the business of receiving, possessing, processing, re-
packaging, using, storing and disposing of radicactive wastes and
materials by License No. 04-3766-01 issued by the Nevada State
Health Division, and being further authorized by appropriate permid
issued in accordance with applicable provisiens of law to engage
in the disposal of chemical and toxic wastes and materials.

WITNESSETH:

WHEREAS, LESSOR has determined that a facility for the
disposal of low-level radioactive waste materials may be main-
tained in the State of Nevada; and

WHEREAS, LESSOR has determined that a facility for the
disposal of chemical and toxic waste and materials may be main-
tained in the State of Nevada; and

WHEREAS LESSOR has procured certain real estate herein-

after referred to as the "Site";

NOW, THEREFORE, in consideration of the payments reserv;d
herein and the mutual covenants made by the parties, it is agreed
as follows:

I. RENTAL-LICENSE FLE. For and in consideration of the

terms, covenants, payments, conditions and restrictions herein-
after set forth, the LESSOR, pursuant to Chapter 374 of the 1961
Statutes of Nevada, does hereby lease, let and demise unto LESSEE,
the following described premises situate in the County of Nye,

State of Nevada, more particularly described as follows, to wit:
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All that certain piece, parcel or

tract of land located in the NWl/4

NE1/4; NEl/4 NWl/4 of Bection 35,

Twp. 13 South, Range 47 East, M.D.B.&IM.

containing 80 acres, more or less.
To have and to hold unto the LESSEE for the term of
twenty (20) years from the effective date hereof, with the option
to extend for an additional term as hereinafter set forth, unless
sooner terminated in accordance with the terms of this lease, at
a yearly rental ©¢f ten thousand (%$10,000.00) per year, the first
annual payment acknowledged, and succeeding payments to be payable
annually within twenty (20} days after the anniversary date of
this lease. The rental payments shall be payable to the LESSOR;
provided, however, that in the event regulations are promulgated
establishing a license fee for the issuance of a license to dispose
of low-level radicactive waste it is acknowledged and agreed that
LESSEE shall have as a full credit against the payment of the
aforestated license fee any and all rental fees previously paid
under this lease. Further, LESSOR and LESSEE agree that upon the
establishment of a license fee that LESSEE'S responeibility for
payment of any and all rental fees, as set forth in this lease,
shall immediately cease and the rental fee terms contained herein
shall be null and void at that time, .

11. RENEWAL OF LEASE. The term of thie lease shall be

extended for an additional ten (10) year term if, prior to six (€)
months before the end of the term but not before nineteen (19)
vears from the effective date of this lease, the LESSEE makes
written request to the LESSOR that it wishes to exercise its option
to extend under this paragraph. &he LESSOR may, mnotwithstanding
LESSEE'S option herein, declare the leage terminated at the end of
the initial term if, after consultation with the State Health

Officer, it makes a reasonable determination that, considering the

-2-
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volume of waste materials buried at the Eite and the nvailablé
space remaining, that an extension for an additional term would
not be feasible. The LESSOR may, however, extend the lease'for a
term less than ten (10) years if, after consultation with the
State Health Officer, it determines that such an extension is
feasible, considering the factors hereinbefore set forth. The
LESSOR'S determination of feasibility under this paragraph is
subject to review by the State Board of Health.

JII. OPPORTUNITY FOR HEARING. Prior to the issuing of

any order or the making of any determination including but not
limited to the denial, modification or revocation of this lease
the LESSOR and the State Board of Health shall give reasonable
notice in writing by certified mail to the LESSEE and shall afford
the LESSEE an opportunity for a hearing within twenty {(20) calen-
dar daye after giving the aforesaid notice,. '

IV, ASSIGNMENT. The LESSEE may not assign the lease,

nor any right inuring to its bengfit by virtue of any term or
covenant herein set forth, without prior written approval of the
LESS0R. For purposes of this paragraph a sale or change of Corpor-
ate ownership directly affecting this lease shall be deemed an
assignment reguiring prior written approval by LESSOR as to the
technical competence of the assignee to assume burial operations,
it being understood anéd agreed that technical competence sghall, as
a minimum, be deewed legal and factual capability for successfully
obtaining and carrying out lawful activity under either a license
issued in accordance with law for the receipt, storage and disposal
of low level radiocactive waéte. or a permit for the disposal of
chemical and toxic waste materials. The parties acknowledge and
agree that the LESSOR shall not unreasonably withhold its approval
of any proposed assignment by LESSEE.

The LESSEE agrees that it will not, without the written

consent of the LESSOR, sublet the premises or any part thereof or
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permit the use of the premises by any party other than the LESSEE.

V., ‘TERMINATION. The LESSOR and LESSEE agree that the
primary purpose for which this lea;e is entered into is the proper
purial and disposal of radicactive and chemical and toxic wastes
and materials and any other activity which may lawfully be cafried
out under the terms of License No. 04-3766-01 or any other pro-
vieion of Nevada Revised Statutes. The parties, therefore, ex-
pressly agree that the portion of the lease providing for the
disposal or burial of radiocactive waste may, at the option of the
LESSOR, terminate after hearing and opportunity for judicial
review is afforded LESSEE in the event License No. 04-3766-01 and
all amendments thereto or any renewal thereof expires without
timely applicatien for renewai thereof having been made or for any
reason ceages to be effective.

VI. RENEWAL OF LICENSE. The LESSEE shall diligently

and expeditiously provide the State Health Officer with informa-
tion as regquired by law for processing any application LESSEE may
submit for any renewal of its license issued under NRS Chapter

459. Failure on the part of the LESSEE to timely file an applica-
tion for renewal in accordance with applicable State regulations,
after notice to the LESSEE and reasonable opportunity to file
following such notice, not to exceed thirty (30} days, may be
deemed an expression of intent on the part of the LESSEE to volun-
tarily surrender the portion of the premises utilized for the dis-
posal of low=level radiocactive waste unto the LESSOR who may then
declare that part of the lease terminated by serving written
notice of its intent to terminate under this paragraph upon LESSEE.
In no event, however, shall such an aforesaid voluntary surrénder
or termination of the LESSEE'S rights to dispose or bury low-level |
radioactive waste affect the portion of the lease that provides
for the disposal of chemical and toxic wastes and materials ané in

that respect this lease shall continue in full force and effect.
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VII. LIMITED TERMINATION--ADJUSTMENT OF BURIAL TEE.

The LESSOR and LESSEE further agree that a termination or voluntary
surrender of one of LESSEE'S rights to dispose of or store either
low-level radioactive wastes or chemical and toxic wastes and mate-
rials shall not affect LESSEE'S right under this lease to continue
to dispose of or store any of the other aforestated materials not
s0 terminated or surrendered. LESSEE agrees that in the event it
continues operations at either Site not so terminated or surren-
dured LESSEE will renegotiate a reasonable adjustment, if any, in ‘
the burial fee applicable to the Site retained by LESSEE.

VIII. COMPLIANCE WITH APPLICABLE LAWS., The LESSEE

covenants and agrees that it will use the leased premises only
for the purposes for which this lease is entered into and in all
respects in accordance with -the laws of the State of Nevada, and
with the requirements specified in License No. 04-3766-01 and all
amendments thereto or renewal thereof. It is expreesly understood
that the LESSEE shall comply with all applicable laws, rules and
regulations of the United States, and all applicable regulations
of the State of Nevada as the same are properly promulgated and
amended from time to time by the Nevada State Board of Bealth and .
the Nevada State Environmental commission. However, if the LESSEE
is required to comply with any Federal or State laws, rules or
regulations that render it prohibitive economically or othervise,
for LESSEE to continue its rights and obligations under this lease, |
the parties agree to immediat:ly rehegotiate those proviegions of
this lease affected by such laws, rules or regulations.

1f, within ninety (90) days after LESSEE'S written
request to renegotiate the lease, the parties fail to reach agree-
ment, either party shall thereafter have the right to cancel this
lease, within thirty (30) days.

IX. INSURANCE. The LESSEE shall provide adeguate

hazard and fire insurance at its own proper expense on all out=
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buildings, fixtures and other personal property situate on the
leased premises, with loss payable provisions in favor of the
LESSEE. The proceeds from any hazard or fire insurance shall be
used by the LESSEE to replace all or so much of said outbuildings,
fixtures or other personal property as may be economically reason-
able and feasible. .

X. REPAIRS. The LESSEE shall make all necessary re-
pairs or improvements as may be economically reasonable or feasi~
ble to all outbuildings, fixtures and other personal property
situate on the leased premises at its own proper expense.

XJ. FEES FOR PERPETUAL CARE AND MAINTENANCE. The

LESSEE agrees to pay LESSOR the sum of thirteen cents (l13¢) for
each and every cubic foot of low-level radicactive waste materials
and seven cents (7¢) for each and every cubic foot of chemical and
toxic waste'materials which is disposed of or burieq upon the
described premises to provide funds for a perpetual care and main-
tenance trust fund as provided by law.

The amounts payable to LESSOR for the disposal or burial
of low-level radicactive waste or chemical and toxic waste under
this lease are for a term of ten (10) years from the effective
date of this lease. At the expiration of each ten (10} year
period the LESSOR and the LESSEE hereby agree to conduct a joint
technical study to reevaluate the then existing conditions. Sub-
sequent to the completion of the aforestated joint study should
additional funds be determined necessary then the parties agree to
renegotiate the cubic foot amcunts payable to LESSOR; provided,
however, LESSOR agrees that any increase in the amounts to be paid
for each and every cubic foot of low-level radiocactive waste or
chemical and toxic waste disposed of or buried upon the premises
shall not exceed one hundred percent (100%) of the then current
rates.

XII. PREPAYMENT. LESSEE shall pay to LESSOR the sum of
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FIFTY THOUSAND AND NO/100 DOLLARS ($50,000.00) which shall consti-
tute a prepayment for the disposal and/or burial of radioactive,
chemical and toxic wastes and materials on the heretofore described
premises. All prepayments shall be deposited by LESSOR in the
radjoactive materials disposal fund as provided by law. The afore-
said prepayment shall be debited by LESSOR in accordance with the
existing perpetual care and maintenance contribution rates and the
monthly burial or disposal quantities fbr radioactive, chemical and
toxic waste and materisls. LESSEE shall provide additional pre-
payments when the balance of the deposit is equal to five percent
{58) of the original prepayment, notwithstanding that such pfepay-
ments may occur at intervals more frequent than on a yearly basis.
Furthermore, LESSOR and LESSEE agree that LESSEE shall receive full
credit and appropriate adjustments for any and all prepayments made
prior to the execution of this lease document. 1In the event this
lease is terminated for whatsoever reason, LESSCR agrees that
LESSEE shall receive a full refund for any and all prepayment
amounts not previously debited by LESSOR in accordance with all
applicable provisions of this lease.

The LESSOR and LESSEE acknowledge and agree that the
primary purpose of LESSEE's payment” to LESSOR of the cubic foot
charge on low-level radicactive, chemical and toxic wastes dis-
posed of or buried at the Bite ie to provide funds for satia-
factory surveillance in conjunction wiﬁh the implement:tion of
proper safeguards for the public health and safety vpon expiration
of the lease term or extension thereof and final closure.

XIII. MINIMUM BURIAL DEDUCTION, It is understood that

the primary purpose for the assessment of the aforestated burial
rate is to ensure the adequate growth of a perpetual care and

lmaintenance fund.
In order to stimulate the growth of the perpetual care

and majintenance fund, LESSOR shall deduct for any six{6) month
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operating period the minimum amount of TWELVE THOUSAND AND NO/100
DOLLARS ($12,000.00} from the burial prepayment as set forth in
Section XII herein. The Minimum Burial Deduction amount will be
adjusted at the end of e§ch five (5) year calendar period during
the term of this lease or any extension thereof. The adjusted
minimum deduction amount will be computed by multiplying the annual
average of the latest five {5) years' deposits by the then current
contribution rates and said adjustment will be effective for the
next succeeding five (5) year period.

The LESSOR agrees to make adjustments on a consecutive
twelve month basis in the event actual revenue earned by the LESS0R
falls below the minimum burial deduction; LESSEE shall receive a
credit to the prepayment in the amount of the difference between -
the minimum burial deduction and the actual revenue earned. How-
ever, if the actual revenue earned by the LESSOR from collection
of the burial rates set forth in Section XI exceeds the applicable
minimum geduction set forth in the preceding paragraph, the actual
revenue earned will be deducted from the prepayment set forth in
Section XII.

LESS0R and LESSEE agree that LESSEE'S performance as set
forth in this provision shall be excused for any month in the event
of an act of God, war, riot; fire, lack of adequate fuel; power,
labor, transportation; compliance with governmental requests,
actions, laws, regulations, orders or action, or in the event of
labor trouble, {provided that LESSEE shall not be required to
settle a labor dispute against its own best judgment); or any othgf
event beyond the reasonable control of LESSEE; which event preventé
the delivery, transportation, acceptance or disposal of wasté
products.

XIV. VIOLATIONS, The LESSEE will not, without the

LESSOR'S consent violate any of the terms and conditions of this

lease, or the terms of authorizing licenses issued by the State of
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Nevada. If such violations, misuse, or noncompliance occur, which
result in lawful revecation of License No. 04-3766-01 or any
amendment thereto or renewal thereof, the LESSOR shall have the
right, upon written notice of its intention and after providing an
opportunity to LESSEE for hearing as provided herein and judicial
review, to terminate this lease sclely as to that portion thereof
providing for radioactive waste disposal.

XV. COMPENSATION TO LESSEE UPON TERMINATION. In the

event of such termination of this lease as to that portion pro-
viding for radioactive waste disposal should LESSOR relet that
portion of the Eite to any other party for the same, similar, or
allied use, LESSEE shall be entitled to reasonable compensation,
including, but not limited to, any and all buildings and other
Site improvements left theréon. In the event LESSOR and LESSEE
cannot reach an agreement as to the amount of such compensation,
the game shall be submitted to arbitratien before an arbitrator
appointed by the Americén Arbitration Association. The costs of
said arbitration shall be borne egually by the parties.

XVI. WAIVER. The LESSEE agrees that the LESSCR's
failure to insist upon the strict performance of any provision of
this lease, failure to exercise any right based upon a breach
thereof, or the aéceptance by the LESSOR of any fees during such
breach shall not waive any of the LESSOR'S rights under this lease
except when the LESSOR has agreed in writing to waive such rights.

XVII. INDEMNITY. LESSEE agrees to indemnify and save

LESSOR harmless from and against any and all claims, demands., .
guits, damages, expenses and liabilities brought by a third part§,
to the extent that any injury to or death of any person or any
damage.to or loss of property arises out of the sole negligence

of the LESSEE,

¥VIII. CLOSURE REQUIREMENTS. Upon final legal termina-

tion, legal termination prior to expiration of the term of this
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thie lease, or formal voluntary surrender of LESSEE'S rights to
store or dispose of low-level radioactive waste material, LESSOR
and LESSEE acknowledge and agree that LESSEE shall perform the
following activities as its sole closure obligafion under this
lease agreement:

{1) burial of all radicactive waste;

(2) removal of all surface structures and
equipment except lighting equipment, fences and
gates;

(3} all equipment and facilities which can-
not be released by radiation survey after decon-
tamination will be disposed of, or transported
from the Site, as radiocactive material;

{4) backfilling and mounding of all open
trenches, without exception, in accordance with
radioactive material license requirements;

(5) reduction of radiation levels to 2mR/hx
at ground level within radioactive burial area;

(6} - plugging and capping water wells and
dry wells;

{7) the East access gate to the radiological
burial facility will be sealed shut;

(8) installing alarms on all remaining gates
which will activate in Deputy Sheriff's Office in
peatty when gate is opened;

(9) rzeplacement of faulty or damaged fencing; —-

{10) replacement of any illegible or damaged
warning signs; and

(11) final radiation survey and written re-
port to LESSOR which is confirmed by LESSOR.

LESSOR shall reserve the right to waive any or all of

the above Site clopure conditions.

-10-
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XIX. RESPONSIBILITY FOLLOWING TERMINATION. The parties

hereby expressly agree that, subject to the closure reguirements
of the preceding paragraph, upon expiration or earlier termination
of this lease, &1l materials buried at the Site prior to and sub-
sequent to such.expirat;on or termination shall be the sole and

exclugive responsibility of LESSOR.

XX. ACCESS TO PREMISES. The LESSOR or any person

authorized by it shall have access to the leaged premiges during
LESSEE'S regular business hours, or any other time upon giving
reasonable notice, for any lawful purpose.

XXI. SOVEREIGN AUTHORITY. It is understood that none

of the térms of this lease, nor any of the covenants herein con-
tained, ghall operate to restrain the LESSOR from fulfilling its
responsibilities in its caﬁacity as sovereign of the State of
Nevada, including, but act limited to, a determination on the part
of the sovereign that a public emergency exists and that immediate
state action be formally determined as necessary. Should the
aforestated State action be formally determined as necessary,
LESSOR shall, as provided in NRS 45§.130 or any amendment thereto,
upon LESSEE'S applicatiog, promptly afford LESSEE an opportunity
to be heard and to present proof that such a condition or activity
does not warrant the original determination.

XXIT. HEARINGS. All hearings for all alleged viola-

tions under this lease other than those specifically stated
otherwise or provided for by law shall be submitted to formal
hearing before a qualified hearing offi¢er appointed by the
Department ©f Human Resources of the State of Nevada, Within
twenty (20) days following the final conclusion of the hearing,
éhe hearing officer shall make a report and ruling which shall
contain findings of fact agd conclusions of law. The hearing
officer shall serve a copy of his report and ruling upon all

parties of record to the proceeding.

-11-
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Any party to the hearing may be represented by counsel,
may make oral or written argument, offer testimony, cross-examine
witnesses, or take any combination of such actions. The record
of such hearing shall be open to public inspection.

¥XIII. NOTICES. All notices, demands, requests, con-

gents, approvals, ecancellations and/or other communications which
may be or are reguired to be given by either party to the other
under this lease shall be in writing and shall be deemed to have
been sufficiently given for all purposes when deiivered or mailed
by certified or registered mail, postage prepaid. Notices to the
LESSOR shall be given by mailing to the State of Nevada, Depart-
ment of Human Resources, Capitol Complex, Carson City, Nevada,
§9710. Notice to the LESSEE shall be given by mailing to Nuclear
Engineering Company, Ing¢., 9200 Shelbyville Road, Louisville,
Xentucky, 40222.

¥XIV. HEADINGS. The provision headings appearing in

this lease have been inserted for the purpose of convenience and
ready reference. They do mot purport to, and shall not be deemed
to define, limit or extend the scope or intent of the provisions

to which they pertain.
XXV. APPEALS. It is understood that none of the

provisions contained in this lease shall affect the LESSEE'S right
to appeal any of the rulings or regulations of the LESSCR or the
Nevada State Board of Health in the manner prescribed by law.

XXvl. EFFECT OF LEASE. Execution of this lease by

LESSOR and LESSEE shall terminate and replace any presently

existing lease between the LESSEE and any other party related to

the premises described herein.

¥XVII. ENTIRE AGREEMENT. This lease enmbodies the

entire agreement between the parties. ’ It may not be modified or

11717
11117
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terminated except as provided herein or by other written agreement
between the parties.

IN WITNESS WHEREOF, the parties have hereunto set their
hands the day and year in this lease first above written.

APPROVED THIS z ZZ: day of
1/7 ETATE OF NEVADA
LJAﬂL/ , 1977. DEPARTMENT OF HUMAX RESOURCES

RDUND#Y DIRECTOR
LESSOR

APPROVED AS TO FORM THIS é NUCLEAR ENGINEERING COMPARY, INC.
aay of __May, 2877, A

NN N

JAMES N. NEEL, PRESIDENT
LESSEE

ROBERT LIST
ATTORNEY GENERAL

BY (Corporate Beal)

DI CHAEL>CLASEN
DEPUTY ATTORNEY GENERAL

Attest:

Kaund

ASSISTANT SECRETARY ,/

-13-
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ADDCNDUM AGREEMENT

This Addendum Agreement made and entered into this
;the seventh day of December, 1979, by and between the State of
:INevada. Department of Human Resources, hereinafter called
"LESSOR,™ and Nuclear Engineering Company, Inc., hereinafter !
ﬂcalled YLESSEL," & ceorporation duly organized and existinc under
“the laws of the State of California, authorized to do business
{in the State of Nevada, having its registered office in Beatty,
- Nevada, and authorized to engage in the business of receiving,
'possessing, processing, repackaging, using, storing ard dis-
Lposing of Tadicactive wastes and materials by Licerse MNo.
©13-11-0043-02 issued bv the Nevada State Health Division, ard i
:being further authorized by appropriate permit issued irn f
;

'accordance with applicable provisions of law to engage in the

- disposal of chemical and toxic wastes and materials.

" 3

1
WITNESSETH: ;

i WHEREAS, LESSOR and LLSSLEE entered intc a Lease dated
#May l, 1977, whereby LESSOR leased to LESSEE certain real
*property in Nye County, Nevada, hereinafter known as the "Site";
' WHEREAS, LESSOR and LESSEE have determined that additional
imonetary consideration in the form of increased vearly rental pav-
iments need to be provided in order that LESSOR may further ensure
that it has sufficient personnel to continue and administer its

l[on-site surveillance of that portion of the Site pertaining solely

to low-level radioactive waste; and

-

WHEREAS, LESSOR and LESSEE have mutually agreed to raise

the per cubic foot Perpetual Care and Maintenance payments for




]
i low-1evel radioactive waste paid by LTSSEE in order to further

'accelerate the growth of the Perpetual Care and Maintenance
1
i Trust Fund meintained by the LESSOR;

! NOW, TBEREFORE, in consideration of the pavments reserved
|

| herein and the mutual covenants made by the parties, it is

Ingreed as follows:

l
% 1. That Section I, entitled RENTAL ~ LICENSE FEL, of

ithe May 1, 1977 Lease be amended in part in that the yearly
irental of Ten Thousand Dollars {($10,000)}) per year ghall now

,read Twenty Thousand Deollars ($20,000) per year effective the date
iof this Addendum Agreement. In all other respects, Section I,
'entltled RENTAL - LICENSE FEE, of the May l, 1977 Lease shall

iremain unchanged. LESS0OR acknowledges the receipt of LESSEE's
. check number 21861, dated Detember 7, 1979, in the amount of
I

Ten Thousand Dollars ($10,000) and agrees to prorate this amount

IIDVEI the present remaining annual rental pericd with the remain-
||
!'zng balance to be applied towards the next annual rental pericd.
l 1
]
o I1. That Section XI, entitled FLES FOR PERPETUARL CARE
il
"
j- AND MAINTENANCE, of the May 1, 1977 lLease be amended in part, in

~that the sum of thirteen cents (13¢) for each and every cubic
" foot of low-level radicactive waste materials shall now read
' twenty-five cents (25¢) for each and everv cubic foot of low-

" level radicactive waste materials. Bowever, the LESSOR and

_ LESSEE agree that in recognition of LESSEE's current contractual

commitments, that the per cubic foot increase from thirteen cents

:5(13¢] to twenty-five cents (25¢) shall not be immediately
:.effective, but rather shall take effect on the twenty-fifth
. day of February, 1980. 1In all other respects, Section XI,
entitled FEES FOR PERPETUAL CARE AND MAINTENANCE, of the

May 1, 1977 Lease shall remain unchanged.

U
~
]
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I1I. Thie Addendum Agreement is annexed to and is a part
of the May 1, 1977 Lease and is governed by and herebv becomes
subject to all of its provisions and pPromises, except to the
extent that those provisions and/or promises are expressly
gualifjed, modified or altered by this Addendum Agreement. The
May 1, 1977 Lease, as amended by this Addendum Agreement, remains

in full force and effect.

IV. This Addendum Agreement embodies the entire agree-
ment between the parties. It may not be modified or termirated
except as provided herein or by other written agreements betweor

the parties.

IN WITNESS WHEREOF, the parties have hereunto set their

hands the day and year in this Lease first above written.

APPROVED:
STRTC OF NEVADA
DEPARTMENT OF HUMZ: RESOURCES
P e
- . o, am— - .
r‘_ Ll —-1:1.'—-—--. C/c‘ﬁfrw"f'/l/ .
GOVERNOR OF THE STATE OF NLVADA RALFII R. DISIBIC, pihcCoCE

LESSOR

APPROVED AS TO FORM:
RUCLEAR ENGINELRINS CC., IuC.

»

[ -

RICHARD BRYAN :
ATTORNEY GENLCRAL JAMES

%. NLEL., PRLSICICYT
- LESSEL :

“LSON
TTOFKEY GENERAL

Attest:

] . 1 4
DAVID R. HAFENDORFER"
ASSISTANT SECRETARY

(affix Corporate Seal)

-3-
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. eiies Serial Number
k UNITEY STATES
maan l¢"6 1 U "
amann dwror DEPARTMENT OF THE INTERIOR = 17 1962 U8 20
BUREAD OF LAND MANAGEMENT L A T rTR

RECREATION OR PUBLIC PURPOSES LEASE
Act ol June 14, 1920, os amended (43 U.S.C. 86§ £, $rq)

Nev-057750 {Renewal)

Thas lease entered mto on thie 20thday of  June .19 B2 , by the United Siates of Amenica, the
es301, through the suthenzed offices of the Buresu of Land Management, and

State of Nevada

Departaent of Conservation and Natural Resources

¢/o Division of State Lands, 201 South Fal) Street

Carson City, NV 89710 . hercinafier
catled the lesser. pursusnt and subject 1o the terms and provisions of the Recreation and Public Purposes Act and te
al! teasorable regulatrons of the Secretary of the Interior now or hereafiet in force when aot inconsistant with any ex-
press ard gpecific provisions herein, which are made a part bereof,

WITNEREETH

Se: ' The ieasor. in tohsidersnion of the rents to be paid and the conditions to be observed ax hereinafter ge1 forth,
Coes hesebh grant and lease 1o the lessee the right end privilege of wsing for the purposes hereinafter sei forth ir the
selonang-descubed Jands  together with an option to purchase during the term of the lease:

Mount Diablo Meridian - e T
=i 6 Lnai) frpeses ciae:
T.13S., R, 47 E. --. fore
sec. 26, SuSY; RTINS P T Y2
sec. 35, SuNy, NEYNEY, MW/NW/; R
e 'y LT e ies
RELD, tiooar

conia:mi=g 400  mtres together with the right to corsituct end maintsin thereon all bu$|dm or other improvements
necessan for such use for s peniod of 26 yeors, the rental to be § 300,00 é[ jlq ¢ expiration
date of the leasc the authenzed officer shall Getermine that the lesne may be mmd the lesnee Imem will be ac-
corde? the privilege of renewsl upon such lerms as may be [ixed by the lessor. The lexsee may use the premises for
a puffer zone {see Addendum attached herete).

Ser 2 There ate reserved to the Unjted States all
rineral depotits in smd lands. together with the right
1c £ane snd remove the same under applicable Jaws snd
regulations to be established by the Secretary of the
Intensor

Se: 1 The lessor renerves the right of entry, of use,
by
{s) any svthorized person, mpon the lensed ores
#nd mio the buildings consiructed thereon for the pur-
pose of ingpection;
(t) Fedenn] sgents snd game wardens wpon the
lessed ares on official buniness.
(¢ the United States. its permittess and licenaees,
10 mine and remove the munrera! deposits melerred to
i Sec 2. above
Sec £ In considemnation of the foregoing. the lessee
oS agrees
(81 To-improve snd mansre the lesned ares in ac.
corcance with the ghomuh LI XN X0 KREIRNOACY
SO TLrY  application filed June 26, 196)
ant supplemental information filed
September 13, 1561, and  approved by
on suthonized oﬂ::ﬂ on Fabruary 15, T
o1 any modilication thareo! kevinsfter provod by an
suthotized officer, ond 10 mainiain 8]l improvements,
duning the term of this lesss, i 5 wasonsbly good
.atate of wpair
Y Te pay the lusaor the sanus] snial above el
forth w advance duning the continusnce of this lesse.
fe1 Not to piten the wire of the lands o1 enlawiyl
retp-ars o lo1 mny purposr not apecified 10 This Jepae
2t erserind (o wndet e (@1, npt te prohibit et
peate: * Zprestiu g Mty 0 peIreir e agents . em.

1

ployees, contmctors (including, withowt limiurion.
jecsees, aubleasees, and permitiess), to prohibit or
restrict the wse of any part of the lessed premises or
any of the facilities thereon by any person because of
such parson's rece, creed, color, nex, or nationa! origin,

(d) Not to sssign this Jesse or to change the use of
the land, without firat receiving the consent of the
suthotized officer of the Buresu of Land Menagemen!.

{¢) That this lesse may be terminsted after dus
motice to the lessre mpon o finding by .se euthorired
officer that the besene had failed to comply with the
terms of the laane; or has failed to wase the leased lands
for the purposes wpec.fied In this lessc for @ period
of consecutive yesrs; or that sll o part of the
lands is being devoled 1o some other uue noOt consented
to by the suthorized officer, or that the Jessee has nol
complied with his development and management plans
refzrred to in gubsection 4(s). .

() That wpon the tarmiaation of this lewss by ex-
pirstion, surrendar, o esaceliation thareo!. the Jessee,
shall surrender possassion of the preaises to the United
States in good et-‘lllo- end shall comply with such
provisions and cenditisns mepectiag the removal of the
iaprovemerts of and oquipment ea the property s mey
e nsde by an outberised office:.

{0) To tske such seasonsbie steps s may be mreded
to protect the surface of the Jonced erve and the natursl
maources pad lmprovements thereon.

() Not ts cut timber an the Jessed eres without
prict permisnion of, or in vielstion of the provisions and
conditione made by an sl hptized sflicer.

(i) That nethingcontained in this leane shall restrict
the scquisition, granting. o wov of purmits or rights-of-
woy wnder eninting lows by sn suthorized Faders! officer.

Py o m— - .- -




« $ec. 5. Fequal Opportamity Ciausr. During the petform-
ance of this contract, the lessee sgrees ax loliows:

(a) The lessee wiil not diacriminate agsinct any
employee or applicant for employment because of rece,
color, religion, sex, or national origin. The lessee wil)
take affimative sction fo ensure that applicents are
employed, and that employees are trested during employ-
ment, without regard to their race, color, religion, sex,
or astions) origin. Such ection shall laclude, but not
be limitad to the followlng: employment, wpgrading.
demolion, ot teengfer; secruitsent or secruilmeni od-
wertising, layof{ or terminstion; rates of pasy or other
forms of compensation; and selection for training. In-
cluding apprenticephip.  The lessec agrees to post
in conspicucus places, asvallable to employees and
applicants for amploymeni, motices o be provided by
the contrscting offices metting forih the provisions of
this nondiscrimination clause.

(b) The lexsee will, in all solicitetions or edver-
tisements for employees placed by or on behall of the
Jessee, state that all qualified applicants will receive
consideration for employment without regard o race,
color, religion, aex, or aetional origin.

{c) The lessee will send to =ach lsbor wnion ot
mpreaentative of workers with which he hag a collective
bargaining agreement or other contract or understanding,
a Botice, to be provided by the apency contracting
offices, advising the labor union or workers' represent.
stive of the lessee’s commitments under Section 202
of Executive Ordet 11246 of September 24, 1955, as
smended, and shall post copies of the notice in con-
spicucus places available to employees snd applicanis
for employment. )

(d) The lessee will comply with all provisions of
Executive Order No. J1246 of September 24, 1965,
as amended, and of the rules, regulations, and relevant
orders of the Secretary of Labor.

(e} The Jessee will fumish all information and re-
pors required by Executive Order No. 11246 of
Septembe:r 24, 1965, as amended, and by the rules, regu-
lations, and orders of the Secretery of Labor, or pursuant
thereto, and will permit access to his books, records, and
accounts by the conuvacting sgency and the Secretery of
Labor for purposes of investigation Lo azcertain com-
plisnce with such rules, regulations, and orders.

{0 In the even! of the lecsee's noncompliance with
the sondiscrimination clauses of this contract ot with
any of such rules, regulations, or orders, this permit
may be cancelled, terminsied or suspended in whole
or in part and the lessee may be declared ineligible
{or further Governmenl contracts in accordance with
procedures muthorized in Executive Order No. 11246

FOR EXECUTION BY L'lur;z

In WITRES®: WHEREOF:

FERAs me AW EmE s 4 emaed

of September 24, 1965, as smended, and such other
sanctions may be imposed and temedies invoked ss
provided in Enecutive Order No. 11246 of Sept. 24, 1965,
sc amended, or by rule, regulstion, or order of the Sec-
retary of Labor, or as otherwise provided by law.

(D) The lessee will include the provisions of Para.”
graphs (#) thsough (g} in every subconiract of puichsse
order unless exempted by rules, regulations. or orde:s
of the Secretary of Labor issued putsuant to Section 20<
of Executive Order No. 11246 of September 24, 1965, as
smended, so that such provislons will be binding upon
erch subcontractor or vendor. The lessee will 1ake suck
aciion with respect to any subconizatt of purchuse cicer
as the contracting agency may disect as & rmeuns ol
enforcing such provisions including sanctions jor mon.
compliance. Provided bouever. Tha! in the cremt the
lessee becomes Involved im, or is threatened with
litigation with 8 subcontracior or vendor as & tesclt of
such direction by the contracting agency, the lessee mayv
request the Unjted States to enter info such Lingaion c.
protect the interesis of the United States

Sec. 6. The lessee may surrender this lewse or am
part thereof by filing & written relinquishment in the
appropriste BLM office. The relinquishment shali be
subject Lo the payment of all sccrued rentals and (o the
continued obligation of the lessee to place the lands in
condition for relinquighmenl in sccordance with the
applicable lease terms in subsections 4({} and 4(gl aac
the appropriste regulations.

Sec. 7. The lesser further agrees to comply with anc
be bound by those edditional terms and cencitions

identified as
Appendix A and Addendum which

are attached hereto

and which sre made a part hereof.

Sec. 8. No Member of, or Delegate 10, the Coagruss. o
Resident Commicsioner, after his eleciion or apposn-
ment, snd ejther before o1 after he has guahiwed. and
during his continuance in office, and no office:. age=
or employee of the Department of the Iateric:. excep: as
otherwise provided in 43 CFR, Part 7. ghall be admitied
to any share or parnt of this lease. or derive ur: benein
that may atise therefrom, and the provisions of Tuile 1§
U.5.C. Sections 431—433, relating to contraciy, ernie:
into and form a part of this lease, 50 far as the sar<
may be applicable.

FOR EXECUTION BY THE UNJTED STATES

THE UNITED STATES OF AMERICA

By ﬂflﬂ.ng . Qi‘fc":-u-q;-\

of Lassse's Authorized

(Authorized Olfices)

Chief, Lands and Minerals Operations

"4 (Signeture of Witnass) (Tube)
(Dete) (Date)

G®Z iy -lat




ADDENDUM TO RECREATION AND PUBLIC PURPOSES LEASE Nev-D57750

1f antigquities including, but not limited to, archaeological items,
paleontoiogical objects or other objects of historic or scientific
interest are discovered on the leased area, the lessee shall leave
the items or conditions intact and inform the District Manager;

Lessee shall comply with the applicable Federal and State laws

and regulations concerning the use of pesticides (i.e., fnsecti-
cides, herbicides, fungicides, rodenticides, and other similar sub-
stances) in a1l activities/operations authorized under this lease.

The lessee shall obtain approval of a written plan prior to the

use of such substances from the Authorized Officer. The plan must
provide the type and quantity of material to be used; the pest,

insect and fungus to be controlled; the method of application; the
location for storage and disposal of containers; and other information
that the Authorized Officer may require. The plan should be submitted
no later than December 1 of any calendar year that covers the pro-
posed activities for the next fiscal year (f.e., December 1, 1979,
deadline for a fiscal year 1981 action). Emergency use of pesticides
may occur. The use of substances on or near the leasehold shall be

in accordance with the approved plan. A pesticide shall not be used
if the Secretary of the Interfor has prohibited its use. A pesticide
shall be used only in accordance with its registered uses and within
other limitations 1f the Secretary has fmposed limitations. Pesticides
shall not be permanently stored on public lands authorized for use
under this lease.

Regulatfons pertaining to the Recreation and Public Purposes Act
prohibit use of public lands for disposal of permanent or long term
hazardous waste. Accordingly, the leased lands shall be used as a

buffer area only.




Appendix A

The lease of the herein described land is also subject to the following
conditions and limitations:

{a) The lessee or its successor in interest shall comply with and shall

not violate any of the terms or provisions of Title VI of the Civil

Rights Act of 1964 (78 Stat. 241) and requirements of the regulations,

as modified or amended, of the Secretary of the Interior issued pursuant
thereto (43 CFR 17) for the period that the land leased herein is used for
the purpose for which the lease was issued pursuant to the act cited or

for another purpose involving the provision of similar services or benefits;

(b} If the lessee or its successor in interest does not comply with the
terms or provisions of Title VI of the Civil Rights Act of 1964 and the
requirements fmposed by the Secretary of the Interior Jssued pursuant to
that title during the period which the land described herein is usec for
the purpose for which the lease was issued pursuant to the act cited or
for another purpose involving the provision of similar services or
benefits, said Secretary or his delegate may declare the terms of this
grant terminated in whole or in ‘part;

(c) The lessee, by acceptance of this lease, agrees for jtself and fts
successors in {nterest that a declaration of termination in whole or in
part of this grant shall, at the option of the Secretary of the Interior
or his delegate, operate to revest in the United States full title to
the land involved in the declaration;

(d) The United States shall have the right to seek judicial enforcement
of the requirements of Title VI of the Civil Rights Act of 1964, and the
terms and conditions of the regulatfons, as modified or amended, of the
Secretary of the Interior issued pursuant to said Title VI, fn the event
of their violation by the lessee or fts successor in interest;

(e) The lessee or 1ts successor fn {nterest will, upon request of the
Secretary of the Interior or his delegate, post and maintain on the
property conveyed by this document signs or posters bearing a legend
concerning the applicabilfty of Title VI of the Civil Rights Act of 1964
to the property conveyed;

(f) The conditions and limitations contained in paragraphs {a) through

(e) shall constitute a covenant running with the land, binding on the
lessee and fts successors in fnterest for the period for which the land
leased herefn {s used for the purpose for which this lease was fssued or
for another purpose involving the provisfon of similar services or benefits.

RECEIWVED

Curazg nl et tLamagemant

RS 14 1882
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e UNITED STATES o Serial Numbes
DEPARTMENT OF THE INTERIOR = 17 1862 S Loz
BUREAU OF LAND MANAGEMENT I 4

RECREATION OR PUBLIC PURPOSES LEASE

Act of Junr 14, 1926 as amended (43 U.6.C. 865 er. 2rg.) Nev-057750 (Renewal)

Thie lease entered into on this 20thdsy of June .19 B2 |, by the United States of America, the
lessa!, through the authorired officer of the Bureau of Land Management, and

State of Nevada -

Departmeant of Conservation and Natural Resources

c/o Division of State Lands, 201 South Fall Street

Carson City, NV 89710 , hereinafier
called the lessee, pursusnt end subject to the ferms and provisions of the Recreation and Public Purposes Act and to
&!! yearorable regulstions of the Secrelary of the Interior now or hereafier in fotce when not inconsistant with any ex-
ssess ard specific provisions hesein, which are made & part hereod,

WITNERFETH.

Se: V. The lessor. in consideiation of the rents to be paid and the conditions to be observed as hereinafter set forth,
¢oes hereby grant and lease 1o the Jegsee the right and privilege of using for the putposes hereinafter sel forth in the
iclpwsap-described lands  together with an option to purchase during the term of the lease:

Mount Diablo Meridian
T. 13 5., R. 47 E,

sec. 26, SYSY;
sec. 35. S}{N‘A. NE%.NE‘bI Nw/‘-”"‘%;

comarung 40D  scres. together with the right 1o consiruct and mainiain thereon all bujldings o1 other improvements
necestan for such use for s peniod of 25 years. the rental to be 5 300,00 per al 8L RF."MJ; expitation
date of the leasc the suthorized oificer shall determine that the lease may be renewed, the legges hetein wili be pce
corde? the privilege of renewal upon such terms as may be fixed by the lessor. The lessee may use the premises for
s buffer zone (see Addendum attached hereto).

Sec. 2 There are reserved to the United States all
riners) deposils in seid lands, togelther with the right
te mine snd remove the same under applicable laws and
regulations to be established by the Secietary. of the
Interior

Se: 3. The lessor reserves the right of entry, or use.
by

.s) any suthorized person, upon the leased ares
&3¢ inlo the buildings construcied thereon for the pur.
pose of inspection;

(b} Federa) sgents and game wardent wupon the
lease< mred on official business;

(¢’ the United States, its permitiees and licensees,
<0 mine and remove the mineral deposits referred to
i Sec 2, above
Sec 4. In conpiderstion of the foregoing, the lessee
heted, mgrees

(6; To smprove and manaje the leased ares in ac-
corcamce with the Khonxyfi K KRR XN TRATROEK
ST rERY  application filed June 26, 1961
and supplemental {nformation filed
September 13, 1961, and  sppreved by
an suthonized officer on . February 15, 1962
o1 sny modification thereof hereinafter approved by mn
suthorized officer, and 10 maintain sll improvements,
dunng the term of this lease, in 8 reasonably good
state of repain.

tky To pay the lessor the annusl rental sbove set

forth an sdvance during the continusnce of thin lesse.

{¢) No! 1o allow the use of the londs for wnlawful

psiporet ot for any putpose not specified in this lease
=t panserted 1o undes s terme, ot te prohibil or
dire=tly o1 andutrcth &1 primi At BECRTE, em-

5

feae

ployees, contractors  (including, without limitation,
lessees, sublessees, and permittees), to prohibit or
restrict the use of any part of the lessed premises or
eny of the facilities thereon by sny person because of
such person’s race, creed, color, sex, or national origin.

{d) Not 10 assign this lesse o7 to change the use of
the lsnd, without first recejving the consent of the
sutharized officer of the Buresu of Land Mansgement.

(¢) That thic lease may be ferminsted after due
notice to the lessee upon s finding by the muthorized
officer that the lessee had failed to comply with the
terms of the lease; or hae failed 1o use the leased londs
for the purposes specified in this lease for & pericd
of conseculive yesrs; ot that all or part of the
Iends Is being devoted to mome other use not congented
to by the suthorized officer; or that the lessee has not
complied with his development and mrnagement plans
referred to in subsection 4(s).

() Tha: upon the termisation of this lease by ex-
piration, surrender, ot cancellation thereof, the lessee.
shall surrender possesaion of the premises to the United
States In good coodition end shall comply with such
provisions and conditions ssspecting the removal of the
Improvements of end equipmant on the property ss may
be made by en suthorised officer.

(g) To take puch reasonable steps as may be needed
to protect the surface of the Jleased ares and the natural
macurces and Improvements therson.

() Nol 1o cut Umber on the lessed ares without
prior pemission of, of in violation of the provisions and
conditions made by an authorized officer.

(i} That nothingcontained in this leane shall restrict
the scquisition, granting, of wae of permits ot rights-of-
woy wnder existing lawa by an suthorized Federal officer.




HEVADA RAD CLOSURE COSTS
CLOSURE FUND BALANCE

NET PRESENT VALUE @ 2% $2,392,7465

CLOSURE  ANHUAL CLOSURE
YEAR  CLOSURE COST FUND
’92 DOLLAR BALANCE

2 21 GRONTH

6/30/92 $5,292,599
1993 $49,283 $4,649,232
1994 $141,943 $4,680,274
1995 429,115 $4, 643,165
1995 $29,115 $4,727,313
1997 29,115 $4,792,744
{998 29,115 , $4,859, 484
1999 29,115 $4,927,559
080 §29,115 $4,996,995
008 $29,115 $5,P47,821
002 $179,115 $4,998,062
2003 $29,115 $5, 068,748
084 29,115 $5,132,049
2085 429,115 $5, 286,391
085 $29,115 $5,281, 484
2087 $29,115 $3,357,917
088 §29,115 85,435,960
2009 29,115 $5,515, 545
18 $29,115 $5,596, 741
Wii 29,115 $5,679,561
012 $29,115 $5, 744,858
813 $29,115 $5,858, 224
014 $29,185 $5,938,114
W15 $29,115 $6,027,76)
16 $29,115 $6,119,282
017 137,343 $6, 184,243
018 $29,115 $6,197,213
017 429,115 $6,292,842
2028 429,115 $6,388, 768
W21 $29,115 $b,487,42%
2022 $29,115 $6,580, 862
2823 $29,115 $6,698, 709
024 $29,115 $6,795,488
25 429,015 $6,902, 28
2826 829,115 $7,011,130
W27 $29,115 $7,122,238
2028 $29,115 $7,235,568
2029 $29,115 $7,351, 144
038 $29,115 47,469,073
2031 29,115 $7,589,339
032 829,115 $7,712,011
2033 $29,115 $7,837,137
2034 $29,115 $7,964,764
2035 429,115 £8,094, 945

2036 $29,115 $8,227,729




2837
2038
2039
2048
2841
2042
2043
2844
2845
2846
2047
2048
2049
2059
281
2052
2853
2034
2055
2856
2037
2058
2059
2060
2041
2Be2
2063
2854
2865
2086
2867
2858
2849
2870
2871
2872
2873
2874
2875
2876
2877
018
2879
2068
2081
2082
2883
2084
2885
2086
2087
2888
2889
2090
22914
2092

$29,115
$29,115
$29,115
$29,115
$29,115
$279,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$137,343
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
£29, 115
$29,115
$29,115
$29, 115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$29,115
$529,115

$8,343, 169
$8,581,317
$8, 647, 229
49,705, 958
$8,932,563
$8,832,899
$8,979, 626
$3,130, 184
$9,283, 591
$9, 448, 148
$9,599, 834
$9,762,718
£9,928,857
$18,098, 319
$10,271,17!
$10,447,479
$10,627,314
$18,819, 746
$18,997, 845
$11, 183, 688
$11,383,346
$11,581,899
$11,784,422
$11,999,995
$12,201,790
$12,416,519
$12,635, 837
$12,859,439
413,887,513
$13,328, 148
$13,449, 208
$13, 489,077
$13,933,744
$14, 183, 304
$14,437,855
$14,497,497
#14,962,332
415,232, 444
415,587,999
$15, 769, 844
$16,875,719
$16,348, 189
$16, bbb, 356
$16,979, 548
$17,289,845
$17,597,347
$17,920,200
$16,249, 489
$18,585, 364
$18,927, 95
$19,277, 42D
419,633,834
$19,997,395
$20, 348, 22
$28,745,478
$2B, 632,293




GRAVEL CAP DESIGN ANALYSIS
USING THE WIND EROSION EQUATION
BEATTY LOW-LEVEL RADIOACTIVE WASTE DISPOSAL SITE
BEATTY, NEVADA
The effects of wind erosion on the cell caps at the Beatty, Nevada- Low-Level
Radioactive Waste Disposal site were evaluated using the Wind Erosion Equation
(HEE).] The WEE expresses the amount of erosion, in tons per acre per year,
from a given soil surface as a function of several parameters. Soil loss is a
function of cloddiness, surface roughness, surface soil moisture, vegetation,

wind velocity and windward distance across the cap surface and is expressed by:

A = f (K', C', L', T", V')
where
A' = 5011 loss
K' = a soil erodibility index
T' = a soil ridge roughness factor
C' = a c¢limate factor
L' = field length along the prevailing wind erosion direction
V' = an equivalent quantity of vegetative cover

Climatic Factor C'

The climatic factor C' combines two aspects of the erosion process - wind
velocity and near-surface water content. C' has been calculated for most
regions of the United States on an average monthly basis; however there has
been no evaluation done in Nevada. However, as noted below, a C' value was
selected for an area with similar c¢limatic features.

At the present time, the USGS is reviewing hourly weather data recorded at the
Beatty facility since 1986. The compiled data should be available by January,
1990. For this study, for the purpose of estimating the wind erosion at the
site, wind velocity data obtained from the National Weather Service for Las
Vegas was used in the calculation. The values are:

1 "Design and Construction of Covers for Solid Waste Landfills"“, U.S. Army
Engineer Waterways Experiment Station, Vicksburg, MS, NTIS No.
PB80-100381, Aug. 1979,




Case Wind Speed

Average Wind 8.1 mi/hr
Average Gusts 30 mi/nr*
Maximum Recorded Gusts 75 mi/hr

The C' values shown for the surrounding areas were reviewed (See attached
Figure 681}. Wind speeds below 13 mph are indicated by experimentation to
be nonerosive (C'=0). By reviewing the map showing C' values for areas with
similar climatic features and the wind data from Las Vegas, a C' value of 70%
will be used in the caiculation.

Soil Erodibility K'

Soi1 erodibility K' incorporates the nature of the soil and an adjustment for
knoll or hill configuration. K' s equal to the product of the soil
erodibility factor from attached Figure 691 and the knoll adjustment
obtained from attached Figure 701. To obtain the value for percent coarse
fraction required to determine the erodibility factor, three samples were
obtained from site stockpiles. A grain size analysis was performed on each.
The results are attached. The worst case (i.e. the sample with the largest
percentage of fines) was used to obtain the erodibility index. A coarse
percentage of 46% corresponded to an erodibility index from Figure 69 of 40
tons/acre. The knoll adjustment factor from Figure 70 is 1.5 for ah average
assumed cap slope of approximately 3%.

Soil Ridge Roughness Factor T'
Soil ridge roughness is a measure of the surface roughness other than caused

by clods or vegetation. It is determined from direct observations and given
in terms of the actual amplitude measurement from crest to trough in the
ground microtopography. Since final capping activities have not begun, it was
assumed that the cap will be graded to a ridge roughness of approximately 2".

From the attached Figure 711, a soil ridge roughness of 2" corresponds to a
value of .52 for T'.

* Fstimated




Field Length Factor L'
The equivalent field length L' is defined as the unsheltered distance along

the direction of prevailing wind erosion. From a site topographic map, it was
estimated that this distance is approximately 1000'.

Vegetative Cover V'

The vegetative cover quantity Y' combines type and orientation effects with
the actual tons per acre of vegetative cover at site closure. An average
value of 1000 1bs/acre was used in the calculation. This value is estimated
to be representative of the density of vegetation to be present on the site

caps at closure.

WEE Calculation

There are several steps invoived to obtain the soil loss for a particular soil
type. The parameters K', T', and C' are multiplied as shown below to obtain
the variables A';, A',, and A's. The values for A'y and A'5, along

with the parameter L' are used in a nomograph (Figure 72) to determine another

variable A'4. To get the actual amount of soil loss due to wind erosion,
the chart, attached Figure 74], is used. The chart uses the variable A‘4,
which has already been determined and V' to determine the value for soil loss,

which the chart refers to as A‘S.

A'1 =K' x 1.5 {Knoll Adjustment Factor)

= 40 tons/acre x 1.5
= 60 tons/acre

A'2 = A'] XxT'
= 60 tons/acre x .52
= 31.2 tons/acre

A'3 = A'2 x C'
= 31.2 tons/acre x .70
= 21.8 tons/acre

As stated above, a graphical solution is used to determine A'4. Refer to
attached Figure 721. Using L' = 1000, a value of 14 tons/acre/year 1is

obtained.




The chart on attached Figure 741 is used to determine soil loss. For V' =
~ 1000 1bs/acre and A'4 = 14 tons/acre/year, A'5 = 9 tons/acre/year.

A cap thickness above grade of 7 feet will be used to estimate the amount of
material that may be lost due to wind erosion over a design life of 500
years, Using a thickness of 7 feet will result in the most conservative
value, since the actual design thickness of the closure cap ranges from 7 to
13 feet above grade. The unit weight of the cap material is assumed to be
approximately 108 1b/ft°.

Soil loss rate = 9 tons x 2000 1b x 1 acre X ft3' = ,004 ft/year

Acre 1 ton 43560 ¥t° 108 1b

After 50 years, .20 feet of fine grained material may be eroded.

The percentage of fine graded material will decrease due to the erosion
process. The following ratios were used to obtain a new percentage of coarse
and fine material.

New cap thickness = 7.00 - .20 = 6.80 ft

Original Cap After 50 Years
% Passing #200 3.8 = 54% 3.8 - .20 = 53%
Cap thickness 7.0 7.0 - .20
% Retained 46% 47%

The 47% at year 50 is now used to determine a new K'.

New K' (from Figure 89) = 38 ton/acre

A'2 =38 x 1.5 x .52 = 29.6 tons/acre

A'3 = 29.6 x .70 = 20.7 tons/acre

A'4 = {from Figure 72) = 12 tons/acre

Al = (from Figure 74) = 7 tons/acre/yr = .003 ft/yr



After the next 100 years, .30 ft of fine grained material may be eroded. The
change in the percentage of fine and coarse grained material is shown as:

After B0 Years After 150 Years
% Passing #200 h3% = 3.60 3.60 -".30 = 3.3 = 51%
Cap Thickness 6.80 6.80 - .30 6.5
% Retained 47% 49%

Again, the 49% at year 150 is now used to determine a new K'.

New K' {from Figure 69) = 36 ton/acre

Al 28 tons/facre

2
A'3 = 19.7 tons/acre
A'y = 11 tons/acre/yr
Alg = 6,5 tons/acre/yr = .003 ft/yr

After an additional 150 years .45 feet of fine grained material may be
eroded. The change in the percentage of fine and coarse grained material is

shown as:
After 150 Years After 300 Years
% Passing #200 3.3 = 51% 3.3 = .45 = 2,85 = 47%
Cap Thickness 6.5 6.5 - .45 6.05
% Retained 49% 53%

The 53% at year 300 is now used to determine a new K'.
New K' (from Figure 69} = 32 tons/acre

25.0 tons/acre

3 17.5 tons/acre

9.0 tons/acre/yr

5.5 tons/acre/yr = 002 ft/yr

= = = =
1- - ~a
I 1 i 1




After an additional 200 years, .4 feet of fine grained material may be eroded.

Conclusion

At the end of the design 1ife of 500 years approximately 1.35 feet of fine
grained material méy have been eroded, which equates to a final thickness of
5.65 feet in the areas where the original above grade cap thickness was a
minimum of 7.00 feet. This analysis assumes that the fine grained material is
eroded uniformly throughout the thickness of the cap, which is a very
conservative assumption. Generally only the upper 6 inches to a foot is
affected by wind erosion after which the coarse graded fraction prevents any
further cap loss. The analysis also conservatively assumes there will be no
soi1 dispositon or maintenance performed on the cap, such as placing
additional material in areas that are affected by wind erosion.
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Figure 69. Wind erosion versus percent
coarse fraction.93
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