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APPENDIX A 

PROJECT DESCRIPTION 

PREFACE 

This appendix is based on the Yucca Mountain Environmental Assessment 
(EA) (DOE, 1986). Revised and more detailed information on the facility 
design is available in the Site Characterization Plan Conceptual Design 
Report (MacDougall, to be issued). Revised and more detailed information on 
the site characterization phase will be available in the Site Character
ization Plan and associated study plans (to be issued).  

A.1 SITE CHARACTERIZATION ACTIVITIES 

The activities discussed in the RU are part of the NNWSI Project 
activities. This section contains a description of the site characterization 
activities currently planned for the Yucca Mountain site. The activities 
consist primarily of field studies, the construction of the exploratory shaft 
facility (ESF), and the tests conducted in the ESF.  

A.1.1 FIELD STUDIES 

Since 1978, the DOE has been conducting tests and surveys in the 
vicinity of the Yucca Mountain site to obtain preliminary information on the 
geologic, hydrologic, and geophysical characteristics of the site .and the 
surrounding area. These tests and surveys include exploratory drilling and 
testing, the geomechanical and geochemical testing of core samples, geo
physical surveys, hydrological tests, and geologic mapping. Similar tests 
and surveys may be conducted at Yucca Mountain through site characterization.  

A.1.1.1 Exploratory drilling 

Exploratory drilling and testing activities provide data that allow the 
three-dimensional characterization of the geologic, thermomechanical, hydro
logic, and geochemical characteristics of the site and the surrounding area.  
By drilling exploratory holes, one can 

1. Collect cores; describe the geology of the cores; and determine the 
physical, mechanical, thermal, and geochemical properties of the 
cores.  

2. Investigate geophysical properties below the surface.  

3. Measure in situ stress.  

4. Test hydraulic conditions in the unsaturated and saturated zones.
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5. Collect water samples for chemical analysis.  

Since 1978, the DOE has dri!ied several exploratory holes and has 
conducted geologic and hydrologic investigations at Yucca Mountain.  
Additional environmental impacts might be expected from further exploratory 
drilling at the site for site characterization. The following discussions 
identify the types of drilling activities that potentially create impacts 
that must be evaluated.  

Each drill site must be prepared to accommodate a drill rig and crew.  
Site preparation activities include clearing and grading the site and staging 
area, constructing a raised and leveled drill pad, constructing a parking 
area and equipment yard, excavating fill dirt from either adjacent or nearby 
areas, and constructing a mud-and-cuttings pit. It is assumed that an 
average of 1 ha (2.5 acres) per drill site would be disturbed by site 
preparation. After the site has been prepared, an exploratory hole would be 
drilled, and associated core logging, geophysical logging, and hydrologic 
testing would be performed.  

Equipment and facilities that would be used at the drill site include a 
diesel-powered drill rig, pumps for circulating the drilling fluid, drill 
pipe, drilling and coring tools, two trailers for supervisory and laboratory 
space, an electric generator, and an air compressor. Solid waste would be 
hauled from the site to an existing landfill on the NTS. The water that 
would be used for drilling, dust suppression, compaction, and human 
consumption would be trucked daily to the drill site. Waste drilling fluids 
and cuttings would be confined in the mud-and-cuttings pits.  

Some of the downhole geophysical logging would be performed with a 
contained and retrievable radiation source such as Cs-137, and Am-241/Be.  
The use of such sources is a common practice in geologic characterization.  
Logging tools with radiation sources are used to remotely determine the 
degree of water saturation, rock density, and other physical characteristics.  

Hydrologic tests would also be performed using radioactive materials.  
The introduction of radioactive tracer material is a common technique for 
investigating the movement of water in geologic media (Bedmar, 1983; Rao, 
1983). The radionuclides commonly used as artificial tracers to determine 
the movement of groundwater include 1-131, Cr-51, Rb-8, Ru-103, and Br-82.  
These materials have short half-lives ranging from one day to tens of days.  
Movement of the tracer through water or rock can be readily determined 
because the background concentration of the tracer in the water or rock is 
zero. The behavior of radionuclides during transport can also be predicted 
more accurately if tests are conducted with tracers that are known to mimic 
the behavior of the important chemical species present in the radioactive 
waste.  

A.1.1.2 Geophysical surveys 

Geophysical surveys provide a means to obtain information about the 
subsurface geologic conditions without having to drill deep boreholes. The 
surveys can be used to map the geometry of geologic structures at depth and
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to recognize contacts in stratigraphic sequences. Some geophysical 
techniques are useful for detecting major changes in rock density at depth or 
magnetic or electrical properties. Each of these techniques may require land 
surveying and geologic reconnaissance either on foot or by off-road vehicles 
or aircraft.  

A.l.1.3 Geologic mapping 

Geologic mapping is conducted to record the surface features and charac
teristics of exposed rock in the area. This type of mapping uses aerial 
photography and requires detailed field observations either on foot or by 
using off-road vehicles. Occasionally, the surface study is supplemented by 
shallow subsurface investigations requiring trenching. Typically, the 
trenches are approximately 2 m (7 ft) wide, range from I to 3 a (3 to 10 ft) 
deep, and are from 30 to 60 m (100 to 200 ft) long. The walls of shallow 
trenches are kept straight, smooth, and as nearly vertical as possible.  
Deeper trenches are terraced for safety reasons, and may be as wide as 8 m 
(25 ft). Trenching and additional geologic mapping would be performed during 
site characterization.  

A.1.1.4 Standard operating practices for reclamation of areas disturbed by 
field studies 

Standard operating practices for reclamation and habitat restoration 
include: 

1. Removing and disposing of concrete and surface debris from drill 
pads to a landfill at the NTS.  

2. Disking or ripping of drill-pad areas and then roads to relieve 
compaction and to mix the surface soil with the underlying soil.  

3. Filling the mud-and-cuttings pit (after removal of drilling fluids 
or sludge, as appropriate) and geologic study trenches with 
stockpiled topsoil or material removed during excavation.  

4. Contouring disturbed areas to reestablish natural drainage patterns, 
to minimize erosion, and to blend with the surrounding land 
contours.  

5. Distributing available stockpiled topsoil over the recontoured area 
in a manner that minimizes erosion and encourages moisture 
retention.  

6. Ripping or disking the compacted unpaved roads that are no longer 
used and recontouring and stabilizing the disturbed road area to 
minimize erosion and encourage revegetation.  

Because (1) reclamation and habitat restoration in fragile, arid 
ecosystems are not completely understood and (2) long periods of time are
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required to reestablish mature vegetation associations, the effectiveness of 
habitat restoration is not clear. Consequently, the process will have to be 
evaluated and adjusted in response to continuing restoration studies.  

A.1.2 EXPLORATORY SHAFT FACILITY (ESF) 

During site characterization, the DOE will construct an ESF to provide 
access for detailed study of the potential host rock as well as the overlying 
and underlying strata. The excavation and construction of this ESF would be 
the primary source of potential environmental impacts during site characteri
zation. The ESF would consist of (1) an exploratory shaft large enough for 
the transport of people, materials, and equipment (inside finished diameter 
of 3.7 m (12 ft)), (2) underground testing areas, (3) a secondary egress 
shaft (inside diameter of 3.7 m (12 ft)), and (4) the surface facilities 
needed to support construction and testing (Figure A-i). Both shafts would 
extend slightly beyond the proposed depth of the repository. The underground 
testing areas would be excavated from breakout rooms at three levels. A main 
test facility with drifts and rooms would be excavated into the host rock 
from the middle breakout room. The secondary egress shaft would be used for 
ventilation and would provide another means of egress from the underground 
areas. It would be connected to the exploratory shaft by a drift.  

The ESF would be located in Coyote Wash on the eastern side of Yucca 
Mountain at an elevation of about 1,300 m (4,200 ft). Figure A-2 shows the 
proposed site, utility lines, and the access road. It also shows the 
administrative boundaries of the NTS, the Nellis Air Force Range, and the 
Bureau of Land Management (BLM). This site was selected from five sites that 
were considered as possible locations for the exploratory shaft (Bertram, 
1984).  

The following sections describe the presently conceived ESF, the plans 
for testing, and the items being considered to minimize environmental damage 
and satisfy applicable local, State, and Federal requirements.  

A.1.2.1 Surface facilities 

Construction of the surface facilities is expected to take from six to 
seven months to complete. The site would first be cleared and graded; then 
it would be stabilized with 15 cm (6 in.) of gravel. Existing natural 
drainage channels would be diverted to control potential runoff from a 
probable maximum precipitation event. Site preparation would require cut
and-fill to provide a level pad (the exploratory shaft site pad) for th) 
surface structures and the parking area. About 70,000 m (2,500,000 ft ) of 
fill material would be removed from borrow areas east and west of the pad.  
Both the exploratory shaft and the secondary egress shaft would be located on 
this exploratory shaft site pad. In addition, an auxiliary pad would be 
located about 240 m (800 ft) to the east of the main pad and would be used 
for a visitor center and to accommodate support buildings, trailers, and 
additional parking. The surface area that would be required for all of the 
exploratory shaft facilities is about 8 ha (20 acres).
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Figure A-i. Three-dimensional illustration of the exploratory shaft facility.
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Figure A-2. Location of proposed exploratory shaft facility and utilities.  
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The parking area and the access road would be paved with a double oil
and-chip layer. The access road from Jackass Flats has been improved to the 
boundary of the NTS to accommodate heavy equipment. The road is 7 m (23 ft) 
wide, has 1-m (3-ft) shoulders, and is surfaced with a double oil-and-chip 
layer. The remaining 400 m (1,300 ft) of the road to the exploratory shaft 
site pad would be constructed on fill to maintain a grade that would not be 
greater than 10 percent. This road would disturb a path 50 m (160 ft) wide, 
including drainage channel modification.  

Prefabricated metal buildings would be assembled at the site on concrete 
foundations to provide space for shops, a warehouse, hoist houses, and the 
integrated data system. The main hoist house would accommodate two hoists.  
Another hoist house would be erected near the secondary egress shaft. Sev
eral trailers would be located on the exploratory shaft pad and used for 
change rooms, office and laboratory space, data acquisition, and a first-aid 
room. Showers and lockers would be provided for the technical staff and for 
the mining crew. Most structures would have restrooms, electric space and 
water heating, and air conditioning.  

Magazines would be required for the storage of explosives. The size and 
location of the magazines would depend on the maximum amount of explosives 
and detonators to be stored at any time and the provisions of appropriate 
regulations (such as the California Mine Safety Act).  

The water supply would be pumped from existing well J-13 on the NTS 
through a 10 km (6.2 mi) long, 15 cm (6 in.) diameter polyvinylchloride pipe 
buried about 0.6 m (2 ft) below grade. The pipeline, constructed in the bee 
of the old access road to the NTS boundary, is adjacent to the new paved 
road. One pumping station is at well J-13 and a booster pumping station is 
at about the half-way point (based on elevation).  

Sewage will be disposed of by means of collection piping from all build
ings and trailers to a septic tank and drain field located east of the ESF 
(beyond the perimeter of the proposed repository subsurface facility). Rock 
removed from the underground workings will be stored in a rock-storage pile.  
The location of the rock-storage pile has not yet been determined, but it 
will be placed to the east of the ESF beyond the perimeter of the proposed 
repository subsurface facility. The rock debris removed from the 
construction of the shafts, from breakout rooms, from the drift connecting 
the two shafts, and from the main underground test facility would be 
transported to the surface and hauled to the rock-storage pile. The 0.6-ha 
(1.5-acre) rock-storage pile area would be sufficient to accommodate the 
39,000 m (1,300,000 ft 3 ) of broken rock that would be produced during shaft 
and drift mining. Dust from the dumping operation would be controlled by 
appropriate wet suppression techniques. Water and other fluids that would be 
used for core drilling, including air-water mist, bentonitic mud with water 
control agents, and polymer foam would be disposed of on the rock-storage 
pile. The rock-storage pile will be bermed and lined with an impermeable 
liner to minimize discharge of these fluids to the surface or to the 
groundwater. This berm would be designed to contain a volume of 1,400 m* 
(375,000 gal) of liquid. Solid refuse would be hauled to an existing 
landfill on the NTS.
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A concrete batch plant would be established to provide storage and mix
ing of the materials that would be used to make concrete and grout for site 
characterization activities. Approximately one acre will be cleared for the 
batch plant. Aggregate (crushed rock), sand, and perhaps cement would be 
stored in this area. These materials would be mixed with water to make 
concrete and grout. Water would also be used to wash out the trucks that 
would be used to mix and carry the concrete and grout. Both the washdown 
water and the batches that do not meet specifications would be disposed of on 
the rock-storage pile. Some equipment and trucks may be washed down at the 
batch plant, and thl wash water may be disposed of at the batch plant site.  
Approximately 110 m (30,000 gal) of water may be used for washdown during 
surface and subsurface construction.  

The veitilation fans located at th1 syrface would be capable of provid
ing 1,135 m /min. per minute (40,000 ft /m ) of air to the underground work
ings. The ventilation system would meet all the requirements of the Tunnel 
and Mine Safety Orders of the State of California as specified by DOE Orders 
5480.1A and 5480.4 (DOE, 1981, 1984). With a rock temperature of 27"C (80*F) 
at the 370-m (1,200-ft) depth, the system would maintain underground 
temperatures at a level that is suitable for a work regimen of 75 percent 
work and 25 percent rest. The fans would have reverse flow capability to 
exhaust smoke, fumes, and dust from blasting in the underground workings.  
Shaft ventilation after blasting (smoke-out) would normally be accomplished 
by sucking out the gases produced by the blasting before they have a chance 
to diffuse throughout the drift.  

Backup fans and emergency power for the ventilation system would also be 
provided. Two air compressors would supply primary and backup capability for 
air drillijg of undergrounf boreholes. Each would have a capacity to com
press 40 m 'min. (1,500 ft /min.) of free air to a gage pressure of 860 kPa 
(125 lb/in. ) on a sustained basis. This system would include foundations, 
electrical supply controls, and distribution piping. The air compressors 
would be located near the power substation to separate the shaft and 
buildings from the noise.  

Although large quantities of water are not expected to be encountered in 
the underground facilities, it is possible that perched water zones and 
percolation seepages could release some water to the underground facilities 
during construction and testing. Such water would be collected in a sump and 
then pumped to the surface and discharged on the rock-storage pile. There 
would be a backup susp pump and emergency power. The quantity of water 
removed from the shafts would be estimated and recorded.  

A.1.2.2 Exploratory shaft and underground workings 

The current plans are to mine the exploratory shaft to a total depth of 
about 450 m (1,480 ft), which is about 23 m (75 ft) below the contact between 
the overlying Topopah Spring Member and the underlying tuffaceous beds of 
Calico Hills. This total depth would provide about 15 m (50 ft) of penetra
tion into the pervasively seolitized interior of the Calico Hills unit and 
would leave undisturbed a minimum thickness of about 85 m (280 ft) of the
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Calico Hills unit above the water table. The design diameter of the exca
vated shaft is 4.3 m (14.1 ft), and the finished diameter would be 3.7 m 
(12.1 ft).  

After the surface facility has been completed, the exploratory shaft 
would be mined using a conventional drill-blast-muck mining technique.  
Explosives would be placed into small holes drilled in the rock and deton
ated; the resulting rubble would be collected and hoisted from the shaft.  
Conventional mining, instead of drilling, was selected because it would allow 
geologic and hydrologic conditions above, below, and within the candidate 
host rock to be examined during exploratory shaft construction. Conventional 
mining would minimize the potential introduction of water and other contami
nants into the unsaturated zone, thereby reducing the possibility of affect
ing the results of the tests designed to measure the groundwater flux and the 
undisturbed moisture content of the rock.  

The mucking operation may be somewhat more dusty than it would be in a 
typical mine because minimal amounts of water woild be used to suppress dust 
in the shaft. Normally, the rubble would be sprayed with water before muck
ing to provide additional dust control. However, in the exploratory shaft, 
water would be used sparingly so that tests to characterize the unsaturated 
zone would not be affected. All water used in shaft construction, including 
the water used for making liner concrete, would be tagged with a suitable 
tracer. The quantity of water entering the shaft, the humidity in the air 
supply, and the humidity in the exhaust ventilation air would be metered and 
recorded.  

Breakout rooms would be excavated at the 160- and 310-m (520- and 
1,020-ft) levels during shaft construction. The shaft would be mined to 
450 m (1,480 ft) before a final breakout room would be excavated at the 
bottom of the shaft. The main underground test facility would then be mined 
from the middle breakout room at 370 m (1,200 ft). Current plans are to mine 
the underground test facility and drifts using conventional drill-blast-muck 
methods.  

A.1.2.3 Secondary egress shaft 

According to the current plans, a 200-mm (8-in.) pilot hole would be 
drilled from the surface using a down-hole compressed-air hammer drill.  
Because this type of drill uses air in the drilling process instead of a 
waterbased drilling fluid, it avoids introducing water into the host rock.  
The pilot hole would be drilled to a depth of 370 m (1,200 ft), which is the 
depth of the main underground test facility. A dust-filtering system would 
be used to catch airborne dust.  

The method of mining is expected to be similar to that used for the 
exploratory shaft (Section A.1.2.2). The rock debris would be removed 
through the exploratory shaft and would be dumped on the rock-storage pile.  

The water necessary for cooling and for dust suppression during drilling 
would be tagged with a suitable tracer (probably sodium bromide) to differen
tiate it from any in situ water in the unsaturated zone. Most of the water
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would be removed along with the rock debris and deposited on the rock-storage 
pile where it would evaporate.  

After drilling, the secondary egress shaft would be lined with a steel 
casing. A hoist, head frame, and hoist house would then be constructed.  

A.1.2.4 Exploratory shaft testing program 

The goal of the exploratory shaft testing program is to obtain the 
information required to assess the intrinsic ability of the geologic setting 
at Yucca Mountain to isolate high-level waste. Information would also be 
acquired that would assist in the design of engineered components, such as 
drifts, emplacement holes, and waste disposal containers. The underground 
test program is being designed to provide information needed to address com
pliance with Federal regulations related to performance and siting criteria 
for high-level waste repositories. Before individual tests are started, the 
engineering test plans would be prepared for those tests.  

The tests in the ESF that are being considered at this time can be 
grouped into two general categories: construction phase tests (tests that 
would be initiated concurrently with shaft sinking), and in situ phase tests 
(tests that would be initiated after shaft sinking is complete). Some of the 
construction phase tests would'continue into the in situ test phase.  

Construction phase tests. Ten construction phase tests are planned.  
One of the ten tests (shaftwall mapping, photography, and hand specimen 
sampling) would be conducted routinely after each round of blasting as the 
shaft is sunk. Three of the tests require large block samples that would be 
collected from 15 to 30 locations in the shaft. The pore waters that would 
be extracted from the large block samples would be chemically analyzed and 
dated using Cl-36 techniques. Laboratory measurements of geomechanical 
properties are also planned on these samples. The fifth test, unsaturated 
zone water sampling, would only occur if perched water was found during shaft 
sinking, which is not considered likely.  

The basic shaftwall mapping is expected to require one to two hours 
after each round of blasting, but if large blocks or water samples are to be 
collected, an additional one to two hours may be required.  

The remaining five tests would be at selected depths. These tests 
represent nonroutine operations and would require planned pauses in shaft 
sinking operations from several hours to several days. The five tests are 

1. Vertical coring.  

2. Lateral coring to confirm the adequacy of geologic and hydrologic 
conditions before constructing breakouts at the 160-a (520-ft) 
level, at the 370-m (1,200-ft) level, and at the shaft bottom at 
450 m (1,480 ft).  

3. Overcore drilling to measure in situ stress conditions.
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4. Breakout room tests to assess the constructability and the stability 
of repository-sized drifts.  

5. Shaft-convergence tests between the 160-m (520-ft) and 310-m 
(1,020-ft) breakouts.  

In situ phase tests. Fifteen in situ phase tests are currently planned.  
These tests would begin after the shaft has been completed to the required 
depth. Most of the in situ tests would be at the 310-m (1,020-ft) level.  
The in situ phase tests can be grouped into six categories according to the 
site information that would be obtained. Geologic information on fracture 
frequency and orientation would be obtained by mapping the walls of the 
drifts in the testing area. Lateral coring would provide geologic 
information on the continuity and structure of the proposed host rock.  
Hydrologic data would be obtained from permeability and infiltration tests 
both in the Topopah Spring Member and in the underlying tuffaceous beds of 
Calico Hills. Geochemical tests would investigate the potential for 
retardation of radionuclide movement by various physical and chemicalsorption 
processes. Geomechanical tests would simulate the effects on the host rock 
of the temperature increases caused by the heat emitted by the emplaced 
waste. Tests are also planned to assess the stability of mined openings and 
to make other in situ measurements required to design a safe repository. The 
tests in the remaining category would investigate the physical and chemical 
characteristics of the emplacement environment to provide information 
necessary for proper design of waste disposal containers and engineered 
barriers.  

A.1.2.5 Final disposition 

The Nuclear Waste Policy Act of 1982 (Section 113) (NWPA, 1983) requires 
that the site characterization plan for a candidate site contain provisions 
for the decontamination and decommissioning of the site. Radiation sources 
used in geophysical logging would be fully contained and retrievable.  
Radioactive materials that would be used as tracer material in hydrologic 
tests have short half-lives ranging from several hours to tens of days. The 
current plans for site characterization at Yucca Mountain do not include the 
use of high-level radioactive materials. Therefore, no decontamination is 
expected to be needed after site characterization. The final disposition of 
the ESF would depend on the results of the site characterization program and 
the DOE decisions about sites for the first and the second repository. Thus, 
there are three possible exploratory shaft dispositions: 

1. The site characterization program may show that Yucca Mountain is 
unsuitable for a radioactive-waste repository. In this case, the 
ESF would be either decommissioned or preserved for other uses.  

2. The site may be shown to be suitable, but the first repository may 
be built at another site. In this case, the ESF would not be 
decommissioned until a final decision was made as to whether the 
site is needed for the second repository.
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3. The site may be shown suitable and be selected for the first reposi
tory. In this case, the ESF would be incorporated into the 
repository.  

To develop decommissioning strategies fully, final decisions about 
techniques for shaft sealing may require data from site characterization.  

If the Yucca Mountain site is eliminated from consideration as a poten
tial repository site and no alternative uses are identified, then decommis
sioning would begin as soon as possible after the decision. In addition to 
the shaft sealing, decommissioning would include the removal of all 
buildings, fences, trailers, electric generators and distribution equipment, 
communications equipment, and explosives magazines.  

The excavation and removal of subsurface utilities are generally more 
costly and more environmentally disturbing than leaving them buried in place.  
Consequently, if the site is abandoned, any portion of the utilities that 
extends above the ground would be cut off below grade, and the structures 
would be covered during the reclamation of the surface. Other subsurface 
structures would be backfilled and closed if no longer needed.  

A.1.3 OTHER STUDIES 

Some ongoing activities, including both field and laboratory studies, 
would be continued dring site characterization. These activities are 
perceived to have little or no potential for environmental impacts. Among 
them are studies of past hydrologic conditions, paleohydrology, tectonics, 
seismicity, volcanism, and ground motion induced by weapons testing.  
Laboratory analyses of cores and water from boreholes would be made. The 
repository-sealing technology developed in the laboratory would be tested in 
the field, and techniques for dry horizontal drilling would be developed to 
provide that capability if it is required in the exploratory shaft.  

A.1.3.1 Geodetic surveys 

Geodetic surveys to monitor any tectonic movements that may occur in the 
Yucca Mountain area began in 1983 and would be continued during site 
characterisation. The surveys use a 70-km (43-mile) level line that extends 
from the southwest corner of Crater Flat at U.S. Highway 95 along existing 
roads in Crater Flat; crosses Yucca Mountain, Jackass Flats, and Skull 
Mountain; and finally ends in Rock Valley. In addition, a quadrilateral 
network has been installed across selected faults in the Yucca Mountain area.  
Both the installation of bench marks and the initial survey were completed in 
June 1983. A resurvey was made near the end of 1983, and yearly resurveys 
will be made to measure changes, if any, of the Earth's crust in this area.  
Wherever possible, the required bench marks were installed along existing 
roadways. However, some bench marks were installed where no roads exist.  
Future access to these bench marks would require the use of either an 
off-road vehicle or a helicopter.
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A.1.3.2 Horizontal core drilling 

Experimental horizontal core drilling from the surface was conducted at 
Fran Ridge in 1983 to develop prototype dry-drilling techniques for use in 
the exploratory shaft. Surface core drilling at Fran Ridge required a bladed 
road for access; a drill pad, about 30 by 46 m (100 by 150 ft), for emplace
ment of the horizontal boring machines; and a smaller pad, 18 by 6 m (60 by 
20 ft), for electric power generators. Additional prototype drilling may be 
conducted during site characterization.  

A.1.3.3 Studies of tectonics, seismicity, and volcanism 

Potentials for faulting, earthquakes, volcanic activity, and accelerated 
erosion in the Yucca Mountain area are being assessed. Studies include 
investigating the rate, intensity, and distribution of faulting; monitoring 
and interpreting present seismicity; studying the history of volcanism; and 
evaluating past rates of erosion and deposition. Volcanic and tectonic 
studies focus on the history of Pliocene and Pleistocene activity within the 
southern Great Basin, particularly the Yucca Mountain region. These studies 
use data from boreholes, trenches, mapping, geophysical surveys, and 
seismic-monitoring stations. The studies would be continued during site 
characterization.  

A.2 POST LICENSE APPLICATION ACTIVITIES 

The function of a repository is the permanent isolation of high-level 
radioactive waste as well as the isolation of radioactive waste generated at 
the repository from the handling of incoming wastes. The total quantity of 
waste to be emplaced at the repository is limited by the Nuclear Waste Policy 
Act of 1982 (NWPA) to the equivalent of 70,000 metric tons uranium (MTU) 
until a second repository is in operation (NWPA, 1983).  

Some of the most important features of a conceptual repository design 
are illustrated in Figure A-3. The conceptual design of the prospective 
repository consists of a surface facility, a subsurface facility, and a means 
of access from one facility to the other. Figure A-3 shows rasps as the 
means of access from the surface to the underground repository where mined 
access drifts connect with other mined drifts in which the waste is emplaced.  
The waste would be emplaced in holes drilled either horizontally into the 
walls of the emplacement drifts or vertically into the floors. According to 
the current design concept, the repository would receive 62,000 im of spent 
fuel and 8,000 MTU-equivalent of defense high-level waste. It would be cons
tructed in two stages and would be able to receive spent fuel as early as 
five years out of the reactor.  

Under the design concept (DOE, 1985) the repository would receive 
defense high-level waste at a rate of 400 MTU-equivalent per year beginning 
in 2003, the sixth year of operation. The waste would be in the form of 
borosilicate glass contained in waste disposal containers approximately 0.6 m 
(2 ft) in diameter, 3 m (10 ft) high, and weighing about 1.8 metric tons
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(4,000 lbs). Shipment would be by either truck or rail. If the shipment is 
by truck, this design would result in approximately three shipments per day 
for defense waste or 800 waste disposal containers per year. In either the 
two-stage repository concept or the current design concept, the Stage 1 
waste-handling building, designed to receive up to 400 MTU per year, would no 
longer be used to receive spent fuel when the Stage 2 facility becomes fully 
operational. In the current design concept, the Stage 1 facility could then 
be used for the receipt and handling of defense waste beginning in 2007.  
Since the defense waste has lower thermal and radiation levels than spent 
fuel, the Stage 1 facility would be totally suitable to perform this 
function.  

The addition of defense waste to the inventory would have little effect 
on the characteristics of the two-stage repository concept. The defense 
waste disposal containers would be placed into the waste disposal container, 
welded, inspected, transported underground, and placed in the disposal loca
tion. Additional personnel would be required for waste-handling and emplace
ment crews, but the number required for approximately three additional pack
ages per day is considered to be within the uncertainties of the manpower 
estimate for the two-stage repository concept. The waste-handling ramp into 
the repository could accommodate the additional packages, and the mining 
activities could prepare the emplacement holes on schedule. Since repository 
area is based on thermal loading, the overall size of the repository would 
not be increased.  

For most of the emplacement phase, the average age will be greater than 
10 years with an estimated 5 to 10 percent aged as little as 5 years. The 
two-stage repository concept, described in this document, is baseu on 10
year-old fuel.  

Since the President has selected Yucca Mountain for site character
ization, the design of the repository is progressing from feasibility and 
conceptual studies, to SCP conceptual design, to advanced conceptual design, 
license application design, and final procurement and construction design.  
The SCP conceptual design and advanced conceptual design will resolve the 
current uncertainties in the design and serve as the basis for the environ
mental impact statement that will be prepared during site characterization.  

The design changes that have just been explained will be resolved in the 
future. The remainder of this section summarizes the assumptions on which 
the evaluation of the Yucca Mountain site is based.  

The surface facility would be along the eastern foothills of Yucca Moun
tain. The subsurface facility would be located approximately beneath the 
ridge line of Yucca Mountain. The proposed highway access would originate at 
U.S. Highway 95, approximately 1 km (0.5 mi) west of the town of Amargosa 
Valley, and extend about 26 km (16 mi) northward to the site. Rail access 
options are presently under evaluation.  

The lifetime of a repository at Yucca Mountain, before it is permanently 
closed, may be divided into several periods: construction, operations, and 
decommissioning. These periods are discussed in detail in Sections A.1.1 
through A.1.4. Stage 1 and a portion of the Stage 2 facilities would be 
constructed and some of the subsurface facilities would be excavated during
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the first 4.3 years of the 7.3-year construction period. The Stage 2 facil
ities would be completed in the last three years of the construction period, 
which would overlap with the first three years of the operations period. The 
operations period, which would last for 50 years, would consist of two 
phases. The first phase is the 28-year emplacement phase. During this 
phase, the radioactive waste would be received and emplaced, and the under
ground facilities and surrounding environment monitored. The second phase, 
the 22-year caretaker phase, would follow completion of waste-emplacement 
operations; the facilities as well as the surrounding environment would con
tinue to be monitored, and the retrievability option would be maintained in 
compliance with NRC requirements for ensuring retrievability at any time up 
to 50 years after waste emplacement begins (10 CFR Part 60). If a decision 
to retrieve the waste were made during the caretaker phase, the lifetime of 
the Project would be extended approximately 30 years during which actual 
waste retrieval would be accomplished. A decision to close and decommission 
the repository could be made at any time during the caretaker phase. The 
decommissioning and closing of the repository would last for an eight-year 
period under the vertical-emplacement alternative or for a three-year period 
under the horizontal-emplacement alternative.  

A.2.1 CONSTRUCTION 

The construction period begins after construction authorization is 
received from the NRC. Repository construction would proceed in two phases 
that would begin simultaneously. Phase 1 construction consists of 
construction and acceptance, and startup testing of the Stage 1 surface 
facility and underground facilities required to accept and emplace 400 MTU 
per year. Phase 2 construction consists of the completion of all the 
facilities, including the Stage 2 wastehandling building, required to 
consolidate and accept 3,000 MTU per year. Phase 2 construction Overlaps the 
operations period. Underground excavation, which would begin in the 
construction period, would continue through most of the operations period.  

Most surface construction would occur at the main surface facilities 
complex. Construction of these facilities is discussed in the following 
section (Section A.2.1.1). Surface construction away from the main surface 
facility complex would include highways and rail connections, mine ventil
ation buildings, and other ancillary facilities. Surface facilities con
structed away from the main surface facility complex are described in Section 
A.2.1.4.  

A.2.1.1 The surface facilities 

The actual location of the surface facilities has not yet been deter

mined. However, a candidate location has been identified for the purpose of 

preparing this document. The candidate location for these facilities is 

along the gently sloping east side of Yucca Mountain, as shown in Figure A-4.  

The surface facilities complex proposed at Yucca Mountain would encompass 
approximately 60 ha (150 acres) of land, all of which would be enclosed by a 
security fence.
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Figure A-4. Two-stage repository site plan. Modified from MacDougall (1985).
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A preliminary site plan of the proposed surface facilities at Yucca 
Mountain is shown in Figure A-5. The surface facilities in the complex would 
be used for waste-handling and packaging operations in support of the under
ground activities and to provide general repository support services. The 
restricted-access area for waste-handling and packaging facilities would 
include buildings and equipment for receiving and packaging all incoming 
wastes (Section A.2.2.1.2 for more details). A facility would also be 
constructed for processing all the radioactive waste generated by onsite 
operations, such as protective clothing, decontamination fluids, and ventila
tion filters.  

Support facilities for the repository would include offices for adminis
trative, management, and engineering staff; a firehouse; medical, training, 
and computer centers; a vehicle maintenance and repair shop; security build
ings; a machine and sheet metal shop; and an electrical shop. Warehouses 
would be constructed to store bulk materials, equipment, spare parts, and 
supplies.  

Facilities for environmental and instrument laboratories would also be 
constructed. Surface facilities in support of the underground operations 
include personnel change-rooms and showers, as well as space to store mining 
equipment and vehicles.  

Electric transmission lines would be extended to Yucca Mountain from 
existing local utility lines on the NTS and a new substation would be con
structed at the site. Utilities that support the repository would include an 
electric power building with emergency electrical generating equipment.  
Steam generating equipment, compressor and chiller systems, and cooling 
towers with water treatment equipment would be included if needed. A system 
for treating and distributing potable water and water for fire protection 
would be required. New wells with storage provisions are expected to supply 
all the water required during construction and operation of the repository.  
Finally, stations for dispensing gasoline and diesel fuel would be required 
at the site.  

A.2.1.2 Access to the subsurface 

Six access openings would connect the subsurface with the surface areas.  
These openings would be used for ventilation air supply and exhaust, the 
transport of materials, and personnel access. As currently designed for 
vertical waste emplacement, they are described as follows: 

1. The men-and-materials shaft would be used to transport personnel and 
materials to and from the underground facilities. This shaft would 
be 7.6 m (25 ft) in diameter and approximately 335 3 (1,110 ft) 
deep.  

2. The waste-handling ramp would be used to transport the waste under
ground. This ramp would be 7.4 m (24 ft) in diameter and approxi
mately 2,042 m (8,700 ft) long.
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3. The mined-material handling ramp would be used for the mined
material conveyor system and as an exhaust outlet for construction 
area ventilation. The ramp would be 5.8 m (19 ft) in diameter and 
approximately 1,417 m (4,650 ft) long.  

4. The waste-emplacement area exhaust shaft would serve as the exhaust 
outlet for ventilation during waste emplacement. This 6.1-m (20-ft) 
diameter shaft would be approximately 304 m (1,000 ft) deep.  

5. The 3.7-m (12-ft) diameter exploratory shaft, constructed during 
site characterization, would be used to supply air for repository 
waste-emplacement operations. It would be approximately 450 m 
(1,480 ft) deep.  

6. The 1.8-m (6-ft) diameter emergency egress shaft of the exploratory 
shaft test facility would be used to supply air to the repository 
waste-emplacement support facilities. This shaft would be approxi
mately 365 m (1,200 ft) deep.  

A.2.1.3 The subsurface facilities 

The subsurface facilities would be located within Yucca Mountain, 
approximately 1.7 km (1 mile) west of the proposed location of the surface 
facilities complex (Figure A-4). This facility would encompass approximately 
615 ha (1,520 acres) of subsurface area. The repository horizon would be 
more than 230 m (750 ft) below the surface within the Topopah Spring Member 
of the Paintbrush Tuff. The water table in the vicinity of Yucca Mountain is 
approximately 200 to 400 m (650 to 1,300 ft) below the potential repository 
horizon. Except for possible scattered pockets of perched water, the under
ground openings are expected to be dry. An artist's rendition of the pro
posed subsurface facilities is shown in Figure A-B.  

The subsurface facilities consist of main access drifts to the 
emplacement areas, the emplacement drifts, and service areas near the shafts 
and ramps. The layout of the facilities depends upon whether the waste is 
emplaced vertically or horizontally. For vertical emplacement, waste 
disposal containers would be emplaced in vertical boreholes in the floors of 
the emplacement drifts. An extraction ratio of 24 percent has been adopted 
for the vertical emplacement alternative (Dravo, 1984). Cross-sectional 
dimensions of these openings are listed in Table A-i. The total amount of 
rock excavated for the facility would be about 21.6 million tons.  

For horizontal emplacement, waste disposal containers would be emplaced 
in horizontal boreholes in the draft pillars (walls). The subsurface layout 
for horizontal waste-emplacement requires considerably less excavation. The 
total amount of rock excavated for the facility would be about 6.6 million 
tons. Table A-1 lists the dimensions of the openings for horizontal waste 
emplacement.  

Design work completed to date indicates that area and geometric require
ments, mine ventilation requirements, the requirements for stability of the 
underground workings, and retrievability considerations will be satisfied by
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Table A-i. Dimensions of underground openings for vertical and horizontal 
waste emplacementa 

Vertical Emplacement Horizontal Emplacement 
Opening Height Width Height Width 

meters (feet) meters (feet) meters (feet) meters (feet) 

Access corridors 4.6 (15) 6.4 (21) 4.6 (15) 6.4 (21) 

Emplacement drifts 6.4 (21) 4.6 (15) 4.6 (15) 6.4 (21) 

aData from MacDougall (1985).  

a conventional room and pillar design. Excavation may be conducted by using 
either a drill-blast-mucking technique or a continuous mechanical miner.  

Conventional mining equipment, as well as machinery designed specifi
cally to transport wastes to the emplacement locations, would be required 
undergrouuLd. The service areas required underground include medical 
facilities, warehouses, personnel change rooms, and maintenance areas.  

The excavated rock would be placed near the site in a Hypalon-lined 
rock-storage pile. The rock-storage pile would be constructed on the surface 
by using conventional mined-rock handling equipment that would be sprayed 
with water to suppress dust. Runoff from precipitation would be intercepted 
by dikes, ditches, and liquid-collection sumps. The present design does not 
require backfilling of the excavated access and emplacement drifts to 
maintain the structural integrity of the underground openings. If 
backfilling a portion of the repository is required before closure and decom
missioning, some of the excavated rock would be used for that purpose.  

A.2.1.4 Other construction 

Construction away from the main surface facilities complex would consist 
primarily of an access route connecting with U.S. Highway 95, a rail line 
possibly from Dike Siding, a bridge across Fortymile Wash, the mined rock 
handling and storage facilities, and ventilation facilities above each 
exhaust shaft. These facilities, as well as other installations and con
struction, are discussed in the following sections.
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A.2.1.4.1 Access route

A highway for truck and automobile access would be constructed between 
U.S. Highway 95 and the site. The two-lane highway would originate approxi
mately 1.0 km (0.5 mi) west of the Town of Amargosa Valley. The highway 
would be 9 m (30 ft) wide and 26 kilometers (16 mi) long; it would be rated 
for trucks with a gross weight of 36 metric tons (80,000 lb). Each roadway 
shoulder would be 2.5 m (8 ft) wide. The total required right-of-way would 
be about 31 m (100 ft); the total land area needed will be about 79 ha (195 
acres).  

The highway would cross Fortymile Wash via a bridge. The preliminary 
repository concept calls for a single bridge carrying both highway and rail 
traffic, although construction of two separate bridges may be considered.  

A.2.1.4.2 Railroad 

For rail access to the site, rail spur access options are presently 
being evaluated. A railhead facility would be constructed at Yucca Mountain 
to provide for railcar handling and temporary storage. Detailed plans for 
this facility have not been formulated.  

A.2.1.4.3 Mined rock handling and storage facilities 

Surface facilities for receiving the rock mined during construction of 
the underground openings would include a surge bin for temporary storage, a 
conveyor system for moving the mined rock to the rock-storage pile, and a 
stacking conveyor for placing the rock on the storage pile.  

A.2.1.4.4 Shafts and other facilities 

Exhaust shafts for the mine and emplacement areas, described in Section 
A.2.1.2, would be located away from the surface complex. The exact locations 
would depend on the design of the underground facilities. The configuration, 
assuming that ramps for waste-emplacement access and mined material removal 
would be used, is shown in Figure A-4. A fenced waste-emplacement ventila
tion exhaust and filtration facility would be installed at the surface and 
would require an area of less than 1 ha (about 1 to 2 acres). The exhaust 
stack at this facility would extend about 31 m (100 ft) above the land 
surface. Improved roads would connect this site to the surface complex.  

Other facilities located away from the main surface complex include 
water storage, explosive magazines, mineshaft areas, and sewage treatment 
facilities and effluent evaporation ponds. Approximately 10 ha (25 acres) 
would be developed to construct these facilities. Other identified remote 
facilities include a visitor center and a sanitary landfill. The locations 
and extent of the visitor center and sanitary landfill have not been defined.
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A.2.2 OPERATIONS 

The operations period is the time following receipt of the first waste 
into the repository (after receipt of the NRC license to receive and possessi 
radioactive material) until site decommissioning begins. The operations 
period of a repository for radioactive waste at Yucca Mountain would begin in 
the fifth year after the start of facility construction with Stage 1 emplace
ment operations. Stage 2 emplacement operations would begin approximately 
seven years after start of construction. As noted in Section A.2.1, the 
operations period overlaps the completion of the Stage 2 facilities (end of 
Phase 2 construction).  

The operations period is divided into two phases: a 28-year emplacement 
phase followed by a 22-year caretaker phase. Performance confirmation will 
be conducted over the entire operations period.  

A.2.2.1 Emplacement phase 

The activities planned for the emplacement phase include waste receipt, 
processing, and placement; continued underground construction of 
waste-emplacement rooms and supporting services; the initial retrieval option 
period; and storage and management of mined rock for potential use as 
backfill.  

A.2.2.1.1 Waste receipt 

Radioactive waste would be shipped to the repository by rail or by truck 
in Federally licensed casks. Assuming 250 operating days per year, the 
design basis for waste receiving facilities is four truck and two rail ship
ments per operating day. Thus, the receiving facilities are designed to 
accommodate approximately 1,000 truck and 500 rail shipments per year.  

During Stage 1 operations, surface and underground facilities would be 
constructed to receive and emplace a limited amount (400 MTU per year) of 
spent, unconsolidated fuel. This would be packaged at the site for disposal 
in the repository. The Stage 2 facilities to be completed three years later 
than the Stage 1 facilities, would have a capacity of 3,000 MTU per year and 
they would be capable of receiving other types of waste and of consolidating 
spent fuel. Receipt rates would gradually increase in the early years of 
repository operation (Table A-2).  

During Stage 2 operations, the repository would receive an average of 
4,348 pressurized-water-reactor (PWR) and 5,263 boiling-water-reactor (BWR) 
assemblies per year (Table A-3). Assuming that 30 percent of these assem
blies (1,304 PWR and 1,579 PWR) would be shipped by truck and 70 percent 
(3,044 PWk and 3,684 BWR) would be shipped by rail, and assuming that truck 
casks have a capacity of 2 PWR and 5 BDR assemblies and rail casks have a 
capacity of 14 PWk and 36 BWR assemblies, the repository would receive 968 
truck casks and 321 rail casks of fuel each year.
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Table A-2. Spent-fuel waste receipts by year, 
equivalent

metric tons uranium

Repository Annual Cumulative 
year Stage 1 Stage 2 total total 

5 400 NAb 400 400 
6 400 NAb 400 800 
7 400 NAb 400 1,200 
8 400 500 900 2,100 
9 40N 1,400 1,800 3,900 

10-30 NAb 3,000 3,000 69,900 
31 NA 100 100 70,000 

aData from MacDougall (1985).  
bNA = not applicable.  

Table A-3. Waste quantities by waste categorya 

b Average 
Stage Waste type Total quantity annual receipt 

(assemblies) (assemblies) 

Spent Fuel - PWR 2,898 580 
Spent Fuel - BWR 3,511 700 

2 Spent Fuel - PUR 101,454 4,348 
Spent Fuel - BWR 122,794 5,263 

aReflects 70,000 metric tons of uranium (MWU) as spent fuel.  
bPU = pressurized water reactor; BER = boiling water reactor.
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The receiving facilities would provide for 

I. Rail and truck inspection stations where both incoming and outgoing 
traffic would be inspected (where, for example, radiation surveys, 
security inspections, and shipping document transactions would take 
place).  

2. A suspect storage area where incoming shipments that do not meet 
repository acceptance standards would be held until corrective 
measures are taken.  

3. A loading area for incoming and outgoing shipments.  

4. A vehicle washdown facility.  

5. A loading and unloading bay where the shipping packages would be 
removed from and loaded onto their carriers.  

6. A decontamination station in the waste-handling building where waste 
packages would be checked and-decontaminated.  

7. A station in the waste-handling building where cask closure(s) would 
be prepared for connecting the casks to the hotcell port for 
unloading (Figure A-5).  

After the casks are unloaded, the spentfuel assemblies would be packaged 
in the Stage 1 waste-handling building, or they may be disassembled and indi
vidual fuel rods consolidated into specially designed waste packages in the 
Stage 2 waste-handling building. This description assumes that the facil
ities for consolidating the spent-fuel assemblies would be located at the 
repository as described in MacDougall (1985).  

A.2.2.1.2 Waste emplacement 

Waste emplaced at the repository would consist predominantly of spent 
fuel that has been out of the reactor for at least 10 years. In addition, 
onsite-generated low-level waste would be disposed of in the repository.  
Estimates are not available at this time, but quantities of these wastes are 
expected to be small.  

Before disposal, spent fuel would be sealed in waste disposal containers 
designed to meet the minimum lifetime requirements set by the NRC (10 CFR 

Part 60). To meet these requirements, the minimum lifetime of the waste 
packages would be between 300 and 1,000 years under the expected subsurface 
environmental conditions in the repository. These waste disposal containers 
are one component of a system of engineered barriers, including waste forms, 
overpacks, and packing materials that may be used as part of the repository 
system.
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After the waste disposal containers have been judged to be suitable for 
emplacement, they would be held temporarily in a surge-storage area. This 
surge storage would allow incoming waste to be unloaded and prepared for 
disposal at a faster rate than it can be emplaced, thus reducing the yard
storage time. The design rate of waste emplacement, however, would be deter
mined to minimize the length of time required for surge storage. After surge 
storage, the waste disposal containers would be transported to the waste 
emplacement access ramp by waste transporters and transferred to the under
ground facility. The waste disposal containers would be placed either in 
vertical holes in the floors of the storage drifts (vertical emplacement) or 
in long horizontal holes in the walls (horizontal emplacement). If the waste 
is placed horizontally, each borehole would contain up to 34 waste disposal 
containers; if vertically, each borehole would contain one waste disposal 
container (MacDougall, 1985).  

The surface and subsurface facilities at the repository that handle 
radioactive waste would be operated at less than atmospheric pressure.  
Exhaust air from the surface facilities would be-processed through a pre
filter and a series of high efficiency particulate filters before being 
discharged into the atmosphere. Exhaust from the underground waste-storage 
rooms would be directed to a surface building where the exhaust would be 
monitored and filtered, if necessary, prior to being discharged into the 
atmosphere. The ventilation system for the underground construction areas 
would be physically separated from the waste-emplacement ventilation circuit.  

A.2.2.2 Caretaker phase 

The caretaker phase of up to 22 years would begin following the last 
emplacement of waste and would continue until the start of the decommission
ing period. This phase would include the balance of the retrieval option 
period and possible retrieval time for the emplaced waste.  

A decision to close and decommission the repository could be made at any 
time during the caretaker phase. If a decision to retrieve the emplaced 
waste is made during the caretaker phase, the lifetime of the Project would 
be extended up to approximately 30 years during which actual waste retrieval 
would be accomplished.  

A.2.3 RETRIEVABILITY 

The Yucca Mountain repository would be designed to allow retrieval of 
emplaced waste as required by 10 CFR 60.111. The requirements state that 
waste must be retrievable for a period of up to 50 years after waste 
emplacement begins. The requirements also state that if retrieval becomes 
necessary, the waste should be retrieved in about the same amount of time 
that was devoted to the initial construction and the emplacement of the 
waste. The capability to retrieve emplaced waste packages would be main
tained until the satisfactory completion of a performance confirmation 
program as stipulated by 10 CFR 60.111 and until decommissioning activities
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are authorized by the NRC (unless a longer or shorter time period is 
specified by the Secretary of Energy and approved by the NRC).  

The capability for retrieving the waste disposal containers would be 
demonstrated prior to a decision to backfill the emplacement drifts and would 
be maintained regardless of whether the emplacement drifts have been back
filled. Therefore, the decision to backfill would be based, in part, on an 
evaluation of the advantages of early backfilling versus the disadvantages of 
increased difficulty of retrieval.  

A.2.4 DECOMMISSIONING AND CLOSURE 

After the planned 22-year caretaker phase during which retrievability 
must be ensured and after the performance confirmation program has been 
completed, the DOE would request NRC approval for an amended license for 
closure of the repository. After approval had been granted, decommissioning 
of the repository would begin. To decommission the subsurface facilities, 
salvageable materials would be brought to the surface. During closure, all 
subsurface access areas (e.g., shafts and ramps) would be sealed by using 
multiple materials and techniques to ensure that the seal offers isolation 
properties equivalent to or better than the host rock (Fernandez and 
Freshley, 1984).  

Surface structures would be decontaminated and dismantled. Some con
taminated material may be placed underground prior to the sealing of shafts.  
The surface areas would be reclaimed. Permanent markers would be erected to 
inform future generations about the presence of the repository. Development 
of such markers or a marking system is in progress. All records concerning 
the repository would be maintained by appropriate Federal, State, and local 
agencies. It is expected that the records and markers would be kept in 
perpetuity.
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APPENDIX B 

RADON/RADON DAUGHTER PRODUCTS AND WORKING LEVELS 

INTRODUCTION 

The soil in the natural environment contains many radionuclides. Typ
ically the radioactivity in soil consists of K-40, Rb-87, Th-232, U-238, and 
the decay products of Th-232 and U-238. Table B-i summarizes the distri
bution of these radionuclides in some soils. Both K-40 and Rb-87 decay into 
stable elements, while both Th-232 and U-238 decay through a complex chain 
(Tables B-i and B-2) that includes isotopes of the inert gas radon.  

The Thorium (Th-232) series and the Uranium (U-238) series decay schemes 
have a number of characteristics in common: 

1. They have a number of radionuclides in the decay chain with half
lives greater than one year which produce radium isotopes Ra-224 and 
Ra-226. Since these radionuclides are not gaseous, they build up in 
the soil/rock until they reach secular equilibrium. Secular 
equilibrium means that the activity of the shorter-lived daughter 
radionuclides is equal to that of the very long-lived parent 
isotopes (Th-232 and U-238). Since the concentration of these 
radionuclides is affected by leaching, the equilibrium concentration 
may not actually occur in the soil/rock.  

2. The radium isotopes decay into isotopes of the inert gas radon.  
This gas diffuses through soil/rock and may reach the atmosphere 
before it decays. If the radon isotopes decay while still in the 
soil/rock matrix, they will be of little interest since the isotopes 
will not constitute a significant health hazard: however, the 
isotopes may still be measured by the Pb-210 from the Uranium 
series.  

3. If the radon decays in the atmosphere, then the subsequent daughter 
products will tend to attach to the aerosol particulates in the air.  
These particulates may be inhaled and deposited in the lungs. Then 
the radioactive decay (particularly the alpha decay) may represent a 
human health hasard. (See National Research Council, 1980; and ICRP 
1981, 1985, and 1986.) 

The major differences between these two series, relative to health 
protection concerns, is that, because of the relatively short half-life of 
Ra-220 (55 seconds) in the Thorium series, very little of this radon isotope 
escapes from the rock or soil matrix. The radon isotope in the Uranium 
series, Ra-222, has a much longer half-life (3.8 days), so a much larger 
portion of this isotope reaches the atmosphere.  

Because radon is an inert gas, the health hazard associated with it is 
not from the gas itself, but from the daughter products which are inhaled and 
subsequently deposited in the lungs. Working levels (WLs) are used to quan
tify the potential radon/radon daughter product concentration in a way useful 
in evaluating hazards. One working level is defined as any combination of
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short-lived radon daughters ip one liter of air which will result in the 
eventual emission of 1.3 x 10 million electron volts (MeV) of alpha 
particulate energy. This is equivalent to the original definition which was, 
100 pCi of radon in secular equilibrium with its daughters in one liter of 
air. WL is a measure of exposure rate, while working-level month (WLM) is a 
measure of integrate exposure. A WLM is defined as the integrated exposure 
at a rate of one WL for 170 hours, which is the length of a typical working 
month. The current limit for radon/radon daughter product exposure is four 
working-level months in one year (WLM/y). WLM/y are calculated by 

Time (hours) 1 Exposure (WLM/y) = Concentration (WL) • 170 hours/month one year 

One WLM/y is equivalent to about 0.7 rads/y or, equivalently, 10 rem/y to the 
bronchial epithelium (NCRP, 1984).  

The monitoring associated with the radiological monitoring program will 
consist of integrating samplers, continuous monitors, and grab samplers. The 
next section will discuss the integrating samplers which use Track Etch'TM 

techniques; then the other monitoring/sampling techniques will be addressed.  

B.1 INTEGRATING RADON SAMPLERS 

Two systems are projected for use in these activities. One system, cur
rently supplied by Terredex, measures radon concentrations; the other system 
under consideration measures radon daughter product concentrations and is 
available from RAD Services and Instrumentation, Ltd. Everyone involved in 
these activities must participate in the EPA Office of Radiation Programs' 
(ORP) Radon/Radon Progeny Measurement Proficiency Program (RTIS, 1987).  
Suppliers shall provide the data necessary for the NNWSI Project to review 
their performance in this program.  

B.1.1 RADON INTEGRATING SAMPLERS (IS) 

The Terredex IS for measuring radon in air is based on producing alpha
particle tracks in a plastic material. One such device utilizes a small 
strip of the plastic detector material taped to the bottom of a plastic cup 
(Figure B-i). A filter is attached to the top of the cup through which radon 
easily diffuses, although the particulates to which the radon daughter 
products attach cannot. When the radon decays, the radon daughter products 
deposit on the inside surface of the cup, including the surface of the 
plastic detector. When the Po-218 and Po-214 atoms which have deposited on 
the detector decay, they produce alpha-particle tracks in the plastic 
material. The detector does not respond to beta particles or gamma rays; 
therefore, a correction for ambient background is not required.
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Figure B-1. Terrradex integrating radon sampler.  
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The alpha track method is relatively insensitive; therefore, under nor
mal environmental conditions, exposure periods ranging from one month to one 
year are typically used. After the detector is exposed, it is returned to I 
the manufacturer for analysis. The analysis consists of etching the plastic 
detector to make the alpha tracks visible, and then determining the track 
density by manually scanning and counting tracks or using an automated opti
cal scanning system. The track density and the time of exposure are then 
used to calculate an average radon concentration value (Jenkins, to be 
published).  

Terredex indicates that the Type F IS used in this activity has a detec
tion range from 0.2 to 20,000 pCi/l-months. The IS returned to Terredex will 
routinely contain unexposed ISs and ISs exposed to a known concentration of 
radon in an ORP facility located in Las Vegas, Nevada.  

B.1.2 RADON DAUGHTER PRODUCT INTEGRATING SAMPLER (IS) 

RAD M-Is, radon daughter product IS (radon daughter product IS), is the 
Solid State Track detector version of the Radon Daughter Product Integrated 
Sampling Unit. This radon daughter product IS collects the daughter products 
on a filter medium and then measures the alpha dose from them using a Track 
Etch' detector. The primary advantage of the track detector is that the 
efficiency can be calculated by the instrument geometry which is a straight
line alpha trajectory from source (filter paper) to the detector. Experi
mental calibration is therefc,,-e not required and the accuracy of measurement 
is solely dependent upon the volume of air sampled. By adhering to the stan
dard operating procedure, a single measurement can be expected to have an 
accuracy of within 22 percent of the true value (at 95 percent confidence 
level). The precision has been well-established by ooth laboratory and field 
intercomparison with the time average of Kusnetz results. The intercompari
son includes the DOE Laboratories of both the Environment Measurement 
Laboratory in New York and the Bendix Field Engineering Laboratory of Grand 
Junction. The limit of sensitivity is 0.0001 working levels.  

The RAD M-1 Surveymeter (Figure B-2) consists of two parts--the pump and 
the detecting head assembly. Accuracy of measurements made by this survey
meter requires an exact record of the flow rate of the pump and the length of 
time the pump ran. The pump is designed for continuous and stable operation.  
It can be used for sampling periods ranging from three days to two weeks. A 
one-week sampling period is recommended. Each pump is checked initially 
after running continuously for ten days. Checking again prior to use is not 
necessary, but a recalibration after five service intervals is recommended.  
The person using the M-1 must accurately record start date and time and stop 
date and time.  

The detector is a polycarbonate plastic compound used for solid-state 
alpha track registration. When used within a properly designed instrument, 
it is able to discriminate between alpha particles from Po-218 and those from 
Po-214. The working level (WL) measurement is based on the formula:
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WRn2 -6 RA - 7.68 RC 

1.3 x 10' (E) (V) 

where 

RA = number of tracks for Po-218; 

RC = number of tracks for Po-214; 

E = alpha counting efficiency (tracks/disintegration); and 

V = liters of air drawn through the filter (liters/hr x hrs).  

Accuracy of the instrument depends upon the accuracy to which the total 
sampled air volume is known. In the absence of a means of measuring this 
quantity, it is essential that the average flow rate during the sampling 
period be close to that measured when the instrument was initially set up.  
The pump used in this surveymeter is designed to be stable after a short 
warm-up period. Variations in flow rate during the short warm-up period do 
not significantly change the average for periods of one day or longer. Long
term tests have shown that the maximum deviation from the mean flow rate is 
less than 10 percent.  

B.2 CONTINUOUS RADON MONITOR (CU) AND BATCH RADON SAMPLER (BRS) 

Both the CRU and the BRS have been obtained for use from Pylon Systems 
based on a Pylon Model AB-5 Radiation System. Different detection configura
tions are used to perform these functions, although the BRS function could be 
performed by the CRY configuration by altering the programmable sampling 
mode.  

B.2.1 CRM CONFIGURATION 

The CRY configuration consists of a 20-liter electrostatic chamber (the 
PUT-TEL) which is attached to the AB-5. The AB-5 provides the controlled 
vacuum supply as well as the signal evaluation capability.  

The PUT-TEL consists of a 20-liter electrostatic chamber with an alumi
num conductor which serves as the collector or cathode. This cathode has an 
electrical potential of 1,800 volts. Power to the cathode is supplied by 
four 1.5 volt ("c' cell) alkaline batteries or from AC line power by means of 
an optional battery eliminator (Figure B-3). A built-in AC-DC convertor in 
the TEL steps up the incoming 6 volts to 1,600 volts. The wall of the 
electrostatic chamber acts as an anode and is at ground potential. The 
cathode overlays an alpha sensitive scintillator which is mounted on a lucite 
light pipe. The light sensitive PUT meets the top of the light pipe with the 
protruding end of the PUT being protected by the PUT housing. Air to be 
tested for radon gas is drawn into the PUT-TEL by a pump in the AB-5.
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Radon gas in the TEL decays into Po-218÷ which is attracted to the 
negatively charged cathode. Po-218* decays into Pb-214 which, in turn, 
decays into Bi-214 and Po-214 as shown in Table B-3. Po-210 and Po-214' 
emit alpha particles. These particles impact with the scintillator, which 
then produces light pulses. The light pulses are transmitted by the light 
pipe to the PVT, where they are amplified and sent via a cable to the AB-5, 
where they are counted. The AB-5 displays the counts and can either be set 
to print the counts on a printer or to transmit the counts to a computer.  
The AB-5 can also store the data for later printout, display, or transfer to 
a computer.  

Since radon gas decays and emits alpha particles in a predictable 
manner, there is a direct relationship between the number of light pulses 
counted by the PUT-TEL/AB-5 and the amount of radon gas in the air being 
tested. The PMT-TEL has sensitivity to radon gas of 25cpm/pCi/l. The 
sensitivity value is calculated as follows: 

net counts of light pulses/minute 
known amount of radon (B-2) 

where net counts of light pulses are the total number pulses counted by the 
AB-5 less the number of counts due to background and the amount of radon is 
known precisely.  

When the sensitivity of the PUT-TEL has been determined, the sensitivity 
value can then be used to measure the amount of radon gas present to be 
tested. The formula is: 

Radon level = net count/interval (B-3) 
(interval length) x sensitivity 

The basic configuration of the CRU is illustrated in Figure B-4.  
Further detail on the AB-5 is provided by Figure B-5.  

B.2.2 BRS CONFIGURATION 

To take a sample of air at any specific time, a batch sample is used.  
Batch sampling systems collect a sample of existing air and then evaluate it, 
unlike continuous systems (CRMs), which give you a running average value.  
Batch samples can be taken of either the radon or radon daughter product 
concentration.  

B.2.2.1 Radon batch measurements 

To measure radon concentration using batch sampling, simply shut off the 
CRM pump after the sampling period, and continue counting the sample as it 
decays. The typical method using the CRM configuration to obtain a batch 
sample involves setting a 10-minute sampling period. The AB-5 is set to run 
on 10-minute intervals with six intervals per cycle. The counts for the five 
intervals when the pump is not being run are used. The formula is:
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Radon level = 1 (Cn - K (Cn-1)) (B-4) 

where 

Cn = net sum of counts over 50 minutes (intervals 2-5) of the nth cycle 
Cn-1 = net sum of counts over 50 minutes (intervals 2-5) of the previous 

cycle 
S = Sensitivity 
K = 50(1-K) times the unusual cell efficiency 

B.2.2.2 Radon daughter product measurements 

Pylon Model AEP-47 Alpha Detection Assemblies are used with the Pylon 
Model ABS Portable Radiation Monitor for measuring radon daughters, thoron 
daughters, and other alpha-emitting airborne particulates. They are designed 
for accurate and reliable measurements and are particularly well-suited for 
automated monitoring applications. The AEP detector, as shown in Figure B-6, 
has a wide sampling port designed to provide optimum sampling character
istics. Plateout on the inlet surface is minimized and, at the same time, 
interference from cross drafts at the sampling filter surface is eliminated.  
The filter is thus essentially open-faced. Because the active material is 
collected on the side of the filter away from the detector, the build-up of 
dust and contamination on the surface of the light shield inside the detector 
is prevented. The silver-activated zinc sulfide scintillator is covered by 
an aluminized mylar light shield to prevent interference from ambient light.  
The scintillator is insensitive to gamma and beta radiation. A 0.125-inch 
lucite light pipe provides support to the ZnS(Ag) scintillator and improves 
optical coupling to the photomultiplier tube in the AB-5. There is negligi
ble variation in counting efficiency across the diameter of the scintillator.  

The currently available BRS is the Pylon AEP-47. The AEP-47 is intended 
for use with 47mm-diameter filters. The Pylon AB-5 with AEP-47 detector is 
designed to measure alpha-emitting particulates within the energy range of 
4.5 to 9.0 MeV with sensitivity decreasing somewhat below 5.5 MeV. This is 
ideal for measuring radon daughters (6.0 and 7.7 MeV) and thoron daughters 
(6.0 and 8.8 MeV). This sampler can be used to assess daughter product 
concentrations using the Kusnetz (Kusnetz, 1956) or Tsivgolov (Thomas, 1972; 
Tsivgolov et al., 1953) methods.  

B.2.3 CALIBRATION OF THE CRM AND BRS 

These instruments and their associated procedures will be calibrated and 
evaluated using three basic methods. The first is the routine calibration of 
the equipment using NBS traceable radon/radon daughter product sources. The 
second method is calibration in the ORP facility in Las Vegas, Nevada. The 
final method is calibration and evaluation through participation in the ORP 
Radon/Radon Progeny Measurement Proficiency Program (RTIS, 1987).
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APPENDIX C 

METHODS FOR DATA HANDLING AND INTERPRETATION 

The levels of radioactivity involved in environmental media are very 
low. Even small fluctuations in the background (i.e., true level or value of 
the contaminant, whether measured or not) could mask a release from a facil
ity, thus preventing an accurate assessment of the impact, if any. Such 
fluctuations may be either internal or external in nature. Internal fluc
tuations may be due to counting statistics, sampling procedures, radio
chemical procedures, or instrument stabilities. External fluctuations may 
result from variations in cosmic ray intensity, global fallout from weapons 
testing, emissions from other facilities and activities in the general 
vicinity, or variability in meteorological/climatological conditions.  

The problem is to reduce the occurrence of unexplained fluctuations 
through proper control of appropriate internal factors, or to effectively 
identify the cause of the fluctuations, whether internal or external in 
nature. Internal fluctuations tend to be more procedural in nature and may 
be limited by improved methods of sampling and analysis, or by organizational 
measures. The external fluctuations are typically beyond control, but may be 
observed and measured within some statistically significant range since most 
of the fluctuations are expected to be small in amplitude. Careful statisti
cal analysis is required for proper evaluation of unexpected fluctuations and 
routine observations.  

To ensure a data set that lends itself to the various statistical 
methodologies available, certain general objectives must be achieved. These 
include, but are not limited to: 

1. Developing an easily accessible data base management system.  

2. Obtaining a minimum number of years of background data covering all 
critical pathway nuclide/media combinations analyzed by sample type 
and location.  

a. To evaluate predictable periodictius (seasonal, diurnal, etc).  

b. To identify any existing anomalies associated with specific 
media and locations.  

c. To evaluate validity of indicator and control sample locations.  

d. To define the expected statistical characteristics of the data.  

e. To determine interferences or contributions to background 
fluctuation due to other facilities.  

3. Establishing uniform methods of data evaluation to develop the 
generic statistical models that allow for prediction of changes in 
background levels.  

For the purposes of the radiological monitoring program, the recommenda
tions and guidance established in Watson (1980) will be incorporated to the
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extent practical, to ensure the quality and usability of the analytical data 

produced. More specific direction for maintaining analytical sensitivity and 

consistency in the mathematical definitions is available in Currie (1985) and 
Brodsky (1986). Specific statistical methodologies and standard analytical I 

guidance are being developed for inclusion in the Environmental Radiological 
Technical Procedures Manual (ERTPM). This Standard Analysis Guide will 
provide the day-to-day guidance for data handling, reduction, and evaluation.  
The following paragraphs briefly describe some techniques that will be used 
for interpretation of data.  

Mechanical or graphic representation of data, typically on probability 
paper of some kind by type within homogeneous groups (i.e., gross alpha 
activity at each continuous air sampling station and specific radionuclide/ 
media), provides one of the simplest interpretive techniques for recognition 
of significant trends. Groups of data will typically be tested on the basis 

of parameters such as geographical location, time of sampling, sample media, 
radionuclide of concern, meteorological conditions, etc. (Dunham, 1974; and 
Waite, 1976).  

For a specific data set for which the distribution is unknown, it is 

planned that a log-normal distribution will be the first alternative tried.  

Because the data set is presented graphically, the mean, standard deviation, 
expected upper limits, and potential facility contribution or offsite 
facility influence can be readily determined visually. An important aspect 
of log-normal distribution plotting is that some indication of data or sample 

representativeness can be obtained visually. Nonrepresentative or nonback
ground data sets are reflected by a change in the standard geometric devia

tions of the plot becoming bimodel in character.  

Because environmental radiological monitoring programs require state-of

the-art technology applied to small amounts of background radioactivity, some 

analyses do not result in the detection of activity. For significant numbers 

of data, particularly those from which a chemical or instrumental background 

must be subtracted, net values may be obtained that are lower than the detec

tion level of the system. In spite of the fact that a negative value for an 

arithmetic concentration measurement does not represent a physical reality, a 

valid long-term arithmetic concentration average of many measurements can be 

obtained only if all of the values (both the very large and the very small, 

including zero and negative values) are reported and included in the analysis 

of the data.  

If a large fraction of the data group is below the analytical detection 

level, special considerations are needed to determine the long-term average 

concentration and the standard deviation. A conventional arithmetic average 

is not a good measure of central tendency. The average is dominated by the 

(statistical) unrepresentativeness of those few largest values in a data set 

and is probably not representative of the Oreall environmental average.  

Probability plotting is the preferred method for handling these skewed data 

sets. The method is valid so long as a few data exceed the detection limit, 

although as a practical matter the confidence level may be low if fewer than 

10 positive values are involved with the fitting.
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After groups or subgroups of data have been arranged so they are 
separately homogenous, averages and standard deviations may be obtained from 
the probability plots. These may in turn be tested quantitatively with 
ordinary statistical methods. Results of these numerical tests may verify 
the homogeneity of groupings or establish the differences, if any, related to 
the data groupings.  

The presence of a distribution mode that is distinct from background 
usually indicates local contamination. The presence of only one 'slope' in a 
probability plot is indicative of background concentrations, whereas bimodal 
distributions suggest an outside influence. The 84.1 percent/50 percent 
ratio of a log-probability curve is an index of the random statistical varia
bility to be expected in environmental radiological data, but systematic var
iations in data occur on temporal or seasonal cycles. Awareness of these 
yearly fluctuations can be achieved by running geometric means of radio
nuclide activity versus time on a semilog graph. The significance of appar
ent deviations from the expected value is generally determined by assessing 
the occurrence probability of such a deviation by conventional control chart 
methods.  

By using log-normal distribution for interpreting environmental surveil
lance data, especially gross count data and most radionuclide/sample media 
combinations, assessment of local impacts on the environment, if any, is made 
apparent through the change in slope of the log-probability graph. No change 
in slope confirms that no detectable influence has occurred for the specific 
data set. The key to this kind of analysis is to treat the data as groups, 
not as individual data points. Because the technique suggested is graphic, 
whether or not the assumption of log normality is correct can be identified 
visually.  

The interpretation of the TLD field exposure data is usually carried out 
on the basis of the total field exposure, not on the basis of the log-normal 
probability distribution frequently used for nuclide/media specific evalu
ation. To differentiate between potential facility related exposure and all 
exposure components, unrelated to the facility, each field site TLD measure
ment is made up of three analytical components: (1) an environmental specific 
component, (2) a field-site (monitoring location) specific component, and (3) 
a facility contributed component.  

The environmental specific component is equal for all field sites and is 
determined by the average of the field sites' exposures. This component 
includes the changes in the total measured background, which are assumed to 
be proportionally the same at all locations in a given measurement period 
(e.g., seasonal influences, fading, transport, storage, changes in the 
calibration procedures, etc.) and is an 'effective' average environmental 
exposure.  

The second component is a field-site specific value. The difference in 
the background exposure rate between locations is decisively affected by the 
specific field-site exposure properties as well as by the local exposure and 
absorption of building materials. This component represents the differences 
of the field-site exposure rate to the environmental average. The field-site 
specific component is calculated from the background (pre-operational) data.
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The differences between the average environmental exposure and the site 
specific parameter represent the expected background exposure for each field 
site within a given measurement period. These differences are the expectance 
values. The third component, which represents the facility contribution, is 
given by the difference between the measured values and the expectance 
values.  

This method of TLD interpretation allows a control or check to be made 
of the quality of the background measurements, by comparing them with 
statistically significant expectance values. The expectance values are 
defined and calculated as a difference between the average of all field-site 
measurements over the controlled measurement period, and the site specific 
parameters. These parameters are determined on the basis, and as a result, 
of the pre-operational measurements. This avoids the need to use one or more 
control locations, as in other methods.  

Data interpretation for radon monitoring requires more specific develop
ment and application of multivariable statistical methodologies to assess 
accurately diurnal, seasonal, or climatically induced variability in 
emanation rates (variate radon flux). Regardless of the final statistical 
model used for evaluations of the radon flux and quantification of the 
potential release from the site, the analysis will be conducted in accordance 
with the requirements of the ERTPM, Procedure TPB-ER-017 (SAIC, controlled 
document).  

Due to the complexity of the data which will be collected by the envi
ronmental radiological monitoring activities, extensive statistical treatment 
of all data will be necessary. As data are collected and evaluated, a 
reliable statistical baseline model will be developed. In this instance, a 
clear distinction between 'baseline' and 'background' is being made.  
Baseline (baseline model) means a numerical approximation of the "real' 
background. Background refers to the 'reality' of low concentration levels 
of radionuclides (contaminants) as it exists at any given time, whether 
measured or not. The baseline model is the value compared against measured 
data to determine whether the background is exceeded. Therefore, continual 
assessments of statistical treatments of data are needed to ensure a precise 
site specific baseline model and enhancement of productive models for impact 
assessment. Development of statistical treatment methodologies (to be issued 
with the ERTPM as the Standard Analysis Guide) will be in accordance with 
established procedures and requirements for the conduct or development of 
analysis, computer codes, and programs, and the reporting of assessments.
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APPENDIX D 

ANALYTICAL PROCEDURES AND CAPABILITIES 

PREFACE 

Appendix D contains generalized information of the analytical techniques 
and quality control programs employed by various support organizations pro
viding analytical services for the environmental radiological activities.  
The bulk of the analytical work is presently being handled by the U.S. Envi
ronmental Protection Agency (EPA), Environmental Monitoring and Support Lab
oratory - Las Vegas (EMSL-LV), Nuclear Radiation Assessment Division (NRAD).  
Additional information on EMSL-LV analytical capabilities is available in 
EUSL-LV-0539-17, NRO-SOPs, and associated QA Plans.  

Information concerning the assessment techniques for the integrating/ 
passive Track EtchT? radon samplers is presented in Appendix B.  

D. 1 GERMANIUM DETECTOR GAMMA-RAY ANALYSIS 

Concentrations of gamma-ray emitting nuclides can be quantitatively 
determined without chemical separation by gamma-ray counting. Unaltered 
environmental samples (solid or liquid) are counted with large volume hyper
pure Ge detectors for periods of 12 hours or longelr depending upon the abun
dance of activity. This method is most applicable for analysis of nuclides 
that emit gamma rays with energies of 100 KeV to 3,000 KeV. Computer con
trolled gamma-detection systems allow the processes of sample counting and 
spectral analysis to be automated.  

Normal minimum 
detectable activity 

Nuclide Minimum aliquot (Aci/1) 

Fe-59 50 ml 1 x Io-7 
Mn-54 50 ml 5 x 10-8 
Co-68 50 ml 5 x 10-a 
Co-60 50 ml 7 x 10-8 
Cr-1 50 ml 3 x 10-7 
Zn-65 50 ml 1 x I0o
MO-9O0 ml 3 x 10-I 
Ce-141 50 ml 5 x 10-1 
Ce-144 50 Ml2 x 10-7 
C0-134 50 ml 5 x 10-1 
Cs-137 50 ml 5 x 10-8 
1-131 50 ml 5 x 10-I
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D.2 GROSS BETA ACTIVITY IN AIRBORNE PARTICLIATES

All airborne particulate samples contain both natural and man-made 
radioactivity. A screening technique is used to determine the quantities of 
beta-emitting nuclides. Based on results obtained from this screening 
technique, the need for radiochemical analysis is determined.  

Precision and accuracy 

Inaccuracies are primarily attributable to samples containing beta 
emitters of different energies than the calibration standards, a large amount 
of particulate matter being accumulated on the filter creating some self
absorption, and some of the collected particulate matter flaking off the 
filter.  

Analyzing filters containing known amounts of St-90 and Cs-137 produces 
results within 10 percent of the known value at the 95 percent confidence 
level. For standard samples close to background, the 95 percent confidence 
interval is approximately 5 pCi per filter.  

D.3 GROSS ALPHA AND BETA IN WATER 

A screening technique is used to determine the quantities of alpha- or 
beta-emitting radionuclides present. A known volume of sample is concen
trated, dried in a planchet, and counted in a low-background internal propor
tional counter. The activity determined by this method is not indicative of 
any specific nuclide. Tritium and other volatile radionuclides (e.g., radio
iodine) cannot be determined by this method.  

Precision and accuracy 

Gross alpha and beta measurements by this method have an inherent 
inaccuracy in that samples may contain alpha and beta emitters with energies 
different from the calibration standards. In such circumstances, the 
counting efficiencies (cps/dpm) used will not produce accurate information 
for the radionuclides in the sample. Therefore, this method is, at best, 
good only for semiquantitative analysis. The importance of precision (or 
repeatability) is that a given water source may be checked periodically for 
gross alpha and beta and any significant changes in the results over time may 
indicate a need for specific analysis. It is necessary then that such 
changes be real and not a result of poor precision.  

Analytical results of spiked water containing 50 pCi/liter Cs-137 and 
5 pCi/liter Am-241 indicate accuracies with deviations from known values of 
less than 10 percent at the 95 percent confidence level.
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D.4 Ra-226 AND Ra-228 IN WATER, SOIL, AIR, AND BIOLOGICAL TISSUE 

Radium is precipitated from a specially prepared aliquot of sample with 
barium sulfate. Barium-radium-sulfate is dissolved and transferred to an 
emanation tube and the radon allowed to come to equilibrium, approximately 30 
days. Rn-222 (T =3.825 days) is separated and collected from the liquid 
by a de-emanatiohi'echnique. The Rn-222 is counted by alpha scintillation 4 
1/2 hours after de-emanation, at which time the short-lived progeny have 
reached 97- percent of equilibrium.  

Precision and accuracy 

The expected precision for Ra-226, based on the 95 percent confidence 
level analytical error, is 0.3 pCi/liter for samples up to 1.0 pCi/liter and 
30 percent for samples above 1.0 pCi/liter.  

D.5 NUCLIDE: C-14 

Samples are oxidized and the evolved CO is bubbled through a NaOH 
solution. The basic solution is buffered with NH CI before the carbonate is 
precipitated as CaCO 3 . A portion of the precipitite is gravimetrically 
introduced to a vial and combined with a gel-forming liquid scintillation 
cocktail that suspends the carbonate as finely dispersed granules suitable 
for scintillation counting.  

Normal minimum detectable activity: 1 x 10.6 #Ci/gram in a minimum 
aliquot of 1 gram of sample media.  

D.6 Ni-63 AND Ni-59 ANALYSIS 

Principle of method 

Nickel carrier is added to the aqueous sample and precipitated as 
insoluble hydroxides, purified with dimethylglyoxime and collected as the 
hydroxide dissolved in caproic acid. The solution is mixed with scintilla
tion solution and counted in a scintillation counter to measure Ni-63.  

A second aliquot of the sample is processed in the same manner and 
counted for Ni-59 using a low-energy photon detector.  

Normal minimum detectable activity: 9 x 10-1 pCi/gram (10 g minimum 
aliquot).
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D.7 Sr-89 AND Sr-90 ANALYSIS 

Principle of method 

Stable strontium carrier is added to an aliquot of the sample. The 
sample is purified by ion-exchange chromatography and precipitated as the 
nitrate. The sample is then counted in a gas-flow proportional counter both 
before and after the ingrowth of the Y-90 daughter. The activity is then 
calculated from the counting data.  

Normal minimum detectable activity: 5 pCi/L or 5 x 10-1 pCi/gram of 
soil (minimal aliquot: 1 liter for water or milk, 10 g for soil).  

D.8 Tc-99 ANALYSIS 

Principle of method 

Sample is prepared, after addition of chemical yield tracers, and then 
radiochemically purified by passing through a strong-base anion exchange 
resin. The purified fraction is precipitated as tetraphenylarsonium pertech
netate and beta-counted.  

Normal minimum detectable activity: 6 x 10.8 #Ci/g (10 g minimua 
aliquot).  

D.9 1-129 ANALYSIS 

Principle of method 

Radiochemical purification of iodine is performed using stable iodide 
carrier for chemical yield monitoring. Low-energy photon spectroscopy is 
used for counting the final cuprous iodide precipitate.  

Normal minimum detectable activity: 5 x 10-7 #Ci/g (10 g minimum 
aliquot).  

D.10 ALPMA EMITTERS -- ACTINIDES 

Principle of method 

Various chemical separation techniques are used to purify the alpha
emitting actinides. These include coprecipitation, ion exchange, solvent 
extraction, and electrodeposition. The electrodeposited radionuclides are 
then counted using alpha spectrometry. Chemical yield is determined by use 
of appropriate tracers.
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Normal minimum 
Nuclide Minimum aliauot detectable activity 

Np-237 I0 g I x 10-6 'aCi/g 
Am-241 10 g I x 10 6 'aCi/g 
Pu-238 10 g 1 x 10-6 'Ci/g 
Pu-239 10 g 1 x 10-6 ,cCi/g 
Cm-243 10 g 1 x 10-6 aCi/g 
Cm-244 10 g 1 x 10-6 #Ci/g 

D.11 RADIOKRYPTON, RADIOXENON 

Certain inert gases and tritiated methane are separated and collected 
from atmospheric samples by a series of cryogenic-gas chromatographic 
techniques. Water and carbon dioxide are removed by molecular sieve-13X at 
room temperature. Krypton, xenon, and methane are collected on charcoal at 
liquid nitrogen temperature. They are transferred to molecular sieve-SA 
where they are separated from any remaining oxygen, argon, nitrogen, and each 
other. The separated gases are transferred to liquid scintillation vials and 
counted in a liquid scintillation spectrometer.  

At the current Kr-85 level of about 24 pCi/mi, the 2-sigma counting 
error is about 3 pCi/m . Analysis of split samples has shown that laboratory 
analytical errors are of about the same value. The ambient concentration of 
radioxenon is essentially zero. Most measured concentrations of radioxenon 
are less than the detection limit, of about 10 pCi/rn 

D.12 TRITIUM (H-3) IN WATER 

Principle of method 

Water samples are distilled, and the distillate is electrolyzed with 
added sodium hydroxide. Enriched samples are then assayed using liquid scin
tillation techniques.  

Normal minimum detectable activity: 0.01 x 10-9 #Ci/gran (250 g minimum 
aliquot) for enriched samples.
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D.13 TRITIUM (H-3) IN AIR

Principie of method 

An atmospheric sample is passed through a molecular sieve to remove the 
water vapor. Tritium-free hydrogen is added as a carrier. The carrier, 
hydrogen and atmospheric hydrogen, is converted to water using a palladium 
black catalyst. This water is collected in a second molecular sieve trap.  
The water collected on these traps is removed by heating and subsequently 
analyzed for tritium.  

D.14 THERMOLUMINESCENT DOSIMETRY 

Thermoluminescent dosimeters (TLDs) are used to measure environmental 
radiation exposure at selected locations. Several individuals (members of 
the public) are being monitored by the EPA/NRAD bo that potential differences 
between personnel and environmental results can be evaluated. The dosimetry 
network consists of monitored locations encircling the evada Test Site 
(NTS). The dosimetry array permits an estimate of average background expo
sure and detection of potential increases due to NTS operations. Environ
mental stations are changed quarterly, while personnel TLDs are changed 
monthly.  

The general protocol for processing a TLD is as follows: 

1. A TLD is randomly selected for deployment after ensuring it is clean 
and undamaged. Normally Panasonic UD-802s are used for personnel 
and UD-814s for the environment.  

2. The TLD is placed in an empty TLD magazine and then in the TLD 
reader and readout with a record of the readout being retained.  

3. The TLD is packaged in the specified manner for the personnel or 
environmental station, and the TLD holder is labeled with the 
appropriate information.  

4. A field data card accompanies the TLD. It is completed by the 
monitor or technician issuing the dosimeter. The data card is 
stored by the monitor until the TLD is collected.  

5. When the TLD is collected, it is returned to dosimetry along with 
the completed field data card.  

6. The dosimeter is inspected for damage and processing acceptability.  

7. A standard format is used to process the TLDs, and a hard copy of 
the results is saved.  

8. The dosimeter is returned to the inventory for reuse.  

9. After approval of the Health Physicist, the dosimeter result and 
other pertinent information are transferred for permanent storage.
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D.15 NRAD QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) 

Goals 

The goals of EMSL-LV quality assurance/quality control are to ensure the 
collection and analysis of environmental samples with the highest degree of 
accuracy and precision obtainable with state-of-the-art instrumentation, and 
to achieve the best possible completeness and comparability given the extent 
and type of networks from which samples are collected. To meet these goals, 
it is necessary to devote strict attention to sample collection, sample 
analysis, quality control, and quality assurance procedures.  

Sample collection 

The collection of samples by the NRAD is governed by a detailed set of 
standard operating procedures (SOPs). These SOPs cover frequency and method 
of collection, type of collection media, sample containment and transport, 
sample preservation, sample identification and labeling, and the operating 
parameters for the instrumentation. Sample control is an important part of 
these activities because it not only permits tracking from collection to 
analysis for each sample, but also for the samples chosen for replicate 
analysis.  

These procedures provide assurance that sample collection, labeling, and 
handling are standardized to minimize sample variability due to inconsistency 
among these variables.  

Sample analysis 

All of the sampling networks operated by the EMSL-LV have individual 
Quality Assurance Program Plans (QAPPs). The procedures required by these 
plans ensure that the results of analysis will be of known quality and will 
be comparable to results obtained elsewhere with equivalent procedures (Table 
D-1). These plans are summarized in the following sections.  

External quality assurance (QA) 

External QA provides the data from which the accuracy of analysis (a 
combination of bias and precision) can be determined. Bias is assessed from 
the results obtained from intercomparison study samples and from samples 
"spiked' with known amounts of radionuclides. The NTS Offsite Radiological 
Safety Program participates in intercomparison study programs that include 
environmental sample analysis, thermoluminescent dosimetry, and whole-body 
counting. Also, samples which are undisclosed to the analyst are spiked by 
adding known amounts of radionuclides and then entered into the normal chain 
of analysis.  

Data for precision are collected from duplicate and replicate analyses.  
At least 30 samples per year from each network are collected in duplicate.  
When analyzed, the data indicate the precision of both sample collection and 
analysis. Replicate counting of at least 10 percent of all samples yields 
data from which the precision of counting can be determined.

D-7



Rev 0

Table D-1. Typical sensitivities and sample sizes at commercial 
laboratories for special projects

i 

Normal minimum 
Minimum detectable activity 

Analysis Isotope aliquot (#Ci/g)

Combustion - liquid 
scintillation counting 

Radiochemical separation 
X-ray spectroscopy 

Aliquoting - Ge(Li) 
spectroscopy 

Radiochemical separation 
beta counting 

Aliquoting - Ge(Li) 
spectroscopy 

Yielded by gamma spectroscopy 
beta counting 

Aliquoting - Ge(Li) 
spectroscopy 

R-Chem, N.N.A./LSC 
Aliquoting - Ge(Li) 

spectroscopy 
Aliquoting - gamma well 

counting 

Radiochemical separation
alpha spectrometry

H-3 
C-14 

Fe-55 

Fe-59 
Un-54 
Co-58 
Co-60 
Cr-51 
Zn-65 

Sr-89 
Sr-90 

Zr-95 

Tc-99 

Mo-9g 
Ce-141 
Ce-144 
Cs-134 
Cs-137 

1-129 

1-131 

Gross 
gamma 

Np-237 
Am-241 
Pu-238 
Pu-239

ig 
1g 

10 g

50 50 
so 
50 
50 
50

1 x 10-5 
1 x 106 

9 x 10 -7

"ml 
ml 
ml 
El 
ml 
ml

1 
5 

7 
3 
1

10 g 
10 g 

50 ml 

10 g

50 
50 
50 
50 
50

ml 
ml 
ml 
ml 
ml

x 
x 
x 
x 
x 
x

10-7 

10 -a 
108
10-7 1 0 -7

5 x 10-8 
4 x 10-O 

1 x 10-7 

6 x 10 -

3 
5 
2 
5 
S

10 A 

50 ml 

50 ml or 
1g

10 g 
10 g 
10 g 
10 g

x 
x 
x 
x 
x

10-a 
10-a 
10-7 
10-a

5 x 10-7 

5 x 10 

2 x I0-6

1 
1 
1 
1

x 
x 
x 
x

10
10-6 
10-6 
10-6
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Table D-1. Typical sensitivities and sample sizes at commercial 
laboratories for special projects (continued)

Normal minimum 
Minimum detectable activity 

Analysis Isotope aliquot (aCi/g) 

Radiochemical separation
liquid scintillation 
counting Pu-241 10 g 3 x 10

Radiochemical separation
alpha spectrometry Cm-243 10 g 1 x 10-6 

Cm-244 l0_g 1 x 10 

Aliquoting - ashing 
gross alpha counting Gross 50 ml or 

alpha 1 g 7 x 10-

Internal quality control (QC)

Internal QC consists of those prroedures used by the analyst to ensure 
proper sample preparation and analysis. The principal procedures used are 
the following: 

- Instrument background counts.  
- Blank and reagent analyses.  
- Instrument calibration with known nuclides.  
- Laboratory control standards analysis.  
- Performance check-source analysis.  
- Maintenance of control charts for background and check-source data.  
- Scheduled instrument maintenance.  

These procedures ensure that the instrumentation is not contaminated, 
that calibration is correct, and that standards carried through the total 
analytical procedure are accurately analysed.  

Analytical methods are further checked by laboratory participation in 
the semiannual DOE Quality Assessment Program conducted by the Environmental 
Measurements Laboratory (E0L), New York, New York; and in the intercomparison 
studies conducted by the World Health Organization's International Reference 
Center for Radioactivity located in France.  

Validation 

After the results are produced, supervisory personnel examine the data 
to determine whether or not the analysis is valid. This includes checking 
all procedures from sample receipt to analytical result, with particular
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attention to the internal QA data and comparison of the results with previous 

data from similar samples at the same location.  

Any variant result or failure to follow internal QA procedures during 

sample analysis will trigger an internal audit of the analytical procedures 

or a re-analysis of the sample or its duplicate.  

Audits 

All analytical data are reviewed by personnel of the Dose Assessment 

Branch for completeness and consistency. Investigations are conducted to 

resolve any inconsistencies, and corrective actions are taken if necessary.  
SOPs and QAPPs are revised as needed following review of procedures and 

methodology. The EMSL-LV QA Officer audits the operations periodically.
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APPENDIX E 

OVERVIEW AND SU•UARY OF ENVIRONMENTAL 
RADIOLOGICAL SAMPLING ACTIVITIES 

PREFACE 

This appendix is a compilation of tables and figures developed to 
provide an overview of the numerous radiological sampling and monitoring 
activities. The various sampling activities are discussed in detail within 
the text of the Radiological Monitoring Plan, Section 4.3.
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Table E-1. Overview of environmental radiological sampling (page 1 of 2) 

Nominal 
Sample type Sample method collection frequency

AIR

Particulate filter 

Charcoal cartridge 

Cascade impactor filters 

Radon 

Tritium 

Inert gas 

WATER 

Ground/drinking water 

Surface water 

Ephemeral streams 

SEDIMENT 

Surface water bodies 

Ephemeral streams 
Surface 

Depth

Continuous 

Continuous 

Intermittent 

Integrating 

Continuous 

Continuous 

Continuous

Grab 

Grab 

Grab 

Grab 

Grab 

Grab

SOIL 

Surface Grab

Filter exchange weekly 

Cartridge exchange weekly 

Near field stations once or 
twice a year 

"Quarterly sampler exchange 
Weekly data collection 

Weekly 

Weekly

Annual at far-field wells 
As available for USGS 

(NNWSI & NTS) near-field 
wells 

Annual 

As available 

Annual 

Concurrent with spring 
freshet 

Once concurrent with initial 
surface sample

Annually at air sampling 
stations, once for 
archiving at all sample 
locations
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Table E-1. Overview of environmental radiological sampling (page 2 of 2) 

Nominal 
Sample type Sample method collection frequency

SOIL (continued) 

Depth 

Drift face

Grab 

Grab

Once at selected locations 
(TBD) 

TBD

AMBIENT RADIATION 

Thermoluminescent 
dosimeters 

Pressurized ion chambers 

Aerial survey 

BIOTA 

Milk 

Produce 
Vegetables 
Meat 
Animal Products 

Field crops 

Forage species 

Game birds 

Indicator species 
Small mammals 
Large herbivorous 

Mammals 
Predators

Integrating 

Continuous 

Flyover

Grab 

Grab 
Grab 
Grab 

Grab 

Grab 

Grab 

Grab 
Grab 

Grab

Quarterly dosimeter 
exchange for stations 
and monthly for personal 

Weekly data collection 

Once per program phase

Monthly 

Annually 
Annually 
TED 

Annually 

Annually 

TBD 

Semi-annually 
TBD 

TBD
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Table E-2. Implementation schedule for RMP activitiesa

Implementation 
phaseActivity

Air sampling/NF station 6 (AP, AI) 

Air sampling/NF stations (AP, AI) 

Air sampling/FF stations (AP, AI) 

Water sampling (DW/SU) 

Catch Basin survey 

Water sampling (Catch Basins) 

Inert-gas and tritium sampling 

Radon integrating samplers (IS) 

Radon continuous monitoring (CRM) 

Soil/sediment (NF) sampling (SO/SD) 

In situ gamma spectral analysis 

Milk sampling (MSN) 

Near-field biota sampling 

Land use survey (biota in human food 
pathway) 

TLD monitoring 

High-pressure ion chamber (PIC) 
monitoring 

ARS survey, RSL 

TLD monitoring (selected members of the 
public)

9/87/c 

4/88 to 7/88 

5/88 to 7/88 

4/88 to 7/88 

7/88 to 1/88 

10/88 to 11/88 

7/88 t~o 9/88 

9/87c 

3/88 

5/88 to 8/88 

6/88 to 11/88 
b 

Ongoing 

5/88 to 2/89 

6/88 to 6/89 

4/88 to 8/88 

7/88 to 11/88 

TBD 

Ongoing

E-5
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Table E-3. Analyses for air monitoring samplesa (page 1 of 2)

Sample media Analysis

1. Air particulate filter (AP)

2. Charcoal cartridge (Al) 

3. Inert-gas collector (IGT) 

4. Tritium (IGT) 

5. Flora (FL)

Gross beta counts on weekly filter 
Gross alpha counts on weekly filter 
Gamma spectroscopy on quarterly composite 

of weekly filters 
Alpha spectrometry or specific radiochemi

cal analysis on quarterly filter 
composite: 
Po-210, Pb-210, Th-230, Np-237, Ra-226, 
Pu-238, Pu-239, Pu-240, Am-241, Am-243, 
Th-232, Cm-243, and Cm-244 

Specific chemical analysis of quarterly 
composites: 
Sr-90, Sr-89, Tc-99, and Pu-241 

Uranium isotopic (non-routine analysis) 

Gamma spectral analysis of weekly collected 
cartridge for 1-131, 1-133, and 1-135 

Radioxenons (Xe-133, Xe-135), and 
radiokrypton (Kr-85) weekly collection of 
compressed gas, cryogenic gas 
chromatographic separation and liquid 
scintillation counting 

H-3 collected weekly on molecular sieve 
column, extracted and counted by liquid 
scintillation 

C-14

6. Radon (RA)

Passive Track EtchTM 
integrating sampler (IRS) 

TEL-continuously recording 
radon monitor (CRM) 

Augmented Track EtchTM (ARS)

Quarterly collection and sent to manufac
turer for processing - Radon 

Ionization chamber readings transferred 
weekly to PC from AB-5 field based micro 
data logger - Radon 

Quarterly collection - Radon daughter 
products
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Table E-3. Analyses for air monitoring samplesa (page 2 of 2) 

Sample media Analysis 

7. Particulate size sample (PS) Periodic collection of filters by low- and 
high-volume cascade impactor for size 
segregation and determination of weight 
fractions (non-routine EMG for actual 
particle sizing) 

aStations: NF: 1, 3, 6, 7, 8, 9, 10, 11, 13, 17 (Figures 4-5, -13, and 

-14); FF: 1 through 26 (Figures 4-6, -7, and -8).
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Table E-4. Analyses for water and sediment monitoring samples a

Sample media Analysis

Groundwater and surface 
water (GW, SU)

Drinking water (DW) 

Ec:emeral streams (SE) 

Sediment (SD)

Annual sample collection 
Gross alpha and gross beta screening counts 
Gamma spectroscopy for gamma emitters 

Co-60, Cs/Ba-137m, Sb-125/Te-125m, 
Cs-134, Eu-154, Eu-155, and Ce-144 

Alpha spectroscopy on radiochemical 
analysis for alpha emitters 
Np-237, Am-241, Pu-238, Pu-239, Pu-240, 
Cm-243, and Cm-244 

Specific radiochemical analysis H-3, Fe-55, 
Ni-59, Ni-63, Zr-g3/Nb-93m, Tc-99, and 
Sm-151 

Same as GW and SW 
EPA drinking water criteria (40 CFR 141) 
(Sr-gg, Sr-90/Y-90, 1-131, Ra-228, and 

Ra-228) 

Annual spring freshet or sufficient 
precipitation event 

Same analysis as surface water 

Concurrent with SU and SE samples 
Same analysis as GW and SU

aStations: NF: 23, 22, 19, 18, 56, 17, 11, Catch basins and USCS wells 
(Figure 4-5). Any well within 84 ka of the Yucca Mountain site that is 
entered and pumped as an activity associated with the NNWSI Project will be 
sampled. Only a limited number (110%) of the samples will receive the full 
suite of analysis indicated. Most samples will be archived and screened for 
future analysis as necessary. Specific analysis for such nuclides as Fe-55, 
Ni-59, Ni-63, and Sa-151 may be conducted on only 5% of water samples being 
analyzed; FF: 1, 2, 4, 5, 6, 8, 9, 12, 14, 15, 16, 18, 19, 20, 21, 23, 24 and 
additional EPA-NRAD stations (Figures 4-15, and -16).
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Table E-5. Analyses for soil samplesa

Sample media Analysis 

Surface soil (SO) Annual sample collection for analysis 
Gross alpha and beta (field surveys) 
Gamma spectroscopy for gamma emitters 
Specific radionuclide analysis: 

Sr-90/Y-90, Zr/Nb-93, Ce/Pr-144, Pu-238, 
Pu-239, Pu-241, Am-241, Ra-226, Np-237, 
Tc-99, 1-129, C-14, Po-210, and uranium 

Soil at depth (SS) Same radionuclide analysis as for surface 
soil 

Soil density 
Soil moisture 
Chemical composition 

Drift wall (DW) Same radionuclide analysis as surface soil 
plus: 
Th-232, Th-238, Th-230, Ra-228, Ra-224, 
Ra-226, U-238, U-235, U-234, and Po-210 

aIn addition to the primary soil sampling stations coinciding with air 

sampling stations and indicator species locations, surface soil samples will 
be collected at all environmental sampling locations and selected areas of 
significant surface disturbances, and then archived. Soil sampling stations
NF: (1) Same as air sampling stations (1, 3, 6, 7, 8, 9, 10, 11, 13, 17; 
Figure 4-5), (2) Indicator species areas (2, 4, 5, 14, 37, 12 and 58; Figure 
4-5), and (3) Underground mining area drift face; FF: Same as air sampling 
stations (Figure 4-6).
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Table E-6. Analyses for biota samplesa

Sample media

Milk (USN)

Produce (human consumption)

Monthly EPA collected and analyzed for 
gamma emitters (routinely) 

Sr-89 and Sr-90 (intermittent) 
H-3 (routinely) 
Alpha spectroscopy 
Radiochemical analysis (special) 

1-129 

Gamma emitters 
Alpha spectroscopy and specific 

radiochemical separation 
Pu-239 and Pu-241

Specific radioanalytic analysis 
C-14, Ni-63, Sr-89, Sr-90, Pu-239, 
Pu-241

and

Gamma emitters 
Alpha spectroscopy and 

analytical processes 
Pu-239 and Am-241

Deer and cattle forage

Indicator species 
(small mamal)

specific radio-

Specific radioanalytic analyses 
Sr-90, C-14 
1-129 (thyroid tissue) 

Gamma emitters 
Alpha spectroscopy and specific 

radiochemical separation 
Pu-239, Am-241, Cm-244, and Np-237 

Specific radioanalytic analysis 
Sr-90 and C-14 

Gamma emitters 
Alpha spectroscopy and radioanalytical 

separation 
Pu-239/240, Am-241, and Np-237 

Specific radionuclide analysis 
1-129, Pu-241, C-14, Tc-99, Sr-90, Sr-89, 
Ni-63, and Ni-59

E-1O
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Analysis

Beef

aBiota sampling stations - NF: 2, 4, 5, 14, 12, 37 and 58 (Figure 4-5); 

FF: TBD (except EPA, MSN (Figure 4-17)).
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Table E-7. Ambient radiation

Sample media Analysis 

TLD dose (mrem/qtr) 
(thermoluminescent dosimeter) 

PIC exposure rate (#R/hr) 
(pressurized ion chamber) 

Aerial radiological survey exposure rate (Cs-137 equivalent uR/hr)
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Table E 8. Environmental radiological surveillance- monitoring and sampling, near field locations 
(page I of 5)

Station Sample types

I AP, Al, PS, SO, RA, PIC, TLD

BIS, FD 

AP, AT, PS, SO, TLD 

TLD, BIS 

BIS, FD 

R, AP, AI, ICT, PS, SO, TLD, 
PIC, FL 

RA 

AP, AI, PS, SO, FD, TLD 

AP, Al, PS, SO, TLD 

AP, AT, PS, SO 

AP, AI, PS, SO, CW, TLD 

BIS 

AP, Al, PS, SO, TLD, FL 

BIS

Program 

NNWSI 

NNWSI/EG&G 

NNWSI 

NNWSI 

NNWSI/EG&G 

NNWSI

NNWSI 

NNWSI 

NNWSI 

NNWSI 

NNWSI/REECo 

NNWSI/EG&G 

NNWSI 

NNWSI/EG&C

Description* 

ES1 A ES2 Area (W 2.5 km) [R:4 0 - 125m 
(ES), 2 0 CW N and S, and 6 0 muck area] 

2 areas in Coyote Wash up and down draw 
from ES (W 3 km) 

NTS-10 Y1M (W 3.5 km) 

uE-25a (WNW 2.5 km) 

(W 1.5 km) 

NTS-60 R (SSW 1 km)

[R:4, SFAI 

(NE 5 ki) 

UE-25WT x 16 (N 2.5 kin) 

85 kV PL (ESE 3 km) 

NTS well J-13 (SSE 5.5 km) 

(SSE 4 km) 

USW WT-7 (WSW 6 ki) 

SFA

2 

3 

4 

5 

6
tv

7 

8 

9 

10 

11 

12 

13 

14



Table E-8. Environmental radiological surveillance--monitoring and sampling, near-field locations 
(page 2 of 5) 

Station Sample types Program Description*

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29

SO, CI, TLD

TLD 

FD 

AP, AI, PS, 

SB, SD 

SE, SD 

FD 

TLD 

S9, SD 

SE, SD 

TLD 

FD 

FD 

FD 

FD 

TLD

NH WS I 

NNWSI/EGAC 

NNWSI/REECo 

HNNWSI 

NH WS I 

NNWSI/Ec&G 

NNHSI 

HNNSI 

NNWSI 

NNWSI/EQ NNWSI/EGM, 

NNWSI

I-

NTS Area 25, Support Area (ESE 14 ki) 

(E 5 ki) 

NTS well J-12 (SSE 10 km) 

Fortymile Wash (SSE 9 km) 

Fortymile Wash (SSE 6.5 km) 

(SE 5 km) 

UE-251T+13 (SE 3.5 ki) 

Fortymile Wash (ESE 4 km) 

Fortymile Wash (E 3 km) 

(ENE 3 km) 

(E 2 km) 

(NE 2 kin) 

(SE 2 km) 

(S 5 kin) 

(S 5 k..)



Table K-8. Environmental radiological surveillance--monitoring and sampling, near-field locations 
(page 3 of 5) 

Station Sample types Program Description*

NNWSI 

NNVSI/BECA 

NNWSI/E•t 

NNWSI/KCAC 

NNWSI/BG&C 

NNWSI/9GtG 
NNWSI 

NNWSI/KCG 

NNWSI/RCG 

NNWSI/9ECC 

NNWI/EMA 

NNVSI 

NNWSI 

NNWSI 

NNWSI

UK-25C (SSW 3 km) 

(S 2 km) 

(E I km) 

(N I ki) 

(N 2 kin) 

(N 5 kin) 

(NNW I ki) 

(NNW I kin) 

(V I k--) 

(SW 2 kin) 

(NW 2 kin) 

USW G-2 (NW 5.5 kin) 

(NV 5 ks) 

USGS-H IBIS (WNW 3.5 ki) 

USW B-3 (SW 4.5 ki)

dLu

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44

TLD 

YD 

FD 

FD 

FD 

FD 

TLD 

BIS 

FD 

FD 

FD 

TLD 

YD 

TLD 

TLD



Table 9-8. Environmental radiological surveillance--monitoring and sampling, near-field locations 
(page 4 of 5) 

Station Sample typem Program Descriptions 

45 FD NNWSI/BG&C (SW 5 ks) 

46 TLD NNWSI (SW 5.5 ki) 

47 TLD NNWSI USW WT-l0 (SW 7 ki) 

48 TLD NNMSI USW H 6 (W 5.5 km) 

49 FD NNWSI/EC1B (W 5 ki) 

t 50 TLD NNWSI (W 5.5 ki) 

cn 51 TLD NNMSI USW VU-1 (WSW 13 ka) 

52 TLD NNWSI USW VU-3 (WSW 16 ki) 

53 TLD NNISI (W 14.5 ki) 

54 TLD NNWSI USW WT-22 (WNW 14.5 ki) 

55 TLD NNWSI (NNW 15.5 ki) 

56 CW/DW NNWSI NTS well J-li (ESE 15.5 ki) 

57 FD NNWSI/KC&C (S I km) 

58 DIS NNWSI/ECAC USW VT-11 (SSW 10 kin) 

ThD CW NNWSI/IUSCS TBD (test wells - Hydrological Studies) 

60 R NNWSI SPA [17]



Table E-8. Environmental radiological surveillance--monitoring and sampling, near-field locations 
(page 5 of 5)

Station Sample types Program Description*

NNWSI 

NNWSI

TBD (catch basin water holes) 

(W/in 8 km) 

At initiation of sampling at site 

in situ gamma spectroscopy

TBD 

TBD 

All 

TBD

SW 

CB 

SA 

FG

*Information in parentheses designates an estimated radial distance and sector coordinate from SFA in 
Figure 4-5.

LW ! 
i,.a 
Ob



Table 9-9. Environmental radiological surveillance--air and soil sampling and monitoring, far field 
locations (page 1 of 2)

Sample types Programa Description

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16

AP, AI, SO 

AP, AT, SO 

AP, Al, SO 

AP, AT, SO 

AP, Al, ICT, SO 

AP, AI, SO 

AP, AI, SO 

AP, Al, IGT,SO 

AP, AI, SO 

AP, Al, SO 

AP, AT, ICT, SO, FL 

AP, Al, ICT, SO 

AP, Al, SO 

AP, AI, ICT, SO 

AP, AI, SO 

AP, AT, SO

NRAD 

REECo/NTS 

KRAD 

REECo/NTS 

NRAD 

REBCo/NTS 

NRAD 

NRAD 

REECo/NTS 

REECo/NTS 

NRAD/NNWSI 

NRAD 

REECo/NTS 

NRAD 

KNWSI 

NNWSI

Station

"I.4

Tonopah Test Range 

NTS Area 20 Dispensary 

Twin Spring Ranch 

NTS Area 16, Substation 

Rachel 

NTS Area 2, Compound 

Crystal Springs (Uiko) 

Alamo 

NTS Area 1, BJY Intersection 

NTS Area 6, CP complex 

Indian Springs 

Las Vegas 

NTS Area 23, Mercury 

Pahrump 

Johnnie 

Amargosa Farms Area



Table E-0. Environmental radiological surveillance--air and soil sampling and monitoring, far field 
locations (page 2 of 2)

Sample types Programa Description

AP, AI, ICT, SO 

AP, Al, SO 

AP, AI, SO, FL 

AP, Al, SO 

AP, AT, IT, SO 

AP, AT, 101, SO, FL 

AP, AI, SO 

AP, Al, ICT, SO 

AP, Al, ITT, SO 

AP, Al, SO, FL 

ICr

AP, AI, SO, FL

NRAD 

NRAD 

NNUS I 

NRAD 

NNWSI 

NRAD 

NRAD 

NRAD 

NNWSI 

NN SI 

NRAD

NRAD

Amargosa Valley (Lathrop Wells) 

Death Valley Junction 

Amargosa Farms Area 

Death Valley 

Furnace Creek 

Beatty 

Scotty's Junction 

Goldfield 

Amargosa Farms Area 

USAF Installation, Toliche Peak 

8 additional EPA monitoring stations in 
Nevada and Utah

Crystal

Station

17 

18 

19 

20 

21 

22 

6 23 
00 

24 

25 

26

27

aMost of the NIAD sampling program designations are a part of EPA/NRAD's existing Surveillance 
Networks in support of NTS monitoring activities. This NRAD/NTS information will be available for NNWSI 
information, as appropriate.



Table -10. Environmental radiological surveillance--water and sediment sampling, far-field locations 
(page I of 2)

Sample types Programa Description

CW/DW 

CW/DW 

DW 

GW/DW 

CW/DW 

GW/DW/SU/SD 

GW 

CW/DW 

GW/DW 

GW 

SU/SD 

GW/DW/SU/SD 

SU/DW 

CW/DW 

SU/SD

NRAD 

NRAD 

NNWSI 

NNWSI/REECo 

NRAD 

NRAD 

NRAD 

NRAD 

NRAD 

NRAD 

NNWSI 

NRAD 

NNWSI 

NRAD 

NNWSI

ESE 80 km, USAF well #2 

ESE 80 km, Indian Springs 

SE 80 km, Trough Springs 

ESE 48 km, Mercury 

SSE 80 km, Pahrump/Calvada well #3 

S 56 km, Crystal Pool 

S 60 km, well 18S/51E-7db 

SE 170 km, Lake Mead intake (Boulder City) 

SE 130 km,, well #28 Las Vegas 

S 50 km, Crystal Reservoir 

S 56 km, Asargosa River 

S 40 km, Fairbanks Spring 

Armagosa Farms 

S 30 km, Lathrop Wells 

SW 60 km, Death Valley

Station

to-

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15
.-I



Table E-10. Environmental radiological surveillance--water and sediment sampling, far-field locations 
(page 2 of 2)

Sample types

GW/DW 

SU/SD 

GW/DW 

GW/DW/SU/SD 

GW/DW/SU/SD 

GW/DW 

GW/DW 

GW/DW

Programa 

NRAD 

NNWSI 

NRAD 

NRAD 

NRAD 

NRAD 

NEAD 

h'AD

Description

W 32 km, NECO/US Ecology 

W 32 km 

WNW 34 km, Beatty 

NW 30 km, Coffer's Well IIS/48-ldd 

WNW 40 km, Gross Springs (Oasis Valley) 

ENE 130 km, Alamo, City well #4 

NE 110 km, Tempiute (Union Carbide well) 

NE 140 km, Crystal Springs (Hiko, NV)

Station

16 

17 

18 

19 

20 

21 

23 

24

aMost of the NIAD sampling program designations are a part of EPA/NI4AD's existing Surveillance 
Networks in support of NTS monitoring activities. This NRAD/NTS information will be available for NNWSI 
information, as appropriate.
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Table E-11. Environmental radiological surveillance--biota sampling, far-field locations

Sample types Programa Description

MI

Produce

BF (LI, LU, KI, BL, BO) 

Domestic food animals 

GB

FS 

FC

NRAD 

NKWSI 

NRAD 

NIWSI 

NNWSI 

NNVSI 

NNWSI

23 stations (NV, CA, UT) 
NTS

w/in 300 km of

TOD

Herd grazed NE of NTS 

TBD 

TBD 

TBD 

TOD (8 areas w/in 84 ki)
gt3

Station

MSN 

TBD 

TOD 

TOD 

TBD 

TOD 

TID

aMost of the NRAD sampling program designations are a part of EPA/NRAD's existing Surveillance 

Networks in support of NTS monitoring activities. This NRAD/NTS information will be available for NNWSI 
information, as appropriate.
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Table E-12. Meteorological monitoring sites

Latitude
UTM coordinates Nevada Longitude Elevation 

Site zone 11 (m) system (ft) (deg. min. sec) (MSL) 

NTS-60 550,776E 569,127E 36"50'331 3751 ft 
Repository (R) 4,077,427N 761,795N 116*25'49' 1143 m 

NTS-10 547,660E 558,826E 36"51'201 4849 ft 
Yucca Mountain 4,078,781N 766,434N 118628'19' 1478 m 
(Ym) 

NTS-1O 548,884E 562,876E 36"51'174 4193 ft 
Coyote Wash (CW) 4,078,689N 766,195N 116"27'051 1278 m 

NTS-1O 553,122E 576,810E 38651'519 4047 ft 
Alice Hill (AH) 4,079,787N 769,661N 116"24'141 1234 m 

NTS-1O 554,396E 580,882E 36"45'511 3124 ft 
Fortymile Wash 4,068,691N 733,230N 116"23'27' 952 m 
(FW)

E-22
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Table E-13. Acronym and abbreviation list (page 1 of 2) 

Acronym or 
abbreviation Definition 

AI gaseous iodine 
AP air particulate 
ARS aerial radiological survey, DOE Remote 

Sensing Laboratory, EG&C/EM 
ASN air surveillance network, EPA-NRAD air 

monitoring stations 

BIS biological indicator species 

CRM continuous radon monitor 

DN dosimetry network, EPA-NRAD TLD 
monitored sites 

DS deer scat 
DW drinking water 

EG&G biological field studies conducted by EBGG, 
Santa Barbara 

EidG electron misrograph (scanning electron 
microscopy) 

FS forage species/cattle 
FC feed crops (stock feed) 
FD forage species/deer 
FF far-field locations 
FG field gamma spectroscopy 
FL flora 
FR fruit 

GB game birds 
GR grain crop 
GW ground water 

IGT inert gas/tritium 
IRS integrating radon sampler 

LTHMP long-term hydrological monitoring program, 
EPA-NRAD groundwater sampling network 

for NTs offsite 

ME meat/domestic food animals 
VI milk 
MSN milk surveillance network, EPA-NRAD milk 

sampling sites
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Table E-13. Acronym and abbreviation list (page 2 of 2)

Acronym or 
abbreviation Definition

NF 
NGTSN 

NRAD 

NTS 
NTS-10 YM 

NTS-10 CWN 

NTS-80 R 

PG 
PL 
PR 
PS 

R 
RA 
REECo 
RSFA 

RT 

SA 
SD 
SE 
SFA 
Sm 
So 
SS 
SU 

TBD 

TTR 

USGS-M xxxx

YE

near-field locations 
Noble Gas and Tritium Surveillance 

Network, EPA-NRAD sampling locations 
Nuclear Radiation Assessment Division, 

EPA-LV 
Nevada Test Site 
Yucca Mountain 10-meter meteorological 

tower 
Coyote Wash North 10-meter meteorological 

tower 
repository facility 60-meter 

meteorological tower 

pasture graze (stock feed) 
powerline 
produce/food crop 
particulate size 

radon monitor/sampler (single site) 
radon array (multiple sample site) 
Reynolds Electrical and Engineering Company 
repository surface facility area 

(conceptual) 
root vegetables 

soil for archiving 
sediment 
surface water/ephemeral streams 
surface facility area 
small mammal (IS) 
soil (routine) 
subsurface soil samples 
surface water 

to be determined 
Tonopah Test Range 

USGS geodetic survey markers 'name'

leafy vegetables

E-24



Rev. 0

APPENDIX F 

SAMPLE ARCHIVING



Rev. 0

APPENDIX F 

SAMPLE ARCHIVING 

Complete and unequivocal preservation of samples for long-term storage 
(archiving) is a practical impossibility. Regardless of the nature of the 
sample, complete stability for every constituent can never be achieved. At 
best, preservation techniques can only retard the chemical and biological 
changes that inevitably continue after the sample is removed from an environ
mental matrix (the parent source). Certain changes occur in the chemical 
structure of the constituents that are a function of physical conditions. In 
water samples, metal cations may precipitate as hydroxides or form complexes 
with other constituents. Metal cations may also adsorb onto container sur
faces (glass, plastic, quartz, etc.). Cations or anions may change valence 
states under certain reducing or oxidizing conditions. Other constituents 
may dissolve or volatilize. Biological changes taking place in either a 
water or soil sample may cause valence changes in contaminants. In water 
samples, soluble constituents may be converted to organically bound materials 
in cell structures, or cell lysis may result in release of cellular material 
into solution. The nitrogen and phosphorus cycles are examples of biological 
influence on sample composition. As a general rule, it is best to analyze 
samples as soon as possible after collection.  

Methods of preservation are relatively limited and are generally 
4intended to (1) retard biological action, (2) retard hydrolysis of chemical 
compounds and complexes, (3) reduce volatility of constituents, and (4) 
reduce absorption effects. Preservation methods for water samples are 
generally limited to pH control, chemical addition, refrigeration, and 
freezing. Drying or freezing are typically the only preservation methods 
used for soil/sediment samples.  

Archiving (long-term storage) of samples, regardless of the preservation 
technique used, if any, will present some unique problems for interpretation 
of analytical results. The process described below is intended to provide a 
simple and economical approach to archiving water and soil samples, and stor
age of sample residues. In this case, sample residue means the end product 
of the radioanalytical process used to determine specific radionuclide 
activity. Specific procedures for preparation of samples for archiving will 
be prepared and reviewed periodically for adequacy in maintaining the 
integrity of each archived sample.  

Sample residues, such as deposited radionuclides on small counting disks 
or a precipitate on a membrane filter, will be retained from the analytical 
laboratory after completion of the analytical process and verification of the 
reported results. Not all sample residues are in a matrix that lends itself 
to being stored for a long period of time. Therefore careful evaluation of 
each residual type will be made prior to preparing specific procedures for 
the handling and storage of these materials. Typically a residual medium 
will be placed in a glass sample jar of appropriate size, sealed, labeled, 
and placed in secure storage cabinets at a sample storage facility.  

Soil/sediment samples, after being split and sieved, will be carefully 
dried and placed into glass wide-mouth sample jars (approximately 1 liter).  
The jars will be sealed with a paraffin or other nonreactive sealant to limit

F-I
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moisture intrusion into the sample container. Drying of soil/sediment 
samples is not expected to alter the containment (radionuclides) of potential 
interest. Sealing the sample container is necessary to keep moisture content 
low and limit potential biological activity. Archived samples will be 
periodically checked to verify that the jars are securely sealed and that 
biological activity, if any, is limited. If a sample shows signs of unusual 
biological activity, it may have to be dried a second time.  

Water samples for archiving will be split into three representative, 
unfiltered, and thoroughly mixed 500-ml aliquots, and sealed in glass reagent 
bottles with glass stoppers. A paraffin/plastic seal compound of high purity 
will be used as the primary sealing compound for the water samples. A very 
secure seal is necessary to prevent sample evaporation, contamination from 
the environment, and excessive biological activity. It is essentially impos
sible to archive a water sample and successfully maintain the integrity of 
the sample during storage. The glass containers will allow for acid strip
ping or other chemical removal of nuclides that ;ay become adsorbed on the 
container walls. Additional evaluation will be necessary to ensure that 
radionuclides of potential interest within a sample can be adequately 
recovered from the sample or container to provide qualitative and quantita
tive information. NCRP (1976) provides a brief overview of the numerous 
difficulties and problems that may be encountered while trying to preserve, 
treat, and store samples in such a way as to provide the desired results.  

The selection of the various archiving steps noted herein are based on 
both simplicity and the assumption that the radionuclides of primary interest 
in the samples will not be lost with time. Special handling of an archived 
sample may be required to achieve the desired nuclide(s) of interest, when 
and if analysis of an archived sample is required. Additional studies 
concerning sample preservation and storage techniques are needed.  

Because of the need to try to evaluate the archiving and storage 
techniques, especially for water samples, a special series of "archived 
control" water samples will be prepared for a long-term testing program.  
These special archive controls should be of at least two or three types, 
including blanks, carrier controls, and spike/tracer controls. A blank 
archive control is a sample aliquot that will be processed in a manner 
identical to that of the parent source sample. An archive carrier control is 
a sample aliquot that will have a carefully controlled quantity of a specific 
carrier or coaplexing agent added prior to being sealed for storage or 
archiving. The spike/tracer control is an aliquot of a sample to which a 
small amount of specific radionuclide(s) will be added.  

Several aliquots of each of the various types of archive controls will 
be needed from each of the special source samples to initiate this long-term 
evaluation process. In addition to the indicated treatments for preparing 
the various archive controls, aliquots of the source sample will be tested to 
provide a baseline analysis of the existing sample composition (chemical 
constituency).  

To conduct a thorough experiment of this nature would require an 
excessive number of sample aliquots and an extensive list of treatment 
conditions. An extensive experiment is beyond the scope of this program. The
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limited tests outlined above are intended to provide additional information 
that should prove useful to the analyst who may be tasked with interpreting 
results obtained from analysis of archived water samples.  

The steps necessary to initiate this "archive control" experiment are 
being developed and will be implemented via the Branch Technical Procedures
Environmental Radiological Procedures in accordance with required quality 
requirements.
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APPENDIX G 

GROUNDWATER SAMPLING CONSIDERATIONS 

The unstable nature of many chemical, physical, and microbial con
stituents in groundwater and subsurface materials limits sample collection 
and analysis options. Groundwater normally moves very slowly. This results 
in a slow rate of change in water quality parameters. However, the sub
surface (hydrogeologic zone) is a unique heterogenous environment and main
taining the integrity of a sample from the time of collection to the time of 
analysis is often a very difficult process. Because the physical, chemical, 
ana microbial aspects of this subsurface environment are so closely inter
related, it is very difficult to deal with one aspect without affecting the 
others. In selecting groundwater sampling procedures, aspects of all para
meters must be considered in an effort to maintain sample integrity (repre
sentativeness).  

Special precautions must be taken to ensure that the sample taken from a 
monitoring well is representative of the groundwater at that location, and 
that the sample is neither altered nor contaminated by the sampling and 
handling process. To obtain a representative sample of the groundwater, it 
must be understood that the composition of the water within the well casing 
and in close proximity to the well is probably not representative of the 
overall groundwater quality at that sampling site. This is due to the possi
ble presence of drilling contaminants near the well and because important 
environmental conditions, such as the oxidation-reduction potential, may 
differ drastically near the well .rom the conditions in the surrounding 
water-bearing materials. General water quality will affect the radiological 
component of a sample, therefore it is highly desirable that a well be pumped 
or bailed until the well is thoroughly flushed of standing water and contains 
fresh water from the aquifer of interest before a sample is collected from 
the well. The recommended length of time required to pump or purge a well 
before sampling is dependent on many factors, including the characteristics 
of the well, the hydrogeological nature of the aquifer, the type of sampling 
equipment being used, and the parameters being sampled.  

This purge period may range from the time needed to pump or bail one 
well bore volume to the time needed to pump several bore volumes. A common 
practice is to pump or bail the monitoring well until a minimum of four to 
ten bore volumes have been removed. Another, more appropriate method for 
determining the optimum pumping time required before a representative water 
sample can be obtained from a monitoring well is to assess specific chemical 
parameters in the field as the well is being pumped or bailed. Each well 
will have a unique optimum pumping time requirement. The three major 
contributors to the pumping time requirement are the length of the well 
casing in contact with the saturated portion of the aquifer, the flow rate, 
and the chemical parameter of interest. By first determining the pumping 
requirement for appropriate constituents (chemical, radiological) in the 
well, it is possible to calculate the overall pumping requirement. The 
longest of the individual pumping requirements is used for the overall 
requirement to ensure that a representative sample of the groundwater is 
collected. Parameters typically analyzed are pH, alkalinity, chloride, 
nitrate, iron, sulfate, and specific conductivity. This particular series of
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chemical analyses can be easily performed in the field using readily 
available, typically inexpensive equipment.  

An optimum pumping time can easily be established by plotting the 
chemical data and making the following assumptions: 

- The water from the well is representative of the groundwater at the 
time when the graph shows chemical stability. Chemical stability is 
represented by a flat line or band (given analytical error) on the 
graph.  

- The total volume of water pumped is a critical factor. (A well 
pumped at half of the discharge rate will take twice as long to 
reach the same chemical stability.) 

In a desert environment, optimum pumping may not be feasible since the 
flow rate in the aquifer may be very low. In cases where such pumping would 
exhaust the available water supply for a significant period, the ideal 
approach will be modified based on feasibility considerations.  

The type of pumping system used is a function of the type and size of 
well construction, pumping level, type of pollutant, analytical procedures, 
and presence or absence of permanent pumping fixtures. Ideally, sample 
withdrawal mechanisms should be completely inert; economical; easily cleaned, 
sterilized, and reused; easy to operate at remote sites; and capable of 
delivering continuous but variable flow rates for purging the well and sample 
collection.  

Most water supply wells contain semi-permanently mounted pumps which 
limit the options available for groundwater sampling. The advantages of 
in-place pumps are that water samples are readily available and non
representative stagnant water in the well bore is generally not a problem.  
The disadvantages are that excessive pumping can dilute or increase the 
contaminant concentrations from what is representative of the sampling point, 
and that water supply wells may produce water from more than one aquifer.  
The advantage to collecting water samples from monitoring wells without 
in-place pumps is in the flexibility of selecting equipment and procedures.  
The principal disadvantage is the possibility of a nonrepresentative sample 
either through collecting stagnant water that is in the well bore, or through 
introduction of contamination from the surface by the sampling equipment or 
procedures. Some commonly used systems are briefly described in the 
following sections.  

Bailers 

Bailers represent one of the oldest and simplest methods for sampling 
water wells. A bailer may be in the form of a weighted bottle or capped 
length of pipe on a rope, or some modification thereof, which is lowered and 
raised, generally by hand. A modified bailer sampler can be used for 
sampling surface waters as well as groundwaters.
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Advantages: 

1. They can be constructed from a wide variety of materials 
compatible with the parameter of interest.  

2. Economical and convenient enough that a separate bailer may be 
dedicated to each well to minimize cross-contamination.  

3. No external power source is required.  

Disadvantages: 

1. It is sometimes impractical to evacuate stagnant water in a well 
bore with a bailer.  

2. Transfer of water sample from bailer to sample bottle can result 
in aeration.  

3. Cross-contamination can be a problem if the equipment is not 
adequately cleaned after each use.  

Suction lift Dumps 

Suction lift pumps are a variety of pumps available that can be used 
when the water table is within suction lift (i.e., less than about 20 feet).  
Centrifugal pumps are the most commonly available, are highly portable, and 
have pumping rates from 5 to 40 gpm. Most of these require a foot-value on 
the end of the suction pipe to aid in maintaining a prime. Peristaltic pumps 
are generally low-volume suction pumps suitable for sampling shallow, small 
diameter wells. Pumping rates are generally low. Hand-operated diaphragm 
pumps are available that can be operated over a wide range of pumping rates, 
which facilitates rapid evacuation of a well bore initially, and lower 
controlled pumping rates for subsequent sampling.  

Advantages: 

1. Generally, suction lift pumps are readily available, relatively 
portable, and inexpensive.  

Disadvantages: 

1. Sampling is limited to groundwater situations where water levels 
are less than about 20 feet.  

Portable submersible pumps 

Groundwater investigations routinely require the collection of samples 
from depths which often exceed the limitations of conventional sampling 
equipment. A submersible pump can be lowered or raised in a monitoring well.  
The entire assembly is usually mounted in a pickup or a van.
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Advantages: 

1. Portability. They can be used tc sample several monitoring 
wells in a brief period of time.  

2. Depending on the size of the pump and pumping depths, relatively 

large pumping rates are possible.  

Disadvantages: 

1. Submersible pumps currently available require a minimum well 
casing inside diameter of three inches.  

2. They require the services of a relatively large service-type 
vehicle - either a van or truck.  

3. With conventional construction materials, they are not suitable 
for organics sampling.  

Air-lift samolers 

A high-pressure hand pump and any reasonably flexible tubing can be used 
as a highly portable air-lift sampler. A small air compressor and somewhat 
more elaborate piping arrangements may be required to sample at greater 
depths. The primary limitations to these samplers are the potential 
alteration of water quality parameters, the amount of air pressure that can 
be safely applied to the tubing, and finding a suitable source of compressed 
air.  

Advantages: 

1. They can be used as portable or permanently installed sampling 
systems.  

2. They can be used to both pre-pump and sample.  

Disadvantages: 

1. They are not suitable for pH sensitive parameters, such as 
metals.  

2. If air or oxygen is used, oxidation is a problem.  

Gas-operated squeeze pumps 

These systems consist principally of a collapsible membrane inside a 
long, rigid housing; a compressed gas supply; and appropriate control valves.  
When the pump is submerged, water enters the collapsible membrane through the 
bottom check valve. After the membrane has filled, gas pressure is applied 
to the annular space between the rigid housing and membrane, forcing the 
water upward through a sampling tube. When the pressure is released, the top
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check valve prevents the sample from flowing back down the discharge line, 
and wa-er from the well again enters the pump through the bottom check valve.  

Advantages: 

1. A wide range in pumping rates is possible.  

2. A wide variety of materials can be used to meet the needs of the 
parameters of interest.  

3. The driving gas does not contact the water sample, which 
eliminates possible contamination or gas stripping.  

4. They can be constructed in diameters as small as one inch 

permitting use of small economical monitoring wells.  

5. They are highly portable.  

Disadvantages: 

1. Large gas volumes and long cycles are necessary for deep 
operation.  

2. Pumping rates cannot match rates of submersible, suction, or jet 
pumps.  

3. Commercial units are relatively expensive - approximately $1,000 
for units currently available.  

Gas-driven piston pumps 

Double-action piston pumps operated by compressed gas are also avail
able. A driving gas enters and exhausts from gas chambers between two 
pistons and an intermediate connector that joins them. Built-in check valves 
at each end of the pumps allow water to enter the cylinders on the suction 
stroke and to be expelled to the surface on the pressure stroke. Pumping 
rates vary with the pumping head, but pumping rates of 2.5 to 8 gallons/hour 
have been noted at 100 feet of pumping head.  

Advantages: 

1. They isolate the sample from the operating gas.  

2. They require no electrical power source.  

3. They operate continuously and reliably over extended periods of 
time.  

4. They use compressed gas economically.  

5. They cam be operated at pumping heads in excess of 500 meters.
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Disadvantages: 

1. They are relatively expensive - in excess of $3,000 for the 
continuously operating unit.  

2. Particulate material may damage or inactivate the pump unless 
the suction line is filtered.  

3. Low pumping rates.  

Table G-1 provides a summary of guidelines for sampling practices 
generally for various categories of water quality pollutants. Sampling for 
radiological constituents is not incompatible with sampling for water quality 
pollutants. Radioactive isotopes possess the same chemical properties as the 
stable isotopes of a given element. The precautions and process applicable 
to collecting and handling samples of a specific element or compound apply 
likewise to its radioactive forms. Some of the information obtained and 
summarized in Table G-1 may be of use for adequately interpreting radioanaly
tical results from groundwater samples (the exception being those 
methodologies associated with organics).
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Table G-1. Guidelines for sampling practices (page 1 of 4)

Measurement Well construction Sampling method

Color 

Conductance 

Hardness 

Odor 

PH 

Residue 

Filterable 

Non-filterable 

Total

PHYSICAL PROPERTIES 

All of the drilling 
and construction 
methods described in 
the test are accept
able. The use of 
water or drilling mud 
will not significantly 
affect the samples if 
the well is pumped 
prior to sampling for 
a sufficient time to 
clear the well of 
drilling fluids. This 
can be determined in 
the field using a con
ductivity meter.

All of the methods 
described in the 
text are accept
able. The easiest 
method should be 
used providing the 
sampling device is 
rinsed thoroughly 
between sampling 
events. Devices 
which affect the 
gas composition of 
the sample will 
affect the pH.

Volatile

Settleable Matter 

Temperature 

Turbidity

METALS

Dissolved 

Suspended 

Total 

Mercury 

Dissolved 

Total

All of the drilling 
and construction 
methods described 
in the text are ac
ceptable except ben
tonite clays or other 
clay-based drilling 
muds, which should not 
be used if possible.  
Plastic casing is pre
ferable to metal 
casing.

All of the methods 
described in the 
text are accept
able provided 
the groundwater 
is not aerated 
during the 
sampling. The 
sampling device 
should be metal 
free and should 
be rinsed 
throughly 
between sampling 
events.
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Table G-1. Guidelines for sampling practices (page 2 of 4)

Measurement Well construction Sampling method

Acidity 

Alkalinity 

Bromide 

Chloride 

Cyanides 

Fluoride 

Iodide 

Nitrogen 

Ammonia

INORGANICS, NON-METALLICS 

All of the drilling 
and construction 
methods described in 
the text are accept
able. The use of 
water or drilling mud 
will not significantly 
affect the samples if 
the well is pumped 
prior to sampling 
for a sufficient time 
to clear the well of 
drilling fluids.  
This can be determined 
in the field using a 
conductivity meter.

All of the methods 
described in the 
text are accept
able although 
methods such as 
bailers, squeeze 
pumps, and piston 
pumps which min
imize changes in 
dissolved gas com
position of the 
sample are prefer
able if the param
eters being measu
red are affected 
by pH or dissolved 
gas changes.

Kjeldahl, Total 

Nitrate plus nitrite 

Nitrate 

Nitrite 

Dissolved Oxygen 

Probe 

Winkler

Phosphorus 

Ortho-phosphate 
Dissolved 
Hydrolyzable 

Total 

Total, 
Dissolved
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Table G-I. Guidelines for sampling practices (page 3 of 4)

Measurement Well construction Sampling method 

INORGAINICS, NON-METALLICS (continued)

Silica 

Sulfate 

Sulfide 

Sulfite

COD 

Oil & Grease 

Organic Carbon 

MBAS

ORGANICS - ROUTINE ANALYSES 

All of the drilling 
and construction 
methods described in 
the text are accept
able, with exceptions 
noted below.

All of the methods 
described in the 
text are accept
able, provided the 
sampling device is 
rinsed throughly 
between sampling 
events, with 
exceptions noted 
below.

Exceptions: Methods of Appendix B should be 
used for 'Oil and Grease" when a separate 
organic phase is present in the aquifer. For 
high sensitivity 'Organic Carbon' analyses, 
methods for *Organics' by chromatographic 
methods, presented below, are preferable.  

ORGANIC - TO BE DETERMINED USING HIGH 
SENSITIVITY ANALYSES BY CHROMATOGRAPHIC METHODS

Purgeable (VOA) 

Non-purgeable

Desirable for wells to 
be constructed without 
the use of contaminat
ing drilling fluids 
and casings. Casing 
in order of preference 
should be Teflon, 
stainless steel. If 
possible, plastic 
casing should not be 
used.

Samples to be ana
lyzed for purge
able volatile 
organics (VOA) 
should be collect
ed by a glass or 
Teflon bailer 
after the well is 
throughly flushed 
with non-aerating 
pump. Vacuum and 
air-lift pumps
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Table G-l. Guidelines for sampling practices (page 4 of 4)

Measurement Well construction Sampling method 

ORGANIC - TO BE DETERMINED USING HIGH 
SENSITIVITY ANALYSES BY CHROKATOGRAPHIC METHODS 

should not be 
used. Samples to 
be analyzed for 
trace levels of 
organics should be 
be collected with 
Teflon or glass 
systems.  

MICROORGANISMS 

Bacteria All of the methods All of the methods 
described in the described in the 

Fungi text are acceptable text are accept
with the exception able if the 

Protozoa of bi.odegradable device can 
drilling muds such as be sterilized 

Viruses Revert, which should before use.  
not be used. All 
components of a well 
casing sandpack pump 
should be chlorinated 
after completion, and 
then thoroughly pumped 
to remove any residual 
chlorine.
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APPENDIX H 

NNWSI PROJECT-RELATED FIELD STUDY PROGRAMS 

Section 6.0 of the RMP discusses the various types of data necessary to 
support the scope of radiological analysis and impact assessments for the 
NNWSI Project. There are numerous field activities and study plans being 
prepared in direct support of requirements and issues detailed in documents 
such as the EM W, SCP, and RCP. Figure H-i depicts the general hierarchy of 
documents in relation to the RMP. These documents provide detailed infor
mation on activities and tasks that will provide vast quantities of data 
during the various phases of the Project. To conduct the radiological 
monitoring program in the most cost effective manner (by limiting duplication 
of effort whenever practical), data from numerous sources will be relied upon 
extensively as summarized in Table H-1. Table H-1 is not a comprehensive 
listing of all activities to be conducted for the NNWSI Project. A detailed 
data/program matrix will be developed as each of the field activities and 
study plans is finalized.

H-I



EISAIC ADAMIMS1RATIV 
PROCEDURES 

tto 

ACRONYMS: 
NNWSI PRO.EC EFAP@ 

TECHNICAL DATA EISIP 
MANAGEMENT EMMP 
SYSTEM & *S ERCP 

REOUIEEMENTS LAEP 
NNWSI 
OCRWM 
PMP 
OAPP 

AMP 

SFAP 
8MWP 
SpP

EFAPFIGI

ENVIRONMENTAL FELD ACTMTY PLAN 
E6 IMPLEMENTATION PLAN 
ENVIRONMENTAL MONITORING AND MITIGATION PLAN 
ENVIRONMENTAL REGULATORY COMPLIANCE PLAN 
LA ENVIRONENIAL IMPLEMENTATION PLAN 
NEVADA NUCLEAR WASTE STORAGE INVESTIGATIONS 
OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
PROJECT MANAGEMENT PLAN 
OUALrIY ASSURANCE PROGRAM PLAN (r&MSS) 
REGULATORY COMPLIANCE PLAN 
RADIOLOGICAL MONITORING PLAN 
SITE CHARACTERIZATION PLAN 
SOCIOECONOMIC FIELD ACTIVITIES PLAN 
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Figure 11-1. Related program documents.
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Table H-I. Overview of information requirements from related field 
activities and study plans (page 1 of 3) 

Environmental Monitoring and Mitigation Plan (EMMP) 
Environmental Field Activities Plans (EFAPs) 

Terrestial Ecosystems (DOE, 1988c) 
Activity Surveys 

Areas of special interest 

Support Studies (population densities/ranging) 
Lagomorphs 
Predators 
Deer 
Game Birds 

Sampling Activities 
Indicator species 
Vegetation 
Game 
Scats 

Meteorology/Air Quality Monitoring (DOE, 1988b) 

Average atmospheric lid (ceiling) height 
Precipitation 
Temperature 
Vertical temperature gradient 
Wind direction frequency 
Reciprocal average wind speed 
Average wind speed (16 quadrant radial grid) 
Pasquill (7) stability categories 
Dispersion (X/Q) values 
TSP/cascade impactor 
PM-10 particulate monitoring 

Water Resources 

Source survey 
Use parameters 
Water quality 
Water level 
Total dissolved solids (TDS) 
Ionic constituents 
Existing contaminants 

Organisms 
Bacteria 
Isotopic constituents
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Table H-I. Overview of information requirements from related field 
activities and study plans (page 2 of 3) 

pH 
Eh 
Electrical conductivity 
Water-level 

Cultural Resource Studies 
Archaeological Studies (DOE, 1988e) 

Field surveys 
Reconnaissance 
Mapping 

Native American Studies (DOE, 1988dj 
Site visits 

Mapping 

Soil 
Characteristics (density, moisture, chemical) 
Weathering 

Radiological Studies (DOE, 1988a) 
Radionuclide/environmental media specific data 

Land Use Studies 
(see SCP/Socioeconomic Field Activities Plan) 

Site Characterization Plan (DOE, 1988f) 

Geohydrological Field Activities 
Water Table Monitoring and Sampling 

Pumping and Tracer Tests 
Chemical composition 

Stream Flown Monitoring 

Playa Coring Study 

Infiltration Testing 

Socioeconomic Program Plan 
Socioeconomic Field Activities Plan 

Population Density and Distribution 
Highly populated areas (urban centers) 
Population density (regional) 
Members of public
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Table H-I. Overview of information requirements from related field 
activities and study plans (page 3 of 3) 

Restricted area access 

Unrestricted area access 

Population Forecasts (projected for all phases of Project) 

Workforce Distribution/Forecast 
Restricted area 
Unrestricted area 

Agricultural Resource Base 
Animal products 

Production 
Consumption 

Crop/Produce Census 
Production 
Consumption 
Distribution 

Land Use Practices 
Pasturage 
Crop Rotation 
Irrigation 

Agri-management Practices
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APPENDIX I 

ACRONYMS AND ABBREVIATIONS 

AEC Atomic Energy Commission 
ALARA as low as reasonably achievable 
ANSI American National Standards Institute 
BTP Branch Technical Procedure 
CCB Change Control Board 
CCF Correspondence Control Facility 
CFR Code of Federal Regulation 
C"M Continuous radon monitor 
DMS NNWSI Project Technical Data Management System 
DOE U.S. Department of Energy 
DOE/HQ U.S. Department of Energy Headquarters 
DOE/NV U.S. Department of Energy, Nevada Operations Office 
E-MkAD Engine Maintenance, Assembly and Disassembly 
EA Environmental Assessment 
EIS Environmental Impact Statement 
EML Environmental Monitoring Laboratory (EPA) 
EP Environmental Monitoring and Mitigation Plan 
EMSL Environmental Monitoring Systems Laboratory (EPA) 
EPA U.S. Environmenta& Protection Agency 
EPASS Environmental Pathway Analysis Scoping Study for the Yucca 

Mountain Site 
EPP Environmental Program Plan 
ERDA Environmental Research and Development Administration 
ERM Environmental Radiological Monitoring 
ES&H Environmental Health and Safety 
ESF exploratory shaft facility 
ER Environmental Report 
FY fiscal year 
HLW high-level waste 
HPED Health Physics and Environment Division (DOE/NV) 
ICRP International Commission on Radiation Protection 
INS NNWSI Project Information Management System 
KEV thousands of electron volts 
LLD lower limit of detection 
MEV millions of electron volts 
MPC maximum perrissible concentration 
MIAI rad x I0 
Mlm 1 rem x 10 
NCRP National Council on Radiation Protection and Measurements 
NEPA National Environmental Protection Act 
NNWSI Nevada Nuclear Waste Storage Investigations 
NOAA National Oceanic and Atmospheric Administration 
NRA• Nuclear Radiation Assessment Division (EPA) 
NRC U.S. Nuclear Regulatory Comission; National Research Council 
NRDA Nevada Research and Development Area 
NTS Nevada Test Site 
NTSO Nevada Test Site Support Office
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NWA Nuclear Waste Amendments (Omnibus Budget Reconciliation Act of 
1987, Conference Report to Accompany H.R.3545, Title V, 
Subtitle A) 

NWPA Nuclear Waste Policy Act of 1982 
OCRWM Office of Civilian Radioactive Waste Management 
PSCRMP Preliminary Site Characterization Radiological Monitoring Plan 
PRAM Preclosure Risk Assessment Methodology 
QA Quality Assurance 
QAPP Quality Assurance Program Plan 
QC Quality Control 
R roentgen 
RCG Radiological Compliance Guide 
RAD See Glossary 
RAMATROL Radioactive Material Control Group (REECo) 
REECo Reynolds Electrical and Engineering Company 
REM See Glossary 
RFPB Radiological Field Programs Branch Manager 
RMP Radiological Monitoring Plan 
SAIC Science Applications International Corporation 
SAR safety analysis report 
SCP site characterization plan 
SEIG System Engineering Integration Group 
SF spent fuel 
SMF Sample Management Facility 
T&MSS Technical and Management Support Services Contractor 
TLD thermoluminescent dosimeter 
TRU transuranic (waste) 
USGS U.S. Geological Survey 
WHO World Health Organization 
WIPP Waste Isolation Pilot Plant 
WLM working level month 
WMPO Waste Management Project Office 
a alpha particle 
A beta particle 
7 gamma ray 
X/Q Atmospheric dispersion coefficient (Atomic Energy and 

Meteorology 
MCi 1 Curie x 10 
#R 1 roentgen x 10
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APPENDIX J 

GLOSSARY

absorbed dose (D) 

accidental radiological 
releases 

actinides 

activation products 

accuracy 

affected Indian Tribe

affected State

The energy imparted to matter by ionizing 
radiation per unit mass of irradiated material 
at the place of interest in that material. The 
absorbed dose is expressed in units of rad 
(gray) where 1 rad = 0.01 joule/kg material (1 
Gy = 1.0 joule/kg material).  

Releases of radioactivity that deviate from the 
planned or expected behavior or course of events 
in connection with the operation of the facility 
and that have Environmental Protection or Safety 
Significance.  

Radioactive elements in the series beginning 
with atomic number 89 and continuing through 
103.  

The group of radionuclides that are formed as a 
result of the absorption radiation.  

The degree of agreement of a measurement with an 
accepted reference or true value. Expressed as 
the difference between the two values, the 
difference as a percentage of the reference or 
true value, or as a ratio of the measured value 
and the reference or true value.  

Any Indian Tribe (1) within whose reservation 
boundaries a repository for high-level radio
active waste or spent fuel is proposed to be 
located or (2) whose Federally defined posses
sory or usage rights to other lands outside the 
reservation boundaries arising out of congres
sionally ratified treaties may be substantially 
and adversely affected by the location of such a 
facility: provided that the Secretary of the 
Interior finds, upon the petition of the appro
priate governmental officials of the Tribe, that 
such effects are both substantial and adverse to 
the Tribe.  

Any State that (1) has been notified by the DOE 
in accordance with Section 116 (a) of the 
Nuclear Waste Policy Act as containing a poten
tially acceptable site; (2) contains a candidate 
site for site characterization or repository 
development; or (3) contains a site selected for 
repository development.
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Nh

ALARA (as low as reasonably 
achievable)

aliquot

alluvial fan

alpha particle 

alpha spectrometry 

ambient radiation 
monitoring 

analytical blank 

analytical detection 
limit 

aquifer 

archive

arithmetic mean

A phrase and acronym used to describe an 
approach to radiation exposure control or 
management whereby the exposures and resulting, 
doses to members of the public, workers, or 
environment are maintained as far below the 
specified limits as economic, technical, and 
practical considerations will permit.  

The fraction of a field sample taken for 
processing through an analytical procedure (a 
"laboratory sample' of a field sample).  

A cone-shaped deposit of alluvium made by a 
stream where it runs out onto a level plain or 
meets a slower stream. The fans generally form 
where streams issue from mountains upon the 
lowland.  

A positively charged particle emitted in the 
radioactive decay of certain nuclides. Made up 
of two protons and two neutrons bound together, 
it is identical with the nucleus of a helium 
atom. It is the least penetrating of the three 
common types of radiation -- alpha, beta, and 
gamma.  

A method of identifying and to some extent 
quantify the type and the radionuclides/ 
radioisotopes present in a material based on the 
energies of the alpha particles emitted by the 
material.  

The measurement of that level of radiation which 
is present in the surrounding existing environ
ment.  

See 'blank.' 

See 'lower limit of detection.' 

A formation, a group of formations, or a part of 
a formation that contains sufficient saturated 
permeable material to yield sufficient quanti
ties of water to wells and springs.  

The controlled storage of a sample in a manner 
to assure maintenance of the chain of custody.  

The most commonly used measure of central ten
dency, commonly called the 'average.' Mathe
matically, it is the sum of all the values of a 
set divided by the number of values in the set.
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atmospheric stability 
class 

atomic energy defense 
activity 

average 

background (radiological) 

background radiation 

baseline (radiological) 

bajada 

beta particle 

beta radiation 

biological half-life 

biota

An index that indicates the atmosphere's ability 
to disperse airborne releases.  

Any activity of the Secretary of Energy per
formed in whole or in part in carrying out any 
of the following functions: Naval reactors 
development, weapons activities, verification 
and control technology, defense nuclear materi
als production, defense nuclear waste and 
materials byproducts management, defense nuclear 
materials security and safeguards and security 
investigations, and defense research and 
development.  

See "arithmetic mean.' 

The existing radiation/radioactive material 
present in the ambient environment.  

Radiation that is produced by sources other than 
the facility of specific interest, such as 
naturally occurring radioactive minerals in the 
earth, cosmic rays, naturally occurring radio
nuclides in living organisms, fallout from 
weapons tests, and other radioactive material 
present at the location of interest.  

The background radiological data for the ambient 
environment associated with preparation of 
environmental documentation.  

A broad, gently inclined detrital surface 
extending from the base of a mountain range out 
into an inland basin, formed by the lateral 
coalescence of a series of alluvial fans, and 
having an undulating character.  

A negatively charged particle, physically 
identical with the electron, that is emitted by 
certain radionuclides.  

See "beta particle.' 

The time required for an organism to eliminate 
half the amount of a radionuclide ingested or 
inhaled.  

The plants and animals which make up the living 
part of the environment.
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blank (radiological) A sample of a media being sampled without 
radiological contaminants normally used to 
selectively evaluate the accuracy of an 
analytical process' ability to detect zero 
activity. This value is then used to evaluate, 
adjust, or correct the routine analytical 
results.

breakthrough (relative 
to gaseous collection 
media) 

by-product material

calibration

check sour*ce

committed dose 
(H50 ) 

confidence interval 

confidence limits 

continuous monitoring 

continuous sampling

When the migration 
medium reaches the 
passing out of the

of a gas through a collection 
point where the gas begins 
medium.

Any radioactive material (except special nuclear 
material) yielded in or made radioactive by 
exposure to the radiation incident to the 
process of producing or utilizing special 
nuclear material.  

Adjustment of the system and the determination 
of system accuracy typically using at least 
three known sources and instrument measurements.  
Adjustment of the system accuracy should be 
conducted using standard operating procedures 
and sources that are traceable to the National 
Bureau of Standards (NBS) or other acceptable 
standards.  

A source (e.g., a radioactive source) not 
necessarily calibrated that is used to confirm 
the continuing satisfactory operation of an 
instrument (also reference source).  

The predicted total dose equivalent to a tissue 
or organ over a 50-year period after an intake 
of a radionuclide into the body. It does not 
include contributions from external dose.  
Committed dose is expressed in units of rem (or 
sievert).  

A value interval that has a designated 
probability (the confidence coefficient) of 
including some defined parameter of the 
population.  

The outer boundaries of a confidence interval.  

The real-time measurement using in situ 
measurement systems.  

Includes both noninterrupted sampling and 
repetitive sequential collection of small 
samples obtained automatically at intervals 
short enough to yield a representative sample 
for the entire sampling period.
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critical pathway

curie

data validation 

daughter product 

decay (radioactive) 

decay chain 

decommissioning 

decontamination 

detector 

disposal

The specific route of transfer of radionuclides 
from one environmental component to another 
(e.g., from one trophic level to another) that 
results in the greatest fraction of an appli
cable dose limit to a population group or an 
individual's whole body, organ, or tissue.  

The amount of rad active material which 
produces 3.7 x 10 disintegrations per second.  

A systematic review of a data set to identify 
"Woutliers' or suspect values. The process uses 
appropriate statistical techniques to screen out 
impossible or highly unlikely values.  

A nuclide that results from radioactive decay.  
Thus radium-226 decays to radon-222 which, in 
turn, decays to polonium-218. The radon is the 
daughter of the radium, and the polonium is the 
daughter of the radon.  

(1) The process whereby radioactive materials 
undergo a change from one element or state to 
another, releasing radiation in the process.  
This action ultimately results in a decrease in 
the number of radioactive nuclei present in the 
sample. (2) The spontaneous transformation of 
one nuclide into a different nuclide or into a 
different isotope of the same nuclide.  

The sequence of radioactive disintegrations in 
succession from one nuclide to another until a 
stable daughter product is reached.  

The permanent removal from service of surface 
facilities and components necessary for 
preclosure operations, after repository closure, 
in accordance with regulatory requirements and 
environmental policies.  

The removal of unwanted material (especially 
radioactive material) from the surface of, or 
from within, another material.  

A device for converting radiation flux and 
energy to a signal suitable for measurement 
purposes.  

The emplacement in a repository of high-level 
radioactive waste, spent nuclear fuel, or other 
highly radioactive material with no foreseeable 
intent of recovery, whether or not such 
emplacement permits the recovery of such waste.
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disposal system 

dose 

dose commitment

dose equivalent 
(radiation) 

dose limit 

effluent 

effluent monitoring

emission

environmental assessment 

environmental impact 
statement 

environmental surveillance

See "repository system.' 

The quantity of radiation absorbed, per unit of 
mass, by the body or by any portion of the body.  

The integrated dose that results from an intake 
of radioactive material when the dose is 
evaluated from the beginning of the intake to a 
later time; also used for the long-term 
integrated dose to which people are considered 
committed because radioactive material has been 
released to the environment.  

An estimate of the amount of biological damage 
done by the deposition in tissue of a given unit 
of absorbed radiation dose. It is obtained by 
multiplying the absorbed radiation dose by a 
quality factor. The unit of dose equivalent is 
the rem.  

The limit established by the Environmental 
Protection Agency or the Nuclear Regulatory 
Commission for the exposure of people to 
radiation.  

Any treated or untreated air emission or liquid 
discharge 1t a DOE site or facility.  

The collection and analysis of samples or 
measurements of liquid, gaseous, or airborne 
effluents for the purpose of characterizing and 
quantifying contaminants and process stream 
characteristics, assessing radiation exposures 
to members of the public, and demonstrating 
compliance with applicable standards.

See 'effluent.'

The document required by Section 112(b)(1)(E) of 
the Nuclear Waste Policy Act of 1982. That 
section also defines what is to be included in 
an environmental assessment (EA).  

The document required by Section 114 of the 
Nuclear Waste Policy Act of 1982.  

The collection and analysis of samples of air, 
water, soil, foodstuff, biota, and other media 
from DOE sites and their environs for purposes 
of demonstrating compliance with applicable 
standards, assessing radiation exposures to 
members of the public, and assessing effects, if 
any, on the local environment.

J-6



Rev. 0

ephemeral stream

exposure 

error 

facility

far field

fission product 

fuel assembly 

gamma radiation 

geologic disposal system 

geologic repository 

grab sample

Drainage of a stream or portion of a stream 
which flows briefly in direct response to 
precipitation in the immediate vicinity, and 
whose channel is at all times above the water 
table.  

The radiation dose received by the absorption of 
radiation or the intake of a radionuclide by any 
individual.  

The difference between an observed or measured 
value and its true value.  

A building, structure, or group of buildings or 
structures that release radionuclides and are 
subject to the regulations/standards pertinent 
to this manual.  

For this document far field means more than 16 
kilometers from the location of the meter tower 
(Figure 4-6).  

A nuclide produced by the fission of a heavier 
element.  

A single mechanical unit consisting of a number 
of fuel rods held together hy a mechanical sup
port structure designed to maintain proper spac
ing of the fuel rods and facilitate their 
handling.  

Electromagnetic ionizing radiation that is emit
ted from the nucleus during some types of 
radioactive decay processes. Gamma radiation 
can penetrate various thicknesses of absorbing 
material, depending primarily on the energy of 
the gamma ray and the composition of the 
material. Gama radiation is primarily an 
external radiation hasard.  

See 'mined geologic disposal system.' 

A system requiring licensing by the Nuclear 
Regulatory Commission, that is intended to be 
used, or may be used, for the disposal of 
radioactive wastes in excavated geologic media.  
A geologic repository includes: (1) the 
geologic-repository operations area, and (2) the 
portion of the geologic setting that provides 
isolation of the radioactive waste.  

A randomly taken, single sample acquired from an 
effluent stream over a short interval of time.
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groundwater

groundwater sources 

highly populated area 

high-level radioactive 
waste 

ingestion-dose pathway 

impaction 

in-line

inert gas

Water below the land surface in a zone of 
saturation.  

Aquifers that have been or could be economically 
and technologically developed as sources of 
water in the foreseeable future.  

Any incorporated place (recognized by the 
decennial reports of the U.S. Bureau of the 
Census) of 2,500 or more persons, or any 
census-designated place (as defined and 
delineated by the Bureau) of 2,500 or more 
persons, unless it can be demonstrated that any 
such place has a lower population density than 
the mean value for the continental United 
States. Counties or county equivalents, whether 
incorporated or not, are specifically excluded 
from the definition of 'place' as used herein.  

(A) The highly radioactive material resulting 
from the reprocessing of spent nuclear fuel, 
including liquid waste produced directly in 
reprocessing and any solid material derived from 
such liquid waste that contains fission products 
in sufficient concentrations; and (B) other 
highly radioactive material that the Nuclear 
Regulatory Commission, consistent with e.. .sting 
law, determines by rule to require permanent 
isolation (NWPA, 2(12)).  

Those components of the food chain or water 
system that might contribute to the radiation 
exposure of an individual as the result of an 
intake of food or water.  

A process by which a particle or droplet is 
removed from an airstream by striking a surface 
in contact with the airstream. When a particle 
grazes a surface and is thus retained, the term 
'interception' applies.  

A system in which a detector or other measuring 
device is placed in the effluent stream for 
purposes of performing measurements on the 
effluent stream.

A chemical stable gaseous element.  
do not normally react chemically.

license application

These gases

An application for a license from the Nuclear 
Regulatory Commission to construct a repository.
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N'

The process of obtaining the permits and 
authorizations required to site, construct, 
operate, close, and decommission a repository,

low-level waste 
(radioactive)

Radioactive material that is not 
radioactive waste, spent nuclear 
transuranic waste, or by-product 
defined in Section 11a(2) of the 
Act of 1954.

high-level 
fuel, 
material as 
Atomic Energy

man-rem

maximally exposed 
person/individual 

maximum individual dose 

maximum permissible 
concentration 

measurement

A unit used in health physics to compare the 
effects of different amounts of radiation on 
groups of people. It is obtained by multiplying 
the average dose equivalent to the whole body or 
a given organ or tissue (measured in rems) by 
the number of persons in that population.  

A hypothetical person who is exposed to a 
release of radioactivity in such a way that he 
receives the maximum possible individual 
radiation dose or dose committment. For 
instance, if the release is a puff of contami
nated air, the maximally exposed individual is a 
person at the point of the largest ground-level 
concentration and stays there during the whole 
time the contaminated-air cloud remains above.  
This term is not meant to imply that there 
really is such a person; it is used only to 
indicate the maximum exposure a person could 
receive.  

The highest radiation dose delivered to the 
whole body or to an organ that a person can 
receive from a release of radioactivity. The 
hypothetical person who receives this dose, the 
maximally exposed individual, is one whose 
location, activities, and habits maximize the 
dose.  

The average concentration of a radionuclide in 
air or water to which a worker or member of the 
general population may be continuously exposed 
without exceeding regulatory limits on external 
or internal radiation doses. Specified in 
Appendix B of 10 CFR Part 20.  

The accurate quantification of a parameter, a 
contaminant, or gross content of radioactive 
material associated with a liquid or airborne 
effluent stream.
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median

membrane filter 

metastable 
(radionuclide) 

minimum detection level 
(MDL) 

mitigation 

molecular sieve

The middle value of a set of data when the set 
of data are ranked in increasing or decreasing 
order. If there are an even number of values in 
the set, the median is the arithmetic average of 
the two middle values; if the number of values 
is odd, it is the middle value.  

One of several commercially available filter 
media consisting generally of very thin 
organic-based films having a range of selectable 
porosities and controlled composition. Very 
thin, porous metallic filters are also known as 
membrane filters.  

A state of temporary nuclear stability which 
occurs in some types of radioactive decays.  
During these decays (called isomeric 
transition), an intermediate product is formed 
by the first stage of decay. This product has a 
half-life long enough to be considered a 
separate isotope.  

The minimum concentration of the constituent 
of species of interest that can be observed by 
an analytical instrument and distinguished from 
instrument noise with a specified degree of 
probability.  

(1) Avoiding the impact altogether by not taking 
a certain action or parts of an action.  
(2) Minimizing impacts by limiting the degree or 
magnitude of the action and its implementation.  
(3) Rectifying the impact by repairing, rehabil
itating, or restoring the affected environment.  
(4) Reducing or eliminating the impact over time 
by preservation and maintenance operations 
during the life of the action. (5) Compensating 
for the impact by replacing or providing substi
tute resources or environments.  

A term used to describe the function of zeolite 
materials, which are clay-like in chemical 
nature, and from which all water can be removed 
without alteration of their molecular structure.  
As a result of this, the material becomes micro
porous to such an extent that about half its 
volume is occupied by very small holes or 
channels. The material thus readily adsorbs 
molecules of other substances in much the same 
manner as activated carbon. However, such 
molecules must be small enough to enter the 
pores vacated by the water molecules. Because 
of the limitation placed by the pores on the 
size of the adsorbed molecules, zeolites act as
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monitor

natural background 
radiation

near field

Nevada Test Site 

nuclear fuel cycle 

occupational dose

selective devices which adsorb smaller molecules 
readily but exclude larger ones. For this 
reason, they are called molecular sieves.  

Two definitions: (1) to measure certain 
constituents or parameters in an effluent stream 
continuously or at a frequency that permits a 
representative estimate of the amount over a 
specified interval of time, and (2) the 
instrumentation or device used in monitoring.  

Radiation that occurs naturally in the 
environment from such sources as cosmic rays, 
the naturally occurring radioactive elements in 
the earth, and naturally occurring radionuclides 
in living organisms.  

Less than 16 kilometers from the 60-meter tower 
(Figure 4-5).  

The U.S. Department of Energy reservation 
located in southeastern Nevada (Figure 4-1).  

Those operations associated with the production 
of electrical power for public use by any fuel 
cycle through utilization of nuclear energy.

The radiation dose received by a 
restricted area or in performing 
involving exposure to radiation.

person in a 
work duties

occupational exposure 

off-line (monitoring 
systems) 

offsite 

onsite 

outlier

The absorption of radiation or the ingestion of 
a radionuclide by an individual, on duty, and 
engaged in operations involving the management, 
storage, and disposal of radioactive waste.  

A system in which an aliquot is withdrawn from 
the effluent stream for collection or conveyance 
to a detector or assembly.  

That area not under effective control of persons 
possessing or using spent nuclear fuel or 
radioactive waste.  

Area within the boundaries of a facility or site 
that is or can be controlled with respect to 
access by the general public.  

An extreme value in a data set so far removed 
from the other values with which it is 
associated that the chance probability of its 
being a valid member of the group is very small.
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particle

Pasquill stability 
class 

pelage 

penetration 

permanent closure 

plate out 

point source 

population dose 

postclosure 

precision 

preclosure 

proficiency testing 

proportional sample

The questionable value may be eliminated from 
the group on the basis of further statistical 
investigations of the data set.  

An aggregate of molecules forming a solid or 
liquid that ranges in size from a few molecular 
diameters to a few millimeters.  

See "atmospheric stability class." 

The condition/state of the fur of an animal.  

The passage of some material through a filter or 
other collector.  

Synonymous with closure.  

A thermal, electrical, chemical, or mechanical 
action that results in a loss of material by 
deposition on surfaces between the point the 
sample was withdrawn, collected, or analyzed.  

The single defined point (origin) of an airborne 
release such as a stack or vent.  

The sum of the radiation doses received by the 
individual members of a population exposed to a 
particular source or event. It is expressed in 
units of man-rem.  

Of or pertaining to the period of time, 
conditions, or events after the closure of the 
geologic repository.  

The degree of exactness of performing an 
analytical procedure.  

Of or pertaining to the period of time, 
activities, operations, and conditions before 
and during the closure of the geologic 
repository.  

A special series of planned tests to determine 
the ability of field technicians or laboratory 
analysts who normally perform routine analyses.  
The results may be used for comparison against 
established criteria, or for relative comparison 
with the results from another group of 
technicians or analysts.  

An aliquot of samples consisting of a known 
fraction of the original samples.

J-12



Rev, 0

quality

QA Level I

QA Level II

QA Level III

quality assurance (QA)

The totality of features and characteristics of 
a material, process, product, service, or 
activity that bears on its capability to satisfy 
a given purpose.  

Those radiological health and safety related 
items and activities that are important to 
either safety or waste isolation and that are 
associated with the ability of a geologic 
nuclear waste repository to function in a manner 
that prevents or mitigates the consequences of a 
process or event that could cause undue risk to 
the radiological health and safety of the 
public. Items and activities important to 
safety are those engineered structures, systems, 
components, and related activities essential to 
the prevention or mitigation of an accident that 
could result in a radiation dose either to the 
whole body or to any organ of 0.5 rem or 
greater, either at or beyond the nearest 
boundary of the unrestricted area at any time 
until the completion of the permanent closure of 
the repository. Items and activities important 
to waste isolation are those barriers and 
related activities which must meet the criteria 
that address long-term performance of the 
engineered and natural barriers to the 
accessible environment after permanent closure.  
The criteria for items or activities important 
to safety and waste isolation are found in 10 
CFR Part 80 and 40 CFR Part 191.  

Those activities and items related to the 
systems, structures, and components which 
require a level of quality assurance sufficient 
to provide for reliability, maintainability, 
public and repository worker radiological health 
and safety, and other operational factors that 
would have an impact on DOE and WMPO concerns, 
and the environment.  

Those activities and items not classified as QA 
Levels I or II.  

Those planned and systematic actions necessary 
to provide adequate confidence that a facility, 
structure, system, or component will perform 
satisfactorily and safely in service. The goal 
of quality assurance is to ensure that research, 
development, demonstration, scientific investi
gations, and production activities are performed 
in a controlled manner; that components, 
systems, and processes are designed, developed, 
constructed, tested, operated, and maintained
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quality control (QC) 

quality factor (Q)

according to engineering standards, quality 
practices, and technical specifications/opera
tional safety requirements; and that resulting, 
technology data are valid and retrievable.  
Quality assurance includes quality control (QC), 
which comprises all those actions necessary to 
control and verify the features and character
istics of a material, process, product, or 
service to specified requirements.  

Those actions necessary to control and verify 
the features and characteristics of a material, 
process, product, service, or activity to 
specified requirements. The aim of quality 
control is to provide quality that is satisfac
tory, adequate, dependable, and economic.  

The principal modifying factor used to derive 
the dose equivalent from the absorbed dose. The 
quality factors to be used are as follows (DOE 
Order 5480.xx):

Radiation type 

x-rays, gamma rays, positrons, 
electrons (including tritium) 

protons and single-charged 
particles of unknown energy 
with rest mass greater than 
one atomic mass unit 

alpha particles and multiple
charged particles (and particles 
of unknown charge) of unknown 
energy

rad

radioactive material 

radiation dose 

radioactive decay

Quality factor 

1 

10 

20

The unit of radiation dose. One rad of dose 
would deliver .01 joule to 1 kg of tissue.  

Any material or combination of materials that 
spontaneously emits ionizing radiation.  

The quantity of radiation absorbed per unit of 
mass by the body or any portion of the body.  

A spontaneous nuclear transformation (disinte
gration) in which nuclear particles or electro
magnetic energy (such as alpha particles, beta 
particles, or gamma photons) are emitted.
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radioactive-waste 
facility

radioisotope

A facility subject to the licensing and related 
regulatory authority of the NRC pursuant to 
Sections 202(3) and 202(4) of the Energy 
Reorganization Act of 1974 (88 Stat. 1244).

A radioactive isotope of an element.

radiological 
environmental 
monitoring 

radiological exposure 

radionuclide 

radionuclide emissions 

random samples 

range 

reasonably achievable 

reference source 

reliability

release limit

rem

repeatability

The measurement of radioactive containment 
concentrations or radiation intensity in the 
environment.  

The radiation dose received by the absorption of 
external radiation or the intake of 
radionuclides.  

A radioactive nuclide. There are several 
hundred known radionuclides, both produced and 
naturally occurring; radionuclides are 
characterized by the number of neutrons and 
protons in an atom's nucleus.  

Releases of airborne radioactive materials to 
the environment.  

Samples obtained in such a manner that all items 
or members of the lot, or population, have an 
equal chance of being selected in the sample.  

The difference between the maximum and minimum 
values of a set of values.  

Mitigation measures or courses of action shown 
to be reasonable considering the costs and 
benefits in accordance with the National 
Environmental Policy Act of 1969 (See 'ALARA").  

See 'check source.' 

The capability of a system to perform a required 
function under stated conditions for a stated 
period of time.  

A regulatory limit on the concentration or the 
amount of radioactive material released to the 
environment; usually expressed as a radiation 
dose.  

The unit of effective radiation dose which re
flects the biological damage capability of the 
radiation. Specifically 1 rem is equal to the 
dose in rads times the quality factor.  

The degree that identical results can be 
obtained from analysis of identical sample.
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replicability 

replicates 

representative sample 

reproducibility 

repository 

sample 

sample blank

sampling

scintillation 

secondary standard

sensitivity

The precision, usually expressed as a standard 
deviation, measuring the variability among 
replicates.  

Repeated but independent determinations of the 
same sample.  

A sample taken to depict the characteristics of 
a lot or population as accurately and precisely 
as possible. A representative sample may be a 
completely 'random sample' or a 'stratified 
sample' depending upon the objective of the 
sampling and the characteristics of the 
conceptual population.  

The degree of precision of a laboratory 
(repeatedly) or different laboratories obtaining 
the same measurement values of the same sample.  

Any system licensed by the NRC that is intended 
to be used for, or may be used for, the 
permanent deep geologic disposal of high-level 
radioactive waste and spent nuclear fuel, 
whether or not such system is designed to permit 
the recovery, for a limited period during 
initial operation, of any materials placed in 
such a system. Such a term includes both 
surface and subsurface areas at which high-level 
radioactive waste and spent nuclear fuel 
handling activities are connected.  

Two definitions: (1) A subset or group of 
objects selected from a larger set, called the 
'lot,' or 'population;' and (2) extracted por
tion or subset of an effluent stream or 
environmental media.  

See 'blank.' 

The extraction of a prescribed portion of an 
effluent stream or jan environmental medium for 
purposes of inspection or analysis.  

A flash of light produced in a phospor by an 
ionization event.  

A material having a property that is calibrated 
against a primary standard.

The minimum 
material of 
detected by

amount of a radionuclide or other 
interest that can repeatedly be 
an instrument, system, or procedure.

sequential sampling Timed samples collected from an effluent stream.

J-16



Rev. 0

shielding

site

source (radioactive)

source

spectroscopy 

spent fuel 

spiked sample 

stable isotope 

standard

standard deviation

testing

thermoluminescence

The material interposed between a source of 
radiation and personnel to protect against 
radiation exposure; commonly used shielding 
materials are concrete, water, and lead.  

For purposes of this document, the site is the 
near-field area surrounding the 60-meter tower.  
This is near the location of the potential Yucca 
Mountain site surface facilities (Figure 4-2).  

A known amount of radioactive material emanating 
a characteristic amount of energy in the form of 
alpha, beta, gamma, or x-ray emissions (or a 
combination of such emissions).  

A single process or release point that 
contributes to or causes a release to the 
environment and that can be separated from other 
processes by a break in the flow of material.  

The measure of the energy distribution of the 
radiation emitted by material.  

Nuclear fuel that has been withdrawn from a 
reactor after irradiation and has not been 
reprocessed to recover uranium and plutonium.  

A normal sample of material (gas, liquid, or 
solid) to which a known amount of radioactive 
material is added. Spiked samples are used to 
check on the performance of a routine analysis 
or the recovery efficiency of an analytical 
method.  

A nuclide that does not undergo radioactive 
decay.  

A material having a known property that can be 
accurately established based on its physical or 
chemical characteristics.  

An indication of the dispersion of a set of 
results around the average of samples collected 
or the mean of a population; the positive square 
root of the sample variance.  

Short-term evaluation of radioactive material 
releases that is representative of typical 
operations using prescribed techniques.  

The property possessed by many substances of 
emitting light when heated. It results from 
release of energy storage as electron displace
ments in the crystal lattice.
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thermoluminescent 
dosimeter (TLD) 

tolerance limits 

traceability 

tracer (radioactive) 

transuranic waste (TRU) 

trenching 

tuff

validation (of a 
computer code)

A type of dosimeter (or radiation measurement 
device) containing a "chip' of thermoluminescent 
material which emits light when subjected to 
heat. The amount of light emitted is directly 
proportional to the radiation dose absorbed by 
the chip, enabling the quantification of this 
dose.  

A particular type of confidence limit used 
frequently in quality control work where the 
limits apply to a percentage of the individual 
values of the population.  

A documented chain of comparisons connecting a 
working standard (in as few steps as is practi
cal) to a national (or international) standard, 
such as a standard kintained by the NES or 
other acceptable standards.  

One of several radioactive materials, of short 
half-life, that is introduced to a groundwater 
system to aid studies of groundwater movement.  

Waste containing more than 100 nanocuries of 
alpha-emitting transuranic isotopes, with half
lives greater than twenty years, per gram of 
waste, except for: (1) high-level radioactive 
wastes; (2) wastes that the Department of Energy 
has determined, with the concurrence of the EPA 
Administrator, do not need the degree of isola
tion required by 40 CFR Part 191; or (3) wastes 
that the NRC has approved for disposal on a 
case-by-case basis in accordance with 10 CFR 
Part 61.  

The digging of shallow trenches to expose the 
underlying stratigraphy, structure, etc., for 
inspection and sampling.  

A compacted pyroclastic deposit of volcanic ash 
and dust that may contain rock and mineral 
fragments incorporated during eruption or 
transport.  

The documented confirmation of the adequacy 
(i.e., suitability for its intended purpose) of 
the computer code under review--demonstration 
that what the software does is appropriate to 
the problem. Validation includes assurance that 
any physical model, as embodied in software, is 
a correct representation of the intended 
physical system or process.
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verification of computer 
codes 

windshield survey 

whole body 

working level

The documented confirmation that the computer 
code performs exactly the mathematical and 
logical operations described in the User's 
Manual and other documents.  

Recording activities of interest in a chosen 
area by means of observation from a motor 
vehicle.  

For radiation dose purpose, whole body refers to 
the uniform exposure of all organs and tissues 
in a human body.  

See Appendix B.
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APPENDIX K 

FIELD MONITORING ACTIVITIES CHANGES 

When revisions, additions, or deletions are made in the environmental 
radiological field monitoring activities (Section 4 of the W), letters 
documenting these changes will be added to the controlled copies of the RMP 
to provide descriptions of the changes. [Note: A controlled copy (see 
definitions per NNWSI program) is a copy maintained by the NNWSI Project in a 
complete, updated, and auditable form for use in program implementation. The 
word 'controlled' is stamped in red on each page of the controlled document.] 
When a revision is made to the RUP, letters relating to changes included in 
the revision will be deleted from Appendix K. Letters which are deleted will 
be identified in Table K-1. These pages will indicate the IMP revision which 
incorporated the changes and document the deleted letter. In addition, all 
letters currently in this appendix will be documented in Table K-2.

K-1



Rev. 0

Table K-1. Letters deleted from Appendix K 

Letter Number Date Incorporated in RevisionI 

None
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Table K-2. Letters currently in Appendix K 

Subject Date Letter Number 

None
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