
























































The West Valley Demonstration Project



EXECUTIVE

SUMMARY

he West Valley Demonstration Project

(WVDP) monitors the surrounding
environment and etfluent from on-site facilities
to fulfill federal and state requirements. The
results of this program show that during the
course of activities at the WVDP, public health
and safety and the environment are being
protected.

This annual report summarizes the environmental
monitoring data collected during calendar year
1994. On-site and off-site radiological monitor-
ing in 1994 confirmed that site activities were
conducted well within state and federal regulatory
limits. (A description of regulatory issues is
found in the Environmental Compliance Sum-
mary.: Calendar Year 1994.) Although
nonradiological monitoring carried out in 1994
identified several exceedances of the site’s water
effluent permit, none of these resulted in adverse
effects upon public health or the environment.

The monitoring activities described in this report
support the primary Project mission to solidity the
high-level radioactive waste left at the site from the
original nuclear fuel reprocessing activities.

An important step toward final solidification of
the high-level waste, initiated in late 1994 and

completed in January 1995, was to combine two
of the high-level waste streams in one under-
ground storage tank. The final step, vitrification
of the high-level waste residues, currently is
scheduled to start in 1996. More site information
is detailed in Chapter 1, Environmental Monitor-
ing Program Information.

Compliance

he WVDP operates under U.S. Department

of Energy (DOE) requirements for radiation
protection of the public and the environment.
Limits on radioactivity concentrations and
exposures to radiation are specified in DOE
Orders. The Project did not exceed or approach
any of the limits on radioactivity or radiation
doses in 1994, including the emission standards
promulgated by the U.S. Environmental
Protection Agency (EPA) and incorporated in
DOE Orders.

Nonradiological plant effluents are regulated by the
New York State Department of Environmental
Conservation (NYSDEC) and the EPA. Surface
effluent water quality, regulated by NYSDEC, is
tested for pH, biochemical oxygen demand (BOD),
and other chemical constituents under a State Pol-
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lutant Discharge Elimination System (SPDES)
permit, which identifies discharge water quality
limits.

The site’s SPDES permit limits were exceeded
several times in 1994, In April and September the
BOD limit was exceeded at outfall 001 as a result
of the growth of algae in lagoon 3. In November,
also at outfall 001, the level of total suspended
solids slightly exceeded its permit limit due to the
wind resuspending sediments in lagoon 3. Meth-
ods being examined to help reduce solids and
BOD discharges include filtration and addition of
hydrogen peroxide. Samples of discharges from
outfall 001 in May showed pH values both above
and below the permitted range. New pH monitor-
ing equipment at outfall 001 has been installed to
assist the site in meeting the more stringent pH
limits received from NYSDEC in 1994 when the
Project’s SPDES permit was renewed. BOD ex-
ceedances at the wastewater treatment plant
outfall (007) in April have been addressed
through enhanced preventive maintenance of the
site cafeteria grease trap and equipment in the
wastewater treatment plant.

In all cases, appropriate actions were taken to
notify NYSDEC in accordance with permit re-
quirements and to keep the agency apprised of
ongoing efforts to prevent recurrence. None of
these exceedances resulted in notices of violation
being issued by NYSDEC. In no case did any
exceedance result in any significant effect on
public health or the environment. (See the Envi-
ronmental Compliance Summary: Calendar Year
1994 for a more detailed description.)

Groundwater quality is regulated by NYSDEC
and the EPA. Groundwater sampling and analy-
ses confirm that on-site groundwater quality has
been and continues to be affected both radiologi-
cally and nonradiologically by past facility
operations. Evaluation of well sampling results
for 1994 continues to define some of these effects.
Although radiological and nonradiological con-
stituents are being detected in localized, on-site

surface and groundwaters, these do not affect
public health or the off-site environment.

In 1994 the WVDP continued the actions that
were required by a RCRA 3008 (h) Administra-
tive Order on Consent. This agreement, made in
1992 between the EPA, NYSDEC, the DOE, and
the New York State Energy Research and Devel-
opment Authority (NYSERDA), specifies the
measures that must be taken to provide informa-
tion about hazardous wastes or constituents that
may have the potential for release to the environ-
ment from identified solid waste management
units (SWMUs). As required by the Consent
Order, a RCRA Facility Investigation (RFI)
Work Plan (West Valley Nuclear Services Co.,
Inc. December 1993) was developed to be used
in gathering this information. In 1994 all field
work associated with this work plan was com-
pleted.

The WVDP continued to operate under and com-
ply with a 1994 Federal and State Facility
Compliance Agreement that addresses radioac-
tive mixed waste management issues. A draft site
treatment plan also related to mixed waste man-
agement was developed and submitted to
NYSDEC in 1994, as required by the Federal
Facility Compliance Act. (See the Environmental
Compliance Summary.)

Waste minimization and pollution prevention in-
itiatives continued to be aggressively pursued in
1994, Compared to 1993 waste-generation rates,
the generation of low-level radioactive waste was
reduced by 29% and radioactive mixed waste by
62%.

Preparation of the draft environmental impact
statement for Project completion by the DOE and
closure or long-term management of facilities at
the Western New York Nuclear Service Center
(WNYNSC) by NYSERDA continued in 1994.
Six alternatives for closure have been developed
and are being evaluated.
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Effluent and Environmental Monitoring Program

Effluent and Environmental
Monitoring Program
n 1994 radiological and nonradiological site

Iefﬂuents and related on-site and off-site
samples were measured and evaluated. Air and
surface water samples were collected to monitor
the two major pathways by which radioactive
material could migrate off-site.

Testing of animal, soil, and vegetation samples
from the area surrounding the Project provided
data to calculate the risk of exposure to radioac-
tivity through eating, drinking, or breathing the
air. Control (background) samples were also
taken to compare with on- or near-site samples.

Air Pathway Monitoring

Airborne particulate radioactivity was sampled
continuously at six WNYNSC perimeter loca-
tions and four remote locations during 1994. (See
Chapter 2, Environmental Monitoring.) Sample
filters were collected weekly; samples were ana-
lyzed weekly for gross alpha and gross beta
radioactivity and quarterly for other isotopes.
Airborne gross radioactivity around the site
boundary was, in all cases, indistinguishable
from background concentrations measured at the
remote locations.

Direct monitoring of airborne effluents at the
main plant stack and other permitted release
points showed all discharges to be well below
DOE and EPA effluent limitations.

Surface Water Pathway Monitoring

Automatic samplers collected surface water at
six locations along site drainage channels. Sam-
ples were analyzed for gross alpha, gross beta,
and gamma activity, and for tritium and stron-
tium-90. Analyses for carbon-14, iodine-129,
uranium and plutonium isotopes, and americium-

241 are also program requirements at several
collection points.

As a result of past site activities and continuing
releases of treated liquids, gross radioactivity
concentrations remained slightly higher in Butter-
milk Creek below the West Valley Project site
than at the upstream background sample point.
However, yearly average concentrations in water
below the Project site in Cattaraugus Creek dur-
ing 1994 were indistinguishable from background
concentrations measured in Buttermilk Creek up-
stream of the Project facilities. All Cattaraugus
Creek concentrations observed were well below
DOE regulatory guidelines (derived concentra-
tion guides [DCGs]). Concentrations of
cesium-137 and other gamma emitters, stron-
tium-90 and other beta emitters, tritium, and
uranium and plutonium isotopes were below
DOE DCGs at all surface water sampling loca-
tions, including Frank’s Creek downstream of the
Project at the inner site security fence, which is
more than 4.8 kilometers (3 mi) upstream of
Cattaraugus Creek.

The low-level liquid waste treatment facility
(LLWTF) contributes most of the activity re-
leased from the site in liquid discharges. The
1994 annual average liquid effluent concentra-
tions of radionuclides were below DOE release
guidelines at the point of discharge.

Food Pathway Monitoring

Radioactivity that could pass through the food
chain was measured by sampling milk, beef, hay,
corn, apples, beans, fish, and venison. With the
exception of strontium-90 from bottom-feeding
fish from above the Springville dam, no statisti-
cally significant differences in radionuclide
concentrations between background (control)
samples and near-site samples were measured in
any of these media. (See Chapter 4, Radiological
Dose Assessment.)
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Direct Environmental Radiation
Monitoring

Direct environmental radiation was measured
continuously during each calendar quarter in
1994 using thermoluminescent dosimeters
(TLDs) placed at forty-three locations around the
WNYNSC perimeter, along the site access road,
at points around the Project site, and at various
background locations. No real differences could
be found between exposure rates measured at
background stations and those at the WNYNSC
perimeter locations. TLD measurements also
were taken inside the restricted area boundary and
reflect low-level radiation from nearby radioac-
tive waste handling and storage facilities.

Small Mammal Study

In 1994 a special study was conducted to deter-
mine the significance of uncontrolled small
mammal activity on-site as a mechanism for the
transport of radioactivity. The study suggests that
potential contaminant transport by small mam-
mals is localized in restricted facility areas.
Transport was not observed in radioactive waste
management or disposal areas.

Nonradiological Monitoring

Nonradiological discharges from the site are
regulated by NYSDEC; however, no special
monitoring and reporting of nonradiological air-
borne effluents is required.

Nonradiological liquid discharges to an on-site
stream from three permitted release points (out-
falls) are monitored as required by the SPDES
permit. Project eftluents are monitored for BOD,
suspended solids, ammonia, iron, pH, oil and
grease, and other water quality indicators. Al-
though the SPDES permit limits were exceeded
several times in 1994, as noted above, monitoring
and observation downstream indicated that non-
radiological liquid discharges had no observed
effects on the off-site environment.

Groundwater Monitoring

he WVDP is directly underlain by layers of

unconsolidated sediments ranging from coarse
gravels to fine clays. Permeabilities of these
sediments are largely a function of grain sizes, with
higher permeabilities reflected in coarser
sediments. The targets of groundwater monitoring
are those saturated units with relatively higher
groundwater velocities that are thus potential
pathways for contaminant migration.

The 1994 monitoring well network included both
on-site wells for surveillance of SWMUSs and
off-site wells to monitor drinking water. The
1994 on-site groundwater monitoring network
included ninety-one Project-related groundwater
monitoring locations. (See Fig. 3-3 in Chapter 3,
Groundwater Monitoring.) Although an addi-
tional twenty-one wells located around the New
York State-licensed disposal area (SDA) are
monitored separately by NYSERDA, data from
those wells are also included in this report. (See
Appendix F.)

The wells provided upgradient and downgradient
monitoring of the low-level liquid waste treatment
facility (LLWTF) lagoons, the high-level waste
tank complex, the Nuclear Regulatory Commission
(NRC)-licensed disposal area (NDA), and other
SWMUs. Wells in the groundwater monitoring
network were each sampled four times during
1994. The range of analyses performed was deter-
mined by technical regulatory guidelines and
site-specific characterization needs.

Monitoring well data are grouped by hydro-
geologic unit. Data from groundwater monitoring
of the sand and gravel unit around the LLWTF
lagoons indicate that radionuclides from past
plant operations have affected groundwater qual-
ity: Compared to background, both tritium and
gross beta concentrations in groundwater sur-
rounding the lagoon system are elevated;
however, the level of tritium contamination has
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Groundwater Monitoring

declined steadily since 1982, as indicated by
measurements at the french drain outfall
WNSPO008. Gross beta activity, which had in-
creased previously, leveled off or declined in
1994 at the sand and gravel LLWTF monitoring
points WNSPOO8 and 8605. Gross beta activity
atwell 111 continued to be elevated in 1994. (See
Groundwater Monitoring Results in Chapter 3,
Groundwater Monitoring.)

Monitoring data from around the high-level waste
tanks do not suggest any effect of the stored
high-level radioactive waste on the groundwater.
However, significant radiological differences be-
tween upgradient and downgradient wells do
indicate that previous site activities have affected
groundwater in this area. Most notable are ele-
vated levels of gross beta in sand and gravel wells
408, 501, and 502, which are downgradient of
the main process plant facilities. Gross beta ac-
tivity in 1994 at well 408 reached an historic high.

In all, there are nine wells on-site that exhibit
elevated gross beta levels above a concentration
of 1E-06 pCi/mL. This concentration corre-
sponds to the Department of Energy DCG for an
annual average strontium-90 surface discharge
and is presented for comparison only. Strontium-
90 has been identified as the primary contributor
to gross beta activity in groundwater on-site and
therefore is used as the limiting beta-emitting
isotope. See Appendix B, Table B-1.

One of the streams originating in a swampy area on
the Project premises was found in late 1993 to have
increasing gross beta radioactivity. Upon examina-
tion, a small seasonal groundwater seep was
discovered that appeared to be a major contributor
of strontium-90 to this drainage path. An investiga-
tion was initiated to characterize the source of this
seep, its effect on surface water quality, and to
provide information for mitigative action, if
deemed necessary. Groundwater and soil beneath
and downgradient of the process building were
sampled between July 14, 1994 and October 19,
1994. During this investigation groundwater was

collected from eighty locations, and soil samples
were collected from four locations. The ground-
water and soil samples were collected with the
Geoprobe®, a mobile, van-mounted sampling
system designed to sample groundwater and/or
soil at two-foot depth intervals.

Preliminary groundwater sampling results indicate
that a narrow, elliptically shaped plume of elevated
gross beta activity, extending northeastward from
the south end of the process building to the con-
struction and demolition debris landfill, is present
in groundwater from the sand and gravel unit. The
plume is approximately 300 feet in width and 800
feet in length. The highest gross beta activities in
groundwater and soil were measured at two loca-
tions near the south end of the process building,
reaching a maximum concentration of 3.6E-03
pCi/mL and 2.4E-02 pCi/g, respectively. Iso-
topic characterization of the groundwater and soil
suggests that strontium-90 and its daughter prod-
uct, yttrium-90, contribute most of the gross beta
activity in groundwater and soil beneath and
downgradient of the process building. At this
time the primary source of contamination appears
to be an area in the southwest corner of the
process building associated with acid recovery
operations conducted by the previous site opera-
tor, Nuclear Fuel Services, Inc. (NES), prior to
any WVDP activities. A final report describing
the principal findings of the investigation, includ-
ing potential sources, is scheduled to be
completed in May 1995.

In the meantime, steps are being taken to remove
strontium-90 from the groundwater flow path, it
it should become necessary. A mobile ion-ex-
change treatment system for surface water was
permitted by NYSDEC in 1994. In addition,
preparations are under way to mitigate strontium-
90 movement near the leading edge of the plume.

Elsewhere, other measured parameters such as
pH and conductivity have shown significant dif-
ferences between upgradient and downgradient
hydrogeologic unit locations. Downgradient sand
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and gravel well 103 continued to demonstrate high
pH, sodium, and hydroxide ion levels in 1994
samples. This well is located in the vicinity of a
spill of sodium hydroxide solution that occurred
because of a transfer pipe failure in 1984. Down-
gradient till-sand well 202 also shows an elevated
pH. Recent data suggest that high pH in this well
is an artifact of well construction rather than his-
torical waste management unit releases or spills.

Organic contaminants were identified in ground-
water in the vicinity of three super solid waste
management units (SSWMUSs). Tributyl phos-
phate, detected in the vicinity of the low-level
waste treatment facility (SSWMU #1), is prob-
ably related to the migration of wastes generated
by the NFS solvent extraction process. Radioac-
tive contaminants have historically been present
in the same area. Three chlorinated organic com-
pounds were detected in the vicinity of the
construction and demolition debris landfill
(SSWMU #8) and near the high-level waste stor-
age and processing area (SSWMU #4). Refer to
Results of Sampling for Groundwater Quality
Parameters in Chapter 3, Groundwater Monitor-
ing, for a more detailed explanation.

Tritium has been detected in wells in the near-
surface weathered Lavery till in the vicinity of the
SDA and the NDA. Elevated tritium has not been
observed in the monitoring wells in the deeper
Kent recessional sequence, supporting the expec-
tation that this geologic unit acts as a barrier.

Ongoing environmental characterization and
RCRA facility investigations are being used to
assess the groundwater in greater detail. (See
Chapter 3, Groundwater Monitoring.)

A control and remediation effort within the NDA
included installation in 1990 of a gravel-back-
filled interceptor trench downgradient of soils
known to be contaminated by tributyl phosphate
and n-dodecane. As in previous years, no solvent
was found in the water collected from this inter-
ceptor trench in 1994.

In addition to on-site monitoring, the potential
effect of Project activities on off-site groundwater
is monitored by annual sampling of designated
private drinking water wells. Monitoring of these
wells continues to demonstrate that the site has
had no effect on residential drinking water sup-
plies in the vicinity. In addition, on-site
groundwaters flowing to the surface with above-
background levels of radioactivity are quickly
diluted by natural stream flow so that levels of
radioactivity, as seen in Cattaraugus Creek at the
first point of public access, continue to be at or
below background levels.

Radiological Dose Assessment

Potential radiation doses to the public from
airborne and liquid effluent releases of
radioactivity from the site during 1994 were
estimated using computer models.

The EPA-approved computer program CAP&8-
PC was used to calculate potential radiation doses
from airborne discharges from the permanent
stacks. These potential doses are measured in
millirems or millisieverts and express a combina-
tion of organ and tissue doses into a single
‘“‘effective” whole body dose. (See Units of
Measure in Chapter 4, Radiological Dose Assess-
ment.) The highest annual effective dose equivalent
(EDE) to a nearby resident was estimated to be
3.2E-04 mrem (3.2E-06 mSv), which is 0.003 % of
the 10 mrem EPA standard. The collective dose to
all persons within an 80-kilometer (50-mi) radius
was estimated to be 3.7E-03 person-rem (3.7E-05
person-Sv) effective dose equivalent.

The highest individual calculated EDE for liquid
effluents was 2.2E-02 mrem (2.2E-04 mSv),
with an annual EDE to the population within 80
kilometers (50 mi) estimated to be 8.1E-02 per-
son-rem (8.1E-04 person-Sv).

The total calculated dose estimates from 1994
Project effluents result in a maximum EDE to an
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individual of 2.3E-02 mrem (2.3E-04 mSv),
which is 0.02% of the 100 mrem DOE limit.
Overall, the annual EDE from air and liquid
discharges to people within an 80-kilometer (50-
mi) radius of the site was calculated to be 8.4E-02
person-rem (8.4E-04 person-Sv). More detailed
explanations of these dose calculations are found
in Chapter 4, Radiological Dose Assessment,
Dose Assessment Methodology.

With the exception of strontium-90 in bottom-feed-
ing fish taken from Cattaraugus Creek above the
dam, concentrations of radionuclides in locally
produced foods are statistically indistinguishable
from background concentrations. The measured
concentration corresponds to an EDE of 0.04
mrem/yr above background if 21 kilograms (46 lbs)
of fish were eaten in 1994.

The potential calculated doses presented above
should be considered in relation to an average
dose of 300 mrem per year toa U.S. resident from
natural background radiation. The dose assess-
ment described in Chapter 4, Radiological Dose
Assessment, predicts an insignificant effect on the
public’s health as a result of radiological releases
from the WVDP.

Quality Assurance

he environmental monitoring  quality

assurance program includes provisions for
evaluating and controlling data generated from both
on-site and off-site measurements. Both on-site and
off-site laboratories and their internal quality
assurance programs are routinely reviewed by site
personnel. In addition, commercial laboratories
must satisfactorily perform blind analyses of
standard or duplicate samples submitted by the
WVDP Environmental Laboratory.

WVDP monitoring activities are subject to qual-
ity control checks from the time of sample
collection through sample analysis and data re-
duction. Each analytical test of the samples

analyzed in the on-site Environmental Laboratory
is reviewed in detail. Specific quality checks
include external review of sampling procedures,
accurate calibrations using primary standard ma-
terials, participation in formal laboratory
crosscheck programs (for example, with the EPA
and the DOE), and assessments by independent
organizations that include the New York State
Department of Health (NYSDOH), the NRC, the
DOE, and Westinghouse Electric Corporation.

Environmental sample sharing and co-location of
measurement points with NYSDOH and the NRC
continued in 1994, ensuring that selected samples
and locations were routinely measured by two or
more independent organizations.

Participation in crosscheck programs, coupled
with other internal quality control procedures and
external laboratory checks, verified the quality of
data gathered in 1994. General program adequacy
and specific issues of quality assurance were
audited by the WVNS quality assurance depart-
ment in 1994. Four self-assessments, conducted
by an independent team of environmental moni-
toring staff, identified areas needing
improvement and tracked the actions taken. (See
Chapter 5, Quality Assurance.)

Project Assessment Activities

A number of important external assessment ac-
tivities were carried out at the WVDP in 1994,
The U.S. Department of Transportation and the
New York State Department of Transportation
jointly inspected the WVDP in July and October
1994 for compliance with hazardous waste ship-
ping regulations. The July inspection identified
one finding pertaining to the requirement for the
site to have a continuously monitored telephone
number that can be called in the event of a
transportation emergency. The finding was ad-
dressed immediately, and the October inspection
did not identity any findings.
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The most significant external environmental over-
view activity in 1994 was a comprehensive
Environmental, Safety, Health and Quality Assur-
ance functional appraisal carried out by the DOE
Idaho Operations office. This appraisal, along with
routine inspections by NYSDEC, the EPA, and the
Cattaraugus County Health Department, confirmed
the high quality of the environmental monitoring
program at the WVDP and the Project’s commit-
ment to environmental compliance.
















































































































ENVIRONMENTAL

MONITORING

Pathway Monitoring

he effluent and environmental monitoring

program provides data on surface waters,
soils, sediments, food and produce, and on the
effluent air and liquids that could provide
pathways for the movement of radionuclides or
hazardous substances from the facility to the
public. Both radiological and nonradiological
parameters are monitored in order to ascertain the
effect of Project activities.

Sediments are sampled upstream and downstream
of the West Valley Demonstration Project
(WVDP). The food pathway is monitored by
collecting samples of beef, hay, milk, and pro-
duce at both near-site and remote locations,
samples of fish upstream and downstream of the
site, and venison samples from the on-site deer
herd and from background locations. Direct ra-
diation on-site, at the perimeter of the site, and at
background locations is also monitored to provide
additional data.

The primary focus of the monitoring program,
however, is on air and water pathways, as these
would be the major means of transport of ra-
dionuclides from the site.

Air and Liquid Pathways

Air and liquid eftluents are monitored on-site by
collecting samples at locations where radioactiv-
ity or other regulated substances are released or
might be released. These include plant ventilation
stacks and various water effluent outfalls.

Surtace water samples are collected from the
tributaries of Cattaraugus Creek that flow
through the Western New York Nuclear Service
Center (WNYNSC) and from drainage channels
within the Project site.

Both air and water samples are collected at perime-
ter locations where the highest concentrations of
transported radionuclides might be expected. Sam-
ples are also collected at remote locations to provide
background concentration data.

Sampling Codes

he complete environmental monitoring

schedule is detailed in Appendix A. This
schedule provides information on monitoring and
reporting requirements and the types and extent
of sampling and monitoring at each location. An
explanation of the codes that identify the sample
medium and the specific sampling or monitoring
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Chapter 2. Environmental Monitoring

location is also found in Appendix A. For example,
a sample location code such as AFGRVAL
indicates an air sample (A), off-site (F), at the Great
Valley (GRVAL) sampling station.

These codes are used throughout this report for
ease of reference and to be consistent with the
data reported in the appendices.

Air Sampler Location and
Operation

Air samplers are located at points remote from
the WVDP site, at the perimeter of the site,
and on the site itself. Figure 2-1 shows the
locations of the on-site air effluent monitors and
samplers; Figure 2-2 and Figure A-9 in Appendix
A show the location of the perimeter and remote
air samplers.

Air samples are collected by drawing air through
a very fine filter with a vacuum pump. The total
volume of air drawn through the sampler is
measured and recorded. The filter traps particles
of dust that are then tested in the laboratory for
radioactivity. At the Rock Springs Road, Great
Valley, and New York State-licensed disposal
area (SDA) locations samples are also collected
for iodine-129 and tritium analyses. (A more
detailed description of the air sampling program
follows below.)

Water Sampler Location and
Operation

Automatic samplers collect surface water at
points along drainage channels within the
WNYNSC that are most likely to show any
radioactivity released from the site and at a
background station upstream of the site. (Grab
samples are collected at several other surface
water locations both on- and oftf-site.) Figure 2-3
shows the location of the on-site surface water
monitoring points. (In the past, on-site automatic

samplers have operated at locations WNSP0O6,
WNNDADR, and WNSW74A. In 1994, a fourth
automated sampler was added at location
WNSWAMP.) Figure 2-4 shows the location of
the off-site automatic surface water monitoring

points. (Oft-site locations are WFBCTCB,
WFFELBR, and the background location,
WFBCBKG.)

Water samplers draw water through a tube ex-
tending to an intake below the stream surface. An
electronically controlled battery-powered pump
first blows air through the sample line to clear
any debris. The pump then reverses to collect a
sample, reverses again to clear the line, then
resets itself. The cycle is repeated after a preset
interval. The pump and sample container are
housed in an insulated and heated shed to allow
sampling throughout the year. (A more detailed
description of the water sampling program fol-
lows below.)

Radiological Monitoring
Air Monitoring
On-site Ventilation Systems

Permits obtained from the U.S. Environmental
Protection Agency (EPA) allow air to be
released from plant ventilation stacks during
normal operations. The air released must meet
criteria that ensure that the environment and the
public’s health and safety are not adversely aftected
by these releases.

Parameters measured include gross alpha and
gross beta, tritium, and various isotopes such as
cesium-137 and strontium-90. When comparing
concentrations with dose limits for screening
purposes, gross alpha and beta radioactivities are
assumed to come from americium-241 and stron-
tium-90, respectively, because the derived
concentration guides (DCGs) for these isotopes
are the most stringent. (U.S. Department of En-
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Radiological Monitoring

ergy [DOE] standards and DCGs for radionu-
clides of interest at the WVDP are found in
Appendix B.)

The exhaust from each permitted fixed ventilation
system on-site is continuously filtered, moni-
tored, and sampled as it is released to the
atmosphere. Specially designed isokinetic sam-
pling nozzles continuously remove a
representative portion of the exhaust air, which
is then drawn through very tine glass fiber filters
to trap any particles. Sensitive detectors continu-
ously monitor the radioactivity on these filters
and provide readouts of alpha and beta radioac-
tivity levels.

A separate sampling unit on the ventilation stack
of continuously operated systems contains an-
other filter that is removed every week and tested
in the laboratory. This sampling system also may
contain an activated carbon cartridge used to
collect a sample that is analyzed for iodine-129.

In addition to these samples, water vapor from
the main plant ventilation stack (ANSTACK) and
the supernatant treatment system (ANSTSTK) is

collected by trapping moisture in silica gel desic-
cant columns. The trapped water is distilled from
the silica gel desiccant and analyzed for tritium.

Because tritium, iodine, and other isotopic con-
centrations are quite low, the large-volume
samples collected weekly from the main plant
stack and from other emission-point samplers
provide the only practical means of determining
the amount of specific radionuclides released
from the facility. In addition to scheduled sam-
pling and analysis of ANSTACK filters for those
parameters defined in Appendix A of this report,
filters are routinely analyzed for strontium-89 and
cesium-137 as part of operational monitoring.

Permitted portable outdoor ventilation enclosures
(OVEs) are used occasionally to provide the
ventilation necessary for the safety of personnel
working with radioactive materials in areas out-
side permanently ventilated facilities. Air
samples from OVEs are collected continuously
while those emission points are discharging and
data from these units are included in annual
airborne emission evaluations.

T1E-03
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BETA
1E-05

1E-06

Ci released per month

1E-07
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Figure 2-5. Eight-Year Trends of Gross Alpha and Gross Beta Concentrations at the Main Stack
Sampling Location (ANSTACK)
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Chapter 2. Environmental Monitoring

o The Main Plant Ventilation Stack

The main ventilation stack sampling system
monitors the most significant airborne eftluent
point. A high sample-collection flow rate through
multiple intake nozzles ensures a representative
sample for both the weekly filter sample and the
on-line monitoring system. The total quantity of
gross alpha, gross beta, and tritium (H-3) re-
leased each month from the main stack, based on
weekly filter measurements, is shown in Appen-
dix C-2, Table C-2.1. Figure 2-5 shows the
eight-year trends for the main stack samples

Silica Gel Columns frorn the Main Ventilation
Stack Sampler

analyzed for gross alpha and gross beta activity.
The figure indicates a steady five-year downward
trend in activity observed for both gross alpha and
gross beta from 1987 to mid-1992. Since then and
throughout 1994 both gross alpha and beta activi-
ties appear to have risen slightly then leveled off.

Analyses of specific radionuclides in the four
quarterly composites ot the main stack ettluent
samples are listed in Table C-2.2. A comparison
of the average concentrations of these measured
isotopes with Department of Energy DCGs in
Table C-2.3 shows that at the point of stack
discharge, average radioactivity levels were al-
ready below concentration guidelines for air-
borne radioactivity in an unrestricted
environment. Additionally, further dilution from
the stack to the site boundary reduces the concen-
tration by an average factor of about 200,000.

o Other On-site Sampling Systems

Sampling systems similar to those of the main
stack monitor airborne effluents from the cement
solidification system ventilation stack
(ANCSSTK), the contact size-reduction facility
ventilation stack (ANCSRFK), and the super-
natant treatment system ventilation stack
(ANSTSTK). The 1994 samples showed detect-
able gross radioactivity, including specific beta-
and alpha-emitting isotopes, but did not approach
any Department of Energy effluent limitations.
Tables C-2.4 through C-2.9 in Appendix C-2
show monthly totals of gross alpha and beta
radioactivity and quarterly total radioactivity re-
leased for specific radionuclides for each of these
sampling locations.

Three other operations are routinely monitored for
airborne radioactive releases: the supercompactor
volume-reduction ventilation system (ANSUPCYV),
the low-level waste treatment facility ventilation
system (ANLLWTF), and the contaminated clothing
laundry ventilation system (ANLAUNYV). Results
for samples collected in 1994 from the supercom-
pactor ventilation (ANSUPCYV) are presented in
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Figure 2-6. Eight-Year Trends of Gross Alpha and Gross Beta Concentrations at the
Rack Springs Road Sampling Location (AFRSPRD)

Tables C-2.10 and C-2.11 in Appendix C-2. The
supercompactor system was shut down in April
1994 due to reduced operational needs. Since then,
it has operated only for short periods of one day to
one week. While in operation the supercompactor
stack is monitored continuously. ANLLWTF and
ANLAUNYV sampling points are sampled for gross
alpha and gross beta radioactivity. In October
1994, new sampling equipment was brought on-
line to upgrade the existing equipment to current
new-equipment standards. This will also augment
the site’s ability to periodically contirm the low
level of releases from these facilities. Data for
these two facilities are presented in Tables C-2.25
through C-2.27 in Appendix C-2.

In 1994 average discharges at the point of release
trom portable outdoor ventilation units were well
below DOE guidelines for alpha and beta radio-
activity in an unrestricted environment. Dilution
tfrom the point of release to the site boundary
would further reduce these concentrations.

Perimeter and Remote Air Sampling

As in previous years, airborne particulate samples
for radiological analysis were collected continu-

ously at six locations around the perimeter of the
site and at four remote locations at Great Valley,
West Valley, Springville, and Dunkirk, New
York. (See Fig. 2-2 and Fig. A-9 in Appendix A.)

Perimeter locations — on Fox Valley Road, Rock
Springs Road, Route 240, Thomas Corners Road,
Dutch Hill Road, and at the site’s bulk storage
warehouse — were chosen to provide historical
continuity or because the location would probably
represent the highest potential airborne concen-
tration of radioactivity. The eight-year trends of
concentrations of gross alpha and gross beta at
the Rock Springs Road location are shown in
Figure 2-6.

The remote locations provide data from nearby
communities — West Valley and Springville —
and from natural background areas. Concentra-
tions measured at Great Valley (AFGRV AL, 29
km south of the site) and Dunkirk (AFDNKRK,
50 km west of the site) are considered repre-
sentative of natural background radiation.

The six perimeter samplers and the four remote
samplers maintain an average flow of about 40
L/min (1.4 ft*/min) through a 47-millimeter glass
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Global Fallout Sampling

Global fallout is sampled at four of the
perimeter air sampler locations and at the
base of the original on-site meteorological
tower. Precipitation from all of the
locations s collected and analyzed every
month. Results from these measurements
are reported in nCi/m? per month for gross
alpha and gross beta and in wCi/mL for
tritium. (The 1994 data from these analyses
are found in Appendix C-2, Table C-2.21.
Table C-2.22 contains precipitation pH
measurement data.)

Fallout-pot data indicate short-term effects.
Long-term deposition is measured by
surface soil samples collected annually near
each air sampling station. Soil sample data
are found in Table C-1.10 of Appendix C-1.

The measured concentrations are typical
of normal background in the region, with
one exception. Soil from the Rock Springs
Road air sampler has consistently shown
a higher-than-background cesium-137
concentration. This sampler is known to
be within an extended area of elevated
cesium activity that was identified by a
1979 survey, well before the Project was
[nitiated.

fiber filter. The sampler heads for each of the
locations are set at 1,7 meters above the ground,
the height of the average human breathing zone.

Filters from oft-site and perimeter samplers are
collected weekly and analyzed after a seven-day
“decay” period to remove interference from
short-lived naturally occurring radioactivity.
Gross alpha and gross beta measurements of each
filter are made weekly using a low-background
gas proportional counter. The gross alpha and
gross beta ranges and annual averages for each of

the off-site sampling points are provided in Ta-
bles 2-1 and 2-2. The concentration ranges
observed are similar to those seen in 1993, Near-
site sample concentrations are indistinguishable
from background and they all retlect normal
seasonal variations.

In addition, quarterly composites, each consisting
of thirteen weekly filters from each sample sta-
tion, are analyzed. Data from these samplers are
provided in Appendix C-2, Tables C-2.12 through
C-2.20 and C-2.23. Although tritium (as hydro-
gen-tritium oxide [HTO]) was positively detected
at the Rock Springs Road location near the site,
its concentration was identical to concentrations
observed at the Great Valley background loca-
tion. A positive strontium-90 value at location
AFSPRVL in the first quarter of 1994 may be an
anomaly (an unexplained isolated value that does
not fit the expected pattern). Similar concentra-
tions have not been observed at any other sample
location closer to the site.

The 1994 data for the three samplers that have
been in operation since 1982 — Fox Valley,
Thomas Corners, and Route 240 — averaged
about 1.56E-14 uCi/mL (5.77E-04 Bg/m®) of
gross beta activity in air. This average is compa-
rable to 1993 data. The average gross beta
concentration at the Great Valley background
station was 1.82E-14 pCi/mL (6.73E-04 Bg/m®)
in 1993, and in 1994 averaged 4.02E-14 pCi/mL
(1.49E-03 Bg/m>).

During the first ten months ot 1994, four ambient
air samplers at locations AFBOEHN,
AFDNKRK, AFGRVAL, and AFWEVAL were
operated in parallel with identical samplers lo-
cated within one mile of their original positions
in order to study the effects of relocating these
sampling points to more open areas, where trees
and other obstructions would not interfere with
sample collection. The results of this study indi-
cate that there is no appreciable difference in the
data obtained from the analysis of the air filters
collected from the original and the new samplers.
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Location

AFFXVRD
AFRSPRD
AFRT240
AFSPRYL
AFTCORD
AFWEVAL
AFGRVAL
AFBOEHN
AFDNKRK

AFBLKST

Location

AFFXVRD
AFRSPRD
AFRT240
AFSPRVL
AFTCORD
AFWEVAL
AFGRVAL
AFBOEHN
AFDNKRK

AFBLKST

Table 2-1

1994 Gross Alpha Activity at Off-site and Perimeter Ambient Air
Sampling Locations

Number of
Samples

52

Range

nCi/mL

Bq/m3

Annual Average

nCi/mL

Bq/m3

<7.22E-16 — 3.26E-15

<5.00E-16 — 4.06E-15

<7.67E-16 — 2.26E-15

<6.55E-16 — 2.96E-15

<7.17E-16 — <2.48E-12

<7.50E-16 — 2.30E-15

<6.74E-16 — <1.50E-13

<6.83E-16 — <5.93E-15

<7.00E-16 — 2.36E-15

<7.33BE-16 — <1.94E-15

<2.67E-05 — 1.21E-04
< 1.85E-05 — 1.50E-04
<2.84E-05 — 8.36E-05
<2.42E-05 — 1.10E-04
<2.65E-05 — <9.18E-02
<2.,78E-05 — 8.51E-05
<2.49E-05 — < 5.55E-03
<2.53E-05 — <2.19E-04
<2.59E-05 — 8.73E-05

<2.71E-05 — <7.18E-05

Table 2-2

1.15%£1.15E-15

0.82+1.13E-15

0.94£1.08E-15

0.86+1.08E-15

-0.5143.44E-13

1.09£1.10E-15

0.30£2.14E-14

0.91£1.55E-15

1.05£1.11E-15

0.79£1.09E-15

4.244+4 25E-05

3.03+4.17E-05

3.48%4.01E-05

3.17£3.98E-05

-0.1941.27E-02

4.024+4.07E-05

1.09%7.91E-04

3.37£5.74E-05

3.89%4.09E-05

2.93+4.02E-05

1994 Gross Beta Activity at Off-site and Perimeter Ambient Air
Sampling Locations

Number of
Samples

Range

wCi/mL

Bq/ m’

Annual Average

uC¥/mL

Bq/m3

1.03E-14 — 3.32E-14

7.19E-15 — 2.90E-14

7.05E-15 — 3.52E-14

5.77E-15 — 2.68E-14

5.88E-15 — <5.42E-12

1.01E-14 — 3.93E-14

9.82E-15 — 8.26E-13

7.37E-15 — 2.97E-14

6.07B-15 —3.71E-14

8.87E-15 — 2.88E-14

3.81E-04 — 1.23E-03

2.66E-04 — 1.07E-03

2.61E-04 — 1.30E-03

2.13E-04 — 9.92E-04

2.18E-04 — <2.01E-01

3.74B-04 — 1.45E-03

3.63E-04 — 3.06E-02

2.73E-04 — 1.10E-03

2.25E-04 — 1.37E-03

3.28E-04 — 1.07E-03

1.8930.34E-14

1.68+0.34E-14

1.7010.33E-14

1.4520.31E-14

0.11£7.52E-13

2.0610.34E-14

4.0216.10E-14

1.7810.41E-14

1.7040.32E-14

1.7640.34E-14

7.01£1.26E-04

6.2241.24E-04

6.29%1.20E-04

5.38%1.16E-04

0.04£2.78E-02

7.61+1.26E-04

1.49+2.26E-03

6.59+1.50E-04

6.27+1.20E-04

6.50+1.26E-04



Chapter 2. Environmental Monitoring

In October 1994, the original samplers at AFBOEHN,
AFGRVAL, and AFWEVAL were removed from
service. The original AFDNKRK air sampler remains
in service. The new AFDNKRK sampler was re-
moved because of difficulties in maintaining a lease
agreement for the property on which it was placed.
Another suitable siting location is being considered.
A new sampler (ANSDAT9) that monitors diffuse
releases of radioactivity associated with the New
York State Energy and Research Development
Authority’s (NYSERDA’s) SDA was put in place
in late 1993. Results of this monitoring are pre-
sented in Appendix C-2, Table C-2.24.

Off-site Surface Soil Sampling

Soil from the upper two inches of the ground near
the perimeter air samplers is collected annually
to measure the radioactivity deposited by world-
wide fallout. Samples were collected in 1994
from ten locations: six points on the perimeter of
the retained premises (WNYNSC), two in nearby
communities, and two in locations 30 to 50
kitometers distant from the Project. Analyses for
cesium-137, strontium-90, plutonium-239, and
americium-241 at all ten locations and analyses
for uranium isotopes at three points were com-
pared among the sample locations and with results
from the four previous years.

Springville Dam on Cattaraugus Creek
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The 1994 results (Table C -1.10) show that with
the exception of two cesium-137 results from the
southeast and northwest perimeter sampler loca-
tions, detectable concentrations of potassium-40
(a naturally occurring radionuclide), strontium-
90 and cesium-137 (both present in worldwide
fallout), and natural uranium isotopes were
within the same range of uncertainty as back-
ground samples. All values remain within the
range observed at background locations during
the past five years.

Surface Water and Sediment
Monitoring

On-site Surface Water Sampling

The largest single source of radioactivity released
to surface waters from the Project is the discharge
from the low-level waste treatment facility
through the lagoon 3 weir (WNSP0O1, Fig. 2-3)
into Erdman Brook, a tributary of Frank’s Creek.
There were eight batch releases totaling about
44.7 million liters (11.8 million gal) in 1994. In
addition to composite samples collected near the
beginning and end of each discharge, forty-three
daily effluent grab samples were collected and
analyzed.

A water sampling station (WNSPO006) is located
on Frank’s Creek where Project site drainage
leaves the security-fenced area. (See Fig. 2-3.)
This sampler collects a 50-mL aliquot (a small
volume ot water) every halt-hour. Samples are
retrieved weekly and composited both monthly
and quarterly. (See Table C-1.5.) Weekly sam-
ples are analyzed for tritium and gross alpha and
beta radioactivity as well as pH and conductivity.
The monthly composite is analyzed for strontium-
90 and gamma-emitting isotopes. A quarterly
composite is analyzed for carbon-14, iodine-129,
alpha-emitting isotopes, and total uranium. (See
Table C-1.6.)

The north and northeast swamp drainages on the
site’s north plateau are two major channels for

surface water and emergent groundwater to col-
lect. Samples from the north swamp drainage are
collected by an automated sampler at location
WNSW74A every week. (See Fig. 2-3.) Grab
samples were collected weekly from the northeast
swamp drainage at sampling point WNSWAMP
until March 1994, when an automatic sampler
was installed at this location. (See Fig. 2-3.)
Samples trom both locations are analyzed weekly
for gross alpha, gross beta, tritium, pH, and
conductivity. Composites of weekly samples are
also analyzed for a full range of specific isotopes.
Semiannual grab samples from these locations are
analyzed for important chemical parameters.

Sampling point WNSP005, which monitors
drainage from behind and to the east of the main
plant, and WNFRC67, which monitors surtace
waters draining from the east side of the SDA,
are both grab-sampled on a monthly basis. Sam-
ples are analyzed for pH, gross alpha, gross beta,
and tritium.

Another sampling point, WN8D1DR, is used to
monitor surtace and groundwater flow from the
high-level waste tank farm area. The sample is
collected from a storm sewer manhole access and
is analyzed weekly for gross alpha and beta, tritium,
and pH. A monthly composite is analyzed for
gamma isotopes and strontium-90. (See Special
Monitoring.)

The surtace water drainage path downstream of
the Nuclear Regulatory Commission-licensed
disposal area (NDA) is monitored at location
WNNDADR using an automated sampler.
Weekly samples are composited and analyzed on
a monthly basis for gross alpha, gross beta,
tritium, and gamma-emitting isotopes. Quarterly
composites analyzed for strontium-90 and iodine-
129 and semiannual grab samples analyzed tor
chemical parameters provide data useful tor con-
firming the effectiveness of NDA remediation
etforts.
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Downstream of WNNDADR, on Erdman Brook
and to the west of the SDA, is sampling point
WNERBS53. Weekly samples collected from this
point are analyzed for pH, gross alpha, gross
beta, and tritium. In addition to samples collected
by the WVDP, independent samples are collected
and analyzed by the New York State Department
of Health (NYSDOH) at this location and at
WNFRC67, which monitors waters draining
from the east side of the SDA.

Near-site Standing Water

In addition to sampling water from flowing
streams, water from ponds and lakes within the
retained premises also is sampled. Tests for gross
alpha and beta radioactivity, tritium, pH, and vari-
ous other water quality parameters are performed
annually to verify that no major changes are occur-
ring in standing water within the Project facility
environs.

Off-site Surface Water Sampling

An off-site sampler (WFFELBR) is located on
Cattaraugus Creek at Felton Bridge just down-
stream of Cattaraugus Creek’s confluence with
Buttermilk Creek, which is the major surface
drainage from the WNYNSC. (See Fig. 2-4.) The
sampler collects a 50-mL aliquot every halt-hour
from the creek. A chart recorder registers the
stream depth during the sampling period so that
a tlow-weighted weekly sample can be propor-
tioned into a monthly composite. The weekly
samples are analyzed for gross alpha, gross beta,
tritium, and pH each week, and the sample com-
posite is analyzed for strontium-90 and
gamma-emitting isotopes.

In addition to the Cattaraugus Creek sampler, two
surface water monitoring stations are located on
Buttermilk Creek both upstream and downstream
of the WVDP. (See Fig. 2-4.) Samplers collect
water from a background location upstream ot the
Project at Fox Valley Road (WFBCBKG) and
from a location at Thomas Corners Road that is

downstream of the plant and upstream of Butter-
milk Creek’s confluence with Cattaraugus Creek
(WFBCTCB).

These samplers collect a 25-ml. aliquot every
half-hour. Samples are retrieved biweekly, com-
posited monthly, and analyzed for tritium, gross
alpha, and gross beta radioactivity. A quarterly
composite of the biweekly samples is analyzed
for gamma-emitting isotopes and strontium-90.
Quarterly composite samples from WFBCBKG
also are analyzed for carbon-14, iodine-129, al-
pha isotopes, and total uranium. (Table C-1.3
shows monthly and quarterly radioactivity con-
centrations upstream of the site at Fox Valley;
Table C-1.4 shows monthly and quarterly radio-
activity concentrations downstream of the site at
Thomas Corners.)

Radioactivity Concentrations On-site:
Low-level Waste Treatment Facility

The total amounts of radioactivity from specific
radionuclides in the lagoon 3 eftluent are listed in
Table C-1.1. The observed annual average con-
centration of each radionuclide released is
divided by its corresponding Department of En-
ergy DCG in order to determine what percentage
of the DCG was released. As a DOE policy, the
sum of the percentages calculated for all radionu-
clides released must not exceed 100%. In 1994
the annual average isotopic concentrations from
the lagoon 3 eftluent discharge weir combined to
be less than 44 % of the DCGs, down from about
47% in 1993, (See Table C-1.2.)

In the course of preparing existing facility spaces
to support vitrification, cleanup water from these
spaces was processed in the low-level waste treat-
ment facility (LLWTF). Waste stream transients
(variations in waste stream constituents) noted
within the last calendar year could have contrib-
uted to a shift in final liquid effluent isotopic
ratios. Possibly related to these waste stream
transients, higher concentrations of strontium-90
and uranium-232 have been observed in the la-
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goon 3 effluent during 1993 and 1994. Improved
LLWTF operation has reduced cesium-137 con-
centrations in the final effluent since 1992.

Radioactivity Concentrations On-site:
Surface Water Sampling Locations

North Swamp Sampling Location

Results for samples collected at location
WNSW74A, which monitors drainage from the
northern end of the site to Quarry Creek, are
summarized in Appendix C-1,Tables C-1.14 and
C-1.15. Gross beta concentrations at this location
are three to four times higher than the average
value observed at background location
WFBCBKG but still are sixty times lower than
the DCG for strontium-90. Tritium at this loca-
tion is below the detection limit. The highest
quarterly strontium-90 result at WNSW74A was
less than 1.2% of its DCG.

Northeast Swamp Sampling Location

Sampling point WNSWAMP also monitors sur-
face water drainage from the site’s north plateau.
(See Tables 2-3 and 2-4 and Appendix C-1, Tables
C-1.12 and C-1.13.) Waters from this drainage

run into Frank’s Creek downstream of location
WNSPQ06. Together with location WNDMPNE,
results from this location also indicate the quality
of emergent groundwaters in the area. An upward
trend in gross beta concentration during 1993 and
1994 at location WNSWAMP is discussed in
Chapter 3, Groundwater Monitoring, Long-term
Trends of Gross Beta and Tritium at Selected
Groundwater Monitoring Locations and Sub-
surface Investigation of Gross Beta on the
North Plateau. The average tritium concentra-
tion at this location in 1994 was 4.04E-07
uCi/mL, which is above that observed at the
background location WFBCBKG but well below
the DCG for tritium of 2E-03 pCi/mL.

NDA Sampling Locations

Gross beta concentrations at location WNNDADR
averaged 2.42E-07 nCi/mL in 1994, (See Table 2-4
and Table C-1.22 in Appendix C-1.) Concentra-
tions at this location were above the average seen
at background location WFBCBKG but are all
well below the DCG for strontium-90 (1E-06
puCi/mL). In fact, the highest quarterly composite
isotopic strontium-90 result was only 14 % of its
DCG. The overall trend for gross beta concentra-
tions at this location has remained relatively
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Figure 2-7. Eight-Year Trends of Gross Alpha, Gross Beta, and Tritium Concentrations at
Sampling Location WNNDADR
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Table 2-3
1994 Gross Alpha Activity at Surface Water Sampling Locations

Location Number of Range Annual Average
Samples pCi/ml Byg/L nCi/mL Bq/L
Analyzed
OFF-SITE
WFBIGBR 12 <1.63E-09 — <3.92E-09 <6.02E-02 — < 1.45E-01 -0.162.91E-09 -0.06*1.08E-01
WFBCBKG 12 < 1.23E-09 — 5.79E-09 <4.55E-02 — 2.02E-01 0.611+2.48E-09 2.2739.21E-02
WFBCTCB 12 < 1.40B-09 — <3.76E-09 <5.18E-02 — <1.39E-01 0.13+2.48E-09  0.4749.18E-02
WFFELBR 52 <1.36E-09 — <5.67E-09 <4.85E-02 — <2,10E-01 0.57%+2.95E-09 0.21£1.09E-01
ON-SITE
WNNDADR 12 <2.43E-09 — <7.90E-09 <9.00E-02 — <2.92E-01 -0.70+5.41E-09 -0.26+2.00E-01
WNSWAMP 52 <2.21E-09 — 1.76E-08 < 8.18E-02 — 6.51E-01 3.0416.87E-09 1.1242.54E-01
WNSW74A 52 <1.13B-09 — <8.64E-09 <4.18E-02 — <3.20E-01 | -0.2145.28E-09 -0.08+1.94E-01
WNSP006 52 <1.44B-09 — <1.44B-08 <5.73E-02 — <5.33B-01 | 1.6545.98B-09  0.612.21E-01
Table 2-4
1994 Gross Beta Activity at Surface Water Sampling Locations
Location Number of Range Annual Average
Samples pCi/mL By/L pCv/mL By/L
Analyzed
OFF-SITE
WFBIGBR 12 <2.02E-09 — 5.44E-09 <7.47E-02 — 2.01E-01 2.75%2 .07E-09 1.02+0.77E-01
WFBCBKG 12 <1.88E-09 — 1.41E-08 < 6.96E-02 — 5.22E-01 3.62+1.88E-09 1.3410.68E-01
WFBCTCB 12 5.81E-09 — 1.45E-08 2.15E-01 -—— 5.37E-01 9.20+2.35E-09 3.40%0.87E-01
WFFELBR 52 <1.57E-09 — 1.08E-08 < 5.81E-02 — 4.00E-01 3.7012.18E-09 1.37£0.81E-01
N-SITE
WNNDADR 12 §.81E-08 — 3.22E-07 3.26E+00 — 1.19E+01 2.4240.13E-07 8.9710.48E + 00
WNSWAMP 52 7.46E-07 — 3.58E-06 2.76E+01 — 1.32E+02 1.59140.04E-06 5.8940.14E+01
WNSW74A 52 <4.96E-09 — 1.92E-08 < 1.84E-01 — 7.10B-01 1.3040.54E-08  4.8242.00E-01
WNSP306 52 1.70E-08 — 6.52E-07 6.29E-01 — 2.41E+01 9.7540.96E-08 3.61+0.36E+00
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Figure 2-8. Eight-Year Trends of Gross Alpha, Gross Beta, and Tritium Concentrations at
Sampling Location WNSP0OO6

constant over time (Fig. 2-7). Except for seasonal
variation, the same is true of tritium.

A key indicator of any possible migration of
solvent from the NDA would be the presence of
significant iodine-129 in samples from
WNNDADR. (See Special Monitoring below.)
The second, third, and fourth quarter 1994 io-
dine-129 values at WNNDADR were marginally
positive, yet they were not significantly higher
than the analytical detection limit. Iodine-129
values obtained from waters collected from the
NDA interceptor trench, closer to the NDA, were
all below the analytical detection limit.(See Ap-
pendix C-1, Table C-1.22.) It should be noted that
while tritium activity in trench waters is higher
than that seen at WNNDADR farther down-
stream, gross beta activity is actually higher
downstream at WNNDADR than in waters from
the interceptor trench. One possible explanation
for this is that while the source of elevated tritium
in the drainage may be the NDA, the major source
of elevated gross beta activity may be contami-
nated soils outside and around the NDA.

Frank’s Creek Sampling Location

At sampling location WNSPQ06 at the Project
security fence more than 4 kilometers from the
nearest public access point, the most significant
beta-emitting radionuclides were measured at
2.36E-08 uCi/mL (0.87 Bg/L) for cesium-137
and 5.30E-08 uCi/mL (1.96 Bg/L) for strontium-
90 during the month of highest concentration.
This corresponds to 0.8 % of the DCG for cesium-
137 and 5.3 % of the DCG for strontium-90. The
annual average concentration of cesium at
WNSP006 was less than 0.5% of the DCG and
the strontium concentration was 3.2% of the
strontium DCG. Tritium, at an annual average of
1.22E-06 pCi/mL (4.51E+01 Bq/L), was 0.06%
of the DCG value. Of the fifty-two samples
collected and analyzed for gross alpha during
1994, five were above the detection limit. The
annual average was less than 6.27E-09 pCi/mL
(2.32E-01 Bq/L) gross alpha or less than 20.9%
of the DCG for americium-241. The eight-year
trends of gross alpha, gross beta, and tritium
concentrations at location WNSP006 are shown
in Figure 2-8. The trend of baseline gross beta
activity seems to be increasing slightly over time
and possibly is related to either increases in direct
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Figure 2-9. Eight-Year Trends of Gross Alpha, Gross Beta, and Tritium Concentrations at
Sampling Location WFFELBR

effluent discharged or to the migration of histori-
cal site contamination. This trend is reflected in
radiological measurements of stream flow during
periods when lagoon 3 is not discharged and there
is less surtace runoff. This trend is not observed
farther downstream at the Felton Bridge sampling
location, the first point of public access.

Standing Pond Water

Four ponds within the retained premises
(WNYNSC) were tested in 1994 and found to be
within the historical range observed at these
locations for gross alpha, gross beta, and tritium.
These results were also compared to a back-
ground sample from a pond 14 kilometers (8.7
mi) north of the Project and were found to be
statistically the same. (See Table C - 1.28.)

Radioactivity Concentrations Off-site:
Surface Water Sampling Locations

Radiological concentration data from off-site sam-
ple points show that average gross beta radioactivity
concentrations generally tend to be higher in But-
termilk Creek below the WVDP site, presumably
because small amounts of radioactivity from the site

enter Buttermilk Creek via Frank’s Creek. This
is particularly observable during periods of la-
goon 3 discharge. Tables 2-3 and 2-4 list the
ranges and annual averages for gross alpha and
gross beta activity at surface water locations.
Additional information is available in Appendix C
tables for all off-site surface monitoring locations.

Thomas Corners Bridge Sampling Location

These data show that concentrations downstream
of the site are only marginally higher than back-
ground concentrations upstream of the site.
Because dairy cattle have access to waters at the
Thomas Corners Bridge sampling point, this sam-
ple point represents a direct pathway to humans.
In actuality, gross beta includes other isotopes
from naturally occurring sources as well as man-
made sources. If the maximum beta concentration
in Buttermilk Creek downstream of the Project at
Thomas Corners Bridge were attributable en-
tirely to strontium-90, then the radioactivity
would represent only 1.5% of the DCG.
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Figure 2-10. Nine-Year Trend of Cesium-137 (uCi/g dry) in Stream Sediment for Two Locations
Upstream and Three Locations Downstream of the WVDP

Cattaraugus Creek at Felton Bridge
Sampling Location

The highest concentrations in monthly composite
water samples from Cattaraugus Creek during
1994 show strontium-90 to be only 0.7% of the
DCG for water. There were no positive detec-
tions of cesium-137 in Cattaraugus Creek during
1994. (See Table C-1.7.) Yearly averages for
Cattaraugus Creek gross beta activity at Felton
Bridge are not significantly higher than back-
ground levels. Figure 2-9 shows the eight-year
trends for Cattaraugus Creek samples analyzed
for gross alpha, gross beta, and tritium. Note that
for the most part, tritium concentrations represent
method detection limits and not actually detected
radioactivity. Gross beta activity appears to have
declined at this location since 1987.

Sediment Sampling

Sediments are grab-sampled semiannually at or
near three of the automatic water sampling locations
and at two additional points. (See Fig. 2-4.) Down-
stream locations are Buttermilk Creek at Thomas
Corners Road (SFTCSED), Cattaraugus Creek at
Felton Bridge (SFCCSED), and Cattaraugus Creek

at the Springville dam (SFSDSED). Upstream
locations are Buttermilk Creek at Fox Valley
Road (SFBCSED) and Cattaraugus Creek at
Bigelow Bridge (SFBISED).

A comparison of annual averaged 1986 to 1994
cesium-137 concentrations for these five sam-
pling locations is illustrated in Figure 2-10. As
reported in previous years, cesium-137 concen-
trations in sediments collected downstream of the
WYVDP are higher than those observed in samples
collected from background locations (SFBCSED
or SFBISED). As the figure indicates, although
the measured cesium-137 concentrations for 1994
generally were higher than previous years’ values
in a number of cases, overall the concentrations
appear to be decreasing or staying constant with
time at the downstream locations. While the
cesium-137 activity in downstream Cattaraugus
Creek sediments (at locations SFCCSED and
SFSDSED) is elevated relative to upstream val-
ues, it is comparable to or less than normal
background concentrations (as measured at
SFGRVAL and SFDNKRK) in surface soil in
Western New York. Use of these sediments in
place of normal soil for farming or residential
applications would result in a lower radiation
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Figure 2-11. Comparison of Cesium-137 with Naturally
Occurring Potassium-40 Concentrations in 1994 at
Downstream Sampling Location SFTCSED

dose or a dose as small as that from the back-
ground cesium deposited by worldwide fallout.
Although the concentration in Buttermilk Creek
(at SFTCSED) below the Nuclear Fuel Services
(NFS) plant site exceeds that of normal soil, these
sediments would qualify for release for unre-
stricted use such as home building it typical
regulatory criteria were applied.

A comparison of cesium-137 to the naturally occur-
ring gamma-emitter potassium-40 (Fig. 2-11) for
the downstream location nearest the Project (But-
termilk Creek at Thomas Corners Road -
SFTCSED) indicates that cesium-137 is present at
levels lower than naturally occurring gamma emit-
ters. Results of sediment sampling upstream and
downstream of the Project are tabulated in Appen-
dix C-1, Table C-1.9. When alpha isotopic results
for background location SFBCSED are compared
to those for SFTCSED, downstream of the site, no
significant differences are observed.

Radioactivity in the Food Chain

Each year food samples are collected from locations
near the site and from remote locations (Fig. 2-12).

from the portion of Cattaraugus
Creek that is downstream of
WNYNSC drainage (BFFCATC).
Ten fish samples are also collected
annually from Cattaraugus Creek
below the dam (BFFCATD), includ-
ing species that migrate nearly forty miles up-
stream from Lake Erie. These specimens are
representative of sport fishing catches in the creek
downstream of the dam at Springville.

Ten control fish are taken semiannually from
waters that are not influenced by site runoff
(BFFCTRL). These control samples, containing
no radioactivity from WVDP effluents, allow
comparisons with the concentrations found in fish
taken from site-influenced waters. The control
samples are representative of the species collected
in Cattaraugus Creek downstream from the
WVDP. A combined total of fifty fish were
collected from the locations described above.
Under a collector’s permit, these fish are obtained
by electrofishing, a method that temporarily stuns
the fish, allowing them to be netted for collection.
This also allows a more varied selection as com-
pared to sport fishing, with unwanted fish being
returned to the creek unharmed.

Radioactivity Concentrations in Fish Samples

The edible portion of each individual fish col-
lected was analyzed for strontium-90 content and
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the gamma-emitting isotopes cesium-134 and ce-
sium-137. (See Table C-3.4 in Appendix C-3 for a
summary of the results.) Throughout the year con-
centrations of strontium-90 ranged from below the
minimum detectable concentration (see Glossary) to
a maximum of 3.40E-07 uCi/g at BFFCATC and
from below the minimum detectable concentration to
1.10E-07 pCi/g at the control location (BFFCTRL).
As discussed in Chapter 4, Radiological Dose
Assessment, strontium-90 has been observed in
marginally higher concentrations than back-
ground in the population of bottom-feeding fish
downstream of the site but above the Springville
dam. Despite this small difference, all down-
stream fish concentrations are still within the
range of Project historical background values.

Although ten fish collected downstream of the site
showed marginal positive detections for cesium-
137, these cesium concentrations were all within
the range of those seen at the background loca-
tion. Two downstream fish samples had positive
detections of cesium-134 but were not statistically
different from concentrations in background fish.

Venison

Specimens from an on-site deer herd also are
analyzed for radioactive components. Histori-
cally, concentrations of radioactivity in deer flesh
have been very low and Project activities have not
been shown to affect the local herd.

Radioactivity Concentrations in Venison

Venison from three deer taken from the area
around the WNYNSC were analyzed and the data
compared with those from deer collected in the
towns of Portville, Portland, and Salamanca,
New York, far from the site. Low levels of
radioactivity were detected for both near-site and
control samples for cesium-137 and naturally
occurring potassium-40. Results for these sam-
ples are shown in Table C-3.2 in Appendix C-3.
Concentrations in near-site deer were at or below
background levels for those radioisotopes in

1994. The range in concentrations observed was
similar to previous years. Neither strontium-90
nor cesium-134 were detected in near-site or
control deer during 1994. Tritium concentrations
in near-site deer were lower or the same as those
found in background deer.

During the 1994 large game hunting season, local
hunters were allowed guided access to the east-
ernmost side ot the WVDP premises in a
controlled hunting program established by
NYSERDA. Five deer were collected during this
pilot program.

Beef

Again in 1994, as in previous years, very little
difference in isotopic concentration has been ob-
served between near-site and control herds. Beef
samples taken semiannually from near-site and
remote locations are analyzed for tritium, stron-
tium-90, and gamma-emitting isotopes such as
cesium-134 and cesium-137.

Radioactivity Concentrations in Beef Samples

In 1994 there was one marginally positive detec-
tion for both cesium-137 and strontium-90 in
beef. In both cases these positive detections were
in control samples. Results for all near-site and
control samples were near or below the minimum
detectable concentrations for tritium and cesium-
134. These results are presented in Table C-3.2
in Appendix C-3.

Milk

Monthly milk samples were taken in 1994 from
dairy farms near the site and from control farms
at some distance from the site. (See Fig. 2-12.)
Besides the quarterly composite of monthly sam-
ples from the maximally exposed herd to the north
(BFMREED), a quarterly composite of milk from
a nearby herd to the northwest (BEMCOBO) also
was prepared. Single annual samples were taken
from herds to the southeast (BFMWIDR) and the
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Electrofishing in Cattaraugus Creek

southwest (BFMHAUR). Monthly samples from
control herds (BFMCTLN and BEMCTLS) were
also prepared as quarterly composites. (See Fig.
A-9 in Appendix A for control sample locations.)

Radioactivity Concentrations in Milk Samples

Each milk sample was analyzed for strontium-90,
iodine-129, gamma-emitting isotopes (cesium-
134 and -137), and tritium. Strontium-90 was
detectable in all near-site and control samples.
The strontium-90 results for near-site milk ranged
from 1.3E-09 to 5.3E-09 pCi/mL (4.8E-02 to
2.0E-01 Bg/L), and the control milk samples
ranged from 1.4E-09 to 3.10E-09 pCi/mL
(5.2E-02 to 1.1E-01 Bg/L). Although the annual
sample collected at near-site location
BFMHAUR is higher than the highest control
sample seen in 1994, it is statistically the same
as the historical background values.

Three control samples and one near-site sample
showed positive values for cesium-137. The posi-

tive detections were
not statistically dit-
ferent. There were
no positive detec-
tions of iodine-129
in any samples in
1994, Results for
tritium analyses
showed only one
marginally positive
result for near-site
locations. The re-
sults of all of these
analyses are shown
inTable C-3.1inA4p-
pendix C-3.

Fruit and
Vegetables

Results from the
analysis of beans,
apples, sweet corn,
and hay collected
during 1994 are presented in Table C-3.3 in
Appendix C-3. Tritium was detected in near-site
corn, bean, and apple samples at levels that were
not significantly higher than historical back-
ground samples.

Positive strontium-90 results were obtained in
green bean and hay samples. Of these positive
results, only the near-site bean sample indicated
strontium at higher concentrations than its back-
ground in 1994. However, this value is statistically
the same as historical background concentrations.

Cesium-137 was detected in near-site hay sam-
ples at concentrations statistically similar to
background.

Cobalt-60 values were at or below minimum
detectable concentrations in all samples collected.
Overall results obtained for 1994 are comparable
to previous years.
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Direct Environmental Radiation
Monitoring

The current monitoring year, 1994, was the ele-
venth full year in which direct penetrating
radiation was monitored at the WVDP using
TLD-700 lithium fluoride (LiF) thermolumines-
cent dosimeters (TLDs). The dosimeters are
processed on-site and are used solely for environ-
mental monitoring. The environmental TLD
package consists of five TLD chips laminated on
a card bearing the location identification and
other information. These cards are placed at each
monitoring location for one calendar quarter
(three months) and are then processed to obtain
the integrated gamma radiation exposure.

Monitoring points are located around the
WNYNSC perimeter and the access road, at the
waste management units, at the site security
fence, and at background locations remote from
the WVDP site. (See Figs. 2-13 and 2-14 and Fig.
A-9 in Appendix A.) The TLDs are numbered in
order of their installation. The monitoring loca-
tions are as follows:

THE PERIMETER OF THE WNYNSC: TLDs #1-16,
#20

THE PERIMETER OF THE WVDP SITE-SECURITY
FENCE: TLDs #24, #26-29, #32-34

ON-SITE SOURCES OR SOLID WASTE MANAGE-
MENT UNITS: TLDs #18 and #32-36 (RTS drum
cell); #18, #19, #33, #42, and #43 (SDA); #24
(component storage, near the WVDP site security
fence); #25 (the maximum measured exposure
rate at the closest point of public access); #38
(main plant and cement solidification system);
#39 (parking lot security fence closest to the
vitrification facility); #40 (high-level waste tank
farm). Locations #42 and #43 were added during
the third calendar quarter of 1994,

TLDs

NEAR-SITE COMMUNITIES: #21

(Springyville); #22 (West Valley)

BACKGROUND: TLDs #17 (Five Points Landfill
in Mansfield); #23 (Great Valley); #37
(Dunkirk); #41 (Sardinia).

The statistical uncertainties of individual results
and averages of those results were acceptable,
and measured exposure rates were comparable to
those of 1993. There was no significant differ-
ence between the pooled quarterly average
background TLDs (#17, #23, #37, and #41) and
the pooled average for the WNYNSC perimeter
locations for the 1994 reporting period.

Appendix C-4 provides a summary of the results
by calendar quarter for each of the environmental
monitoring locations along with averages for
comparison.

The quarterly averages and individual location re-
sults show very slight differences due to seasonal
variation. The data obtained for all four calendar
quarters compared favorably to the respective quar-
terly data in 1993. The quarterly average of the
seventeen WNYNSC perimeter TLDs was 19.2
milliroentgen (mR) per quarter (18.4 mrem/quar-
ter) in 1994.

The perimeter TLD quarterly averages since 1987,
expressed in microroentgen per hour (uR/hr), are
shown in Figure 2-15.

On-site Radiation Monitoring

The dosimeter at location #19 near the SDA
routinely shows radiation exposures slightly
above those seen at WNYNSC perimeter loca-
tions. Locations #25, #29, and #30 on the public
access road west of the facility and #26 at the east
security fence also showed small elevations above
background. Although above background, the
readings are relatively stable from year to year. (See
Appendix C-4, Table C-4.1.)

Location #24 on the north inner facility fence is
a co-location site for one Nuclear Regulatory
Commission (NRC) TLD. (See Appendix D,
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Table D-8.) This point received an average expo-
sure of 0.47 milliroentgens (mR) per hour during
1994, as opposed to 0.48 mR/hr in 1993 and 0.52
mR/hr in 1992, Sealed containers of radioactive
components and debris from the plant decontami-
nation work are stored nearby. The decline in
exposure rate over time is due to radioactive
decay of the materials stored within. The storage
area is well within the WNYNSC boundary and
is not accessible by the public.

Locations around the radwaste treatment storage
(RTS) building — the drum cell — stayed the same
or increased slightly during the 1994 calendar
year. The average dose rate at these locations
(TLDs #18, #32, #33, #34, #35, and #36) was
0.023 mR/hr in 1994, similar to the level ob-
served in 1993. These exposure rates, which are
above background levels, retlect the placement in
the building of drums containing decontaminated
supernatant mixed with cement. The drum cell
and the surrounding TLD locations are well
within the WNYNSC boundary and are not ac-
cessible by the public.

Locations #27, #28, and #31 at the security fence
are at levels near background. These locations are
more distant from radioactive waste storage areas
on-site.

Results for the new locations added in 1994, #42
and #43, are elevated above background locations,
reflecting their positions near waste storage areas.

Perimeter and Off-site Radiation
Monitoring

The perimeter TLDs (TLDs #1-16 and #20) are
located in the sixteen compass sectors around the
facility near the WNYNSC boundary. The quar-
terly averages for these TLDs (Fig. 2-15) indicate
no trends other than normal seasonal fluctuations.
TLDs #17, #21-23, #37, and #41 monitor near-
site. community and background locations. The
results from these monitoring points are essen-
tially the same as the perimeter TLDs. Figure
C-4.1 in Appendix C-4 shows the average quar-
terly exposure rate at each off-site TLD location.
Figure C-4.2 shows the average quarterly expo-
sure rate at each on-site TLD.

20—
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Figure 2-15. Trend of Environmental Radiation Levels (\R/hr)
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Meteorological Monitoring

Meteorological monitoring at the WVDP
provides representative and verifiable data
that characterize the local and regional
climatology of the site. These data are used
primarily to assess potential effects of routine and
nonroutine releases of airborne radioactive
materials and to calculate dispersion models for
any releases that may exceed DOE eftluent limits.

Since dispersive capabilities of the atmosphere
are dependent upon wind speed, wind direction,
and atmospheric stability (which is a function
indicated by the difference in temperature be-
tween the 10-meter and 60-meter elevations),
these parameters are closely monitored and

are available to the emergency response or-
ganization at the WVDP.

The on-site 60-meter meteorological tower
continuously monitors wind speed and wind
direction. (See Fig. 2-1.) Temperatures are
measured at both 60-meter and 10-meter
elevations. In addition, an independent, re-
mote 10-meter meteorological station located
approximately 5 kilometers south of the site
on the top of Dutch Hill Road continuously
monitors wind speed and wind direction.
Dewpoint, precipitation, and barometric
pressure are also monitored at the on-site
meteorological tower location.

The two meteorological locations supply data
to the primary digital and analog data acqui-
sition systems located within the
Environmental Laboratory. On-site systems
are provided with either uninterruptible or
standby power backup in case of site power
failure. Figures C-6.1 and C-6.2 in Appendix
C-6 illustrate 1994 mean wind speed and
wind direction at the 10-meter and 60-meter
elevations. Regional data at the 10-meter
elevation are shown in Figure C-6.3.

Weekly and cumulative total precipitation data
are illustrated in Figures C-6.4 and C-6.5 in
Appendix C-6. Precipitation in 1994 was approxi-
mately 40 inches (2% below the annual average
of 41 inches).

Information such as meteorological system calibra-
tion records, site log books, and analog strip charts
are stored in protected archives. Electronic files
containing meteorological data are copied (down-
loaded) daily and stored off-site. Meteorological
towers and instruments are examined three times
weekly for proper function and are calibrated semi-
annually and/or whenever instrument maintenance
might affect calibration.

Checking Data from the Meteorological Tower
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In 1994 the operational checkout of a new pri-
mary meteorological monitoring tower installed
in 1993 was completed. This new tower was
installed to replace the original 60-meter tower
that had been encroached upon by essential on-
site construction. Data collected during a
six-month period of parallel operations were
evaluated. It was concluded that there were no
significant differences between the two monitor-
ing locations. After this evaluation was
completed, the instruments were removed from
the old tower. The new tower’s computerized
data acquisition system is similar to the old one
but has improved data-reporting features.

Special Monitoring

NRC-licensed Disposal Area (NDA)
Interceptor Trench and Pretreatment
System

adioactively contaminated solvent was first

discovered at the northern boundary of the
NDA in 1983, shortly after the Department of
Energy assumed control of the WVDP site.
Extensive sampling and monitoring through 1989
revealed the possibility that the solvent could
migrate. To contain this subsurface solvent
migration, an interceptor trench and liquid
pretreatment system (LPS) were built.

The trench was designed to intercept and collect
subsurface water, which could be carrying solvent,
in order to prevent the solvent from entering the
surface water drainage ditch leading into Erdman
Brook. The LPS was installed to separate the
solvent from the water and to treat the collected
water before its transfer to the low-level waste
treatment facility. Pretreatment would remove the
solvent and reduce the concentration of iodine-129
in the water. The separated solvent would be stored
for subsequent treatment and disposal.

In 1994 no water containing solvent was encoun-
tered in the trench and no water or solvent has
been treated by the LPS.

It should be noted that although it does not by itself
demonstrate the effectiveness of the interceptor
trench, water containing solvent has never been
detected in groundwater monitoring wells outside
the NDA or in the surface water drainage down-
stream of the NDA. During 1994 a functional
readiness test of the system was performed to
ensure continuing operational readiness. Several
opportunities for improving system performance
were noted. Enhancements are planned for 1995.

Radiological and nonradiological monitoring data
for waters collected from the trench
(WNNDATR) and from the drainage just down-
stream (WNNDADR) have been discussed in this
chapter under the on-site surface water section.
Results of sampling of the NDA monitoring wells
909 and 910 are discussed in Chapter 3, Ground-
water Monitoring.

Survey of Trees near the NDA

During a routine radiation survey by the Radia-
tion and Safety Department in 1992, radioactivity
was detected in several trees located immediately
north of the NDA. The trees were surveyed by
placing a calibrated hand-held detector against
their trunks. Two species of trees, apple and
beech, indicated activity above background. Be-
cause the leaves could be blown off-site by the
wind and the apples could be eaten by the local
deer herd, samples of tree leaves and apples were
collected in late fall 1992 and analyzed for radio-
activity.

Results received in 1993 indicated that the con-
centrations of radionuclides in the apples and
leaves were sufficiently low that there was no
need for action.

Sampling and analysis were repeated in 1994 to
determine if there were any changes in the con-
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ditions of the trees. Radionuclides that are known
site contaminants were measured in leaves and
fruit of several trees just north of the NDA
boundary. The results from the fruit analyses,
when compared to similar off-site samples, show
positive levels of strontium-90 and cesium-137 in
the on-site fruit. The fruit and leaf analyses are
consistent with previous 1993 results: radioactiv-
ity is detectable but remains at concentrations that
do not warrant further action.

Northeast Swamp Drainage Monitoring

Trend analyses of ground- and surface water
monitoring results have indicated increasing
gross beta concentrations in waters discharged
through the northeast swamp drainage, as moni-
tored at sampling points WNDMPNE and
WNSWAMP. Additionally, a series of samples
were collected throughout the north plateau area
using a Geoprobe® unit. This truck-mounted unit
drives a metal rod into the ground to a predeter-
mined depth. Water samples are collected at
desired depths and analyzed for radioactivity.
Results are being evaluated and plotted on a site
map to determine if there are any patterns to the
migration of residual site contamination through
the groundwater. Results of investigations into
these increases are discussed in Chapter 3,
Groundwater Monitoring, Subsurface Investi-
gation of Elevated Gross Beta on the North
Plateau.

Waste Tank Farm Underdrain
Monitoring

Notable increases in gross beta and tritium activ-
ity at location WN8D1DR, attributable to surface
contamination, were described in the 1993 annual
Site Environmental Report. In the past, this loca-
tion received subsurface drainage from the
high-level waste tank farm area and channeled it
to a nearby surtace water drainage. Since July
1993, this collection point has been valved off
(isolated) from the site’s storm drain system and
thus no longer discharges to the surface.

Drum Cell Monitoring

Liquid high-level waste (through supernatant
treatment and sludge wash) processed by the
integrated radwaste treatment system (IRTS) pro-
duced more than 18,000 drums of
cement-solidified waste by the end of 1994 . These
drums are currently being stored aboveground in
the IRTS drum cell.

Most of the gamma radiation emitted from these
drums is shielded by the configuration in which
the drums are stacked. However, some radiation
is emitted through the roof of the drum cell,
which is unshielded. This radiation scatters in air
and adds to the existing naturally occurring
gamma-ray background.

Radiation exposure levels are monitored at vari-
ous locations around the drum cell perimeter and
at the closest location accessible by the public —
approximately 300 meters (984 ft) west at the
security fence at Rock Springs Road. Baseline
measurements had been taken in 1987 and 1988
before the drums were placed. Two types of
measurements were taken: instantaneous, using a
high-pressure ion chamber (HPIC), and cumula-
tive, using thermoluminescent dosimeters.

The strength of the gamma-ray field can vary
considerably from day to day because of changes
in meteorological conditions. TLD measure-
ments provide a more accurate estimate of
long-term changes in the radiation field because
they integrate the radiation exposure over an
entire calendar quarter. Such quarterly readings
show evidence of a seasonal cycle. Background
radiation levels can vary annually depending on
such factors as average temperature, air pressure,
humidity, precipitation (including snow cover on
the ground), and solar activity during a particular
year. The TLD measurements at the Rock
Springs Road location (TLDs #28 and #31) are
presented in Appendix C-4, Table C-4.1.




Nonradiological Monitoring

To assess any increase in the radiation tield at the
security fence at Rock Springs Road from the
drums in the drum cell, HPIC measurements
were compared with earlier studies. HPIC meas-
urements made through mid-1994 indicate that
the exposure rates at this location were only
slightly above those from background readings
obtained at the Environmental Laboratory, which
is located about 500 meters away tfrom the drum
cell. The most recent data also show that exposure
rates at Rock Springs Road are the same as or
only slightly greater than those seen before any
drums were placed in the drum cell.

Closed Landfill Maintenance

Closure of the on-site nonradioactive construc-
tion and demolition debris landtill (CDDL) was
completed in August 1986. The landfill area was
closed in accordance with the New York State
Department of Environmental Conservation
(NYSDEC) requirements for this type of landfill,
following a closure plan (Standish 1985) ap-
proved by NYSDEC. To meet routine
post-closure requirements, the CDDL cover was
inspected in February and September 1994 and
was found to be in proper condition. As required,
adequate drainage is maintained to ensure that no
obvious ponding or soil erosion is occurring and
that the grass planted on the clay and soil cap is
cut. Results of groundwater monitoring in the
area of the closed landfill are presented in Chap-
ter 3, Groundwater Monitoring.

Small Mammal Study

In the summer of 1994 a special study was
conducted to determine the relative population
and gamma-emitting contaminants present in
small mammals (mice, voles, and shrews) around
the Project premises. Traps were set at six loca-
tions: an office trailer complex, the east side of
the main plant facility, the packaged radioactive
materials storage area, the low-level waste treat-
ment lagoon area, the closed landfill area, and an
area on the north side of the NDA.

During twenty-one days in August 1994, 128
mammals were collected in 1,350 trap-nights
(one trap set for one night). The sample popula-
tion consisted mostly of voles (commonly known
as “‘field mice’”) with other mouse and shrew
species represented. The heaviest concentration
of samples was collected near the main plant
facility; not surprisingly, that population also had
the highest number ot samples (twenty-five) con-
taining detectable cesium-137. There was also
positive radionuclide detection in one specimen
trom each of two adjacent areas.

The study suggested that potential contaminant
transport by small mammals is localized in re-
stricted facility areas. Transport by small
mammals was not observed in radioactive waste
management or disposal areas. These mammals
are not in a direct pathway to man and therefore
do not represent a potential dose to humans.

Nonradiological Monitoring

Air Monitoring

onradiological emissions and plant effluents
Nare controlled and permitted under NYSDEC
and U.S. Environmental Protection Agency (EPA)
regulations. The regulations that apply to the
WVDP are listed in Table B-2 in Appendix B. The
individual air permits held by the WVDP are
identified and described in Table B-3.

The nonradiological air permits are for sources
of regulated pollutants that inciude particulates,
ammonia, nitric acid mist and oxides of nitrogen,
and sulfur. However, monitoring of these pa-
rameters currently is not required.

Surface Water Monitoring

Liquid discharges are regulated under the State
Pollutant Discharge Elimination System
(SPDES).
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Nonradiological Monitoring

The WVDP holds a SPDES permit that identifies
the outfalls where liquid effluents are released to
Erdman Brook (Fig. 2-16) and specifies the sam-
pling and analytical requirements for each outfall.
This permit was modified in 1990 to include
additional monitoring requirements at outfall
WNSP001. The WVDP applied for a renewed
SPDES permit in 1992. It was received in early
January 1994 and went into effect on February 1,
1994 with the expanded monitoring requirements
and, in some cases, more stringent discharge
limitations. The permit was again modified in
April and November of 1994,

Three outfalls were identified in the 1994 permit:

e outfall WNSPQO1, discharge from the low-
level waste treatment facility

e outfall WNSPQO7, discharge from the sanitary
and industrial wastewater treatment facility

e outfall WNSP0OS8, groundwater eftluent from
the perimeter of the low-level waste treatment
facility storage lagoons.

The conditions and requirements of the current
SPDES permit are summarized in Table C-5.1 in
Appendix C-5.

Some of the more significant features of the
SPDES permit are the requirements to report
biochemical oxygen demand, iron, and ammonia
data as flow-weighted concentrations and to apply
anet discharge limit for iron. The net limit allows
the Project to account for amounts of iron that are
naturally present in the site’s incoming water.
The flow-weighted limits apply to the sum of the
Project effluents but allow the more dilute efflu-
ents to be factored into the formula for
determining compliance with permit conditions.

The SPDES monitoring data for 1994 are displayed
in Figures C-5.2 through C-5.52 in Appendix C-5.
The WVDP reported eighteen noncompliance epi-
sodes in 1994 (Table C-5.2). See the

Environmental Compliance Summary: Calendar
Year 1994.

Semiannual grab samples at locations WNSP0O06
(Frank’s Creek at the security fence), WNSWAMP

- (northeast swamp drainage), WNSW74A (north

swamp drainage), and WFBCBKG (Buttermilk
Creek at Fox Valley) were taken in 1994. These
samples are screened for organic constituents and
selected anions, cations, and metals. Results of
these measurements for all of these locations are
found in Table C-1.11 in Appendix C-1.

Appendix C-1, Tables C-1.22 and C-1.23 present
NPOC (nonpurgeable organic carbon), TOX,
and pH data for two locations that help monitor
the NDA, WNNDADR and WNNDATR. When
NPOC and TOX values at both locations are
compared, the data suggest that even with mod-
erate fluctuation there is little if any significant
difference.

Drinking Water Monitoring

As a result of changes in EPA and New York
State monitoring requirements, a number of im-
portant drinking water monitoring activities were
carried out at the site in 1994. (See Safe Drinking
Water Act in the Environmental Compliance
Summary: Calendar Year 1994.) Included was
the sampling of the site drinking water for copper
and lead concentrations. Additionally, samples
were collected to be analyzed for nitrate and
nitrite concentration. This sampling activity will
be repeated annually as part of the site’s drinking
water monitoring effort.
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.
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DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p

Units of Measure -2
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DOE-WVPO
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NRC - Region 1
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NYSDEC - Albany

NYSDEC - Albany
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NYSDOH - Buffalo
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.



Glossaz

DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.



Glossaz

DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p

Units of Measure -2



M, Stahr
T. McIntosh
H. Walter

J. Barry
B. Bowhan

E. Chew
P. Hamric
J. Solecki

W. Bixby
D. Hurt

M. Austin
J.Roth

P. Counterman

P. Merges
E. Belmore
P, Eismann
M. Jackson
J. McGarry
R. Mitrey
T. Moore

B. Ignatz
K. Rimawi

DOE-HQ
DOE-HQ
DOE-HQ

DOE-ID
DOE-ID
DOE-ID
DOE -ID
DOE-ID

DOE-WVPO

NRC-HQ
NRC - Region 1
NRC - Region 1

NYSDEC - Albany

NYSDEC - Albany

NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9

NYSDOH - Buffalo
NYSDOH - Albany

* News release summary

T. DeBoer NYSERDA

S. Harbison NYSERDA

T. Sonntag NYSERDA

R. Fakundiny NYSGS

F. Galpin USEPA - Washington, D.C.

P. Giardina USEPA - Region 2

J. Gorman USEPA - Region 2

R. Novitski USGS

A. Stevens SNIHD

C. Halgas CCHD

W. Paxon U.S. Congressman, 31st Dist.

A. Houghton U.S. Congressman, 34th Dist.

D. Moynihan U.S. Senator, New York

A. D’Amato U.S. Senator, New York

J. Present New York Senator, 56th Dist.

P. McGee New York Assemblyman
149th Dist.

Concord Public Library

Distribution

Springville, New York

Community Relations, WVNS(Technical File)

Buffalo News, Buffalo, New York *

Salamanca Republican Press,
Salamanca, New York *

Springville Journal, Springville, New York *
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quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
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Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.
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DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.

Glossary - 4



Glossaﬂ

RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p

Units of Measure -2



M, Stahr
T. McIntosh
H. Walter

J. Barry
B. Bowhan

E. Chew
P. Hamric
J. Solecki

W. Bixby
D. Hurt

M. Austin
J.Roth

P. Counterman

P. Merges
E. Belmore
P, Eismann
M. Jackson
J. McGarry
R. Mitrey
T. Moore

B. Ignatz
K. Rimawi

DOE-HQ
DOE-HQ
DOE-HQ

DOE-ID
DOE-ID
DOE-ID
DOE -ID
DOE-ID

DOE-WVPO

NRC-HQ
NRC - Region 1
NRC - Region 1

NYSDEC - Albany

NYSDEC - Albany

NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9

NYSDOH - Buffalo
NYSDOH - Albany

* News release summary

T. DeBoer NYSERDA

S. Harbison NYSERDA

T. Sonntag NYSERDA

R. Fakundiny NYSGS

F. Galpin USEPA - Washington, D.C.

P. Giardina USEPA - Region 2

J. Gorman USEPA - Region 2

R. Novitski USGS

A. Stevens SNIHD

C. Halgas CCHD

W. Paxon U.S. Congressman, 31st Dist.

A. Houghton U.S. Congressman, 34th Dist.

D. Moynihan U.S. Senator, New York

A. D’Amato U.S. Senator, New York

J. Present New York Senator, 56th Dist.

P. McGee New York Assemblyman
149th Dist.

Concord Public Library

Distribution

Springville, New York

Community Relations, WVNS(Technical File)

Buffalo News, Buffalo, New York *

Salamanca Republican Press,
Salamanca, New York *

Springville Journal, Springville, New York *
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.
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DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p

Units of Measure -2
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H. Walter
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DOE-HQ
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DOE-ID
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DOE-WVPO
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NYSDEC - Albany

NYSDEC - Albany
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.



Glossaz

DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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Glossary

1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.



Glossaz

DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.



Glossaz

DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p

Units of Measure -2



M, Stahr
T. McIntosh
H. Walter

J. Barry
B. Bowhan

E. Chew
P. Hamric
J. Solecki

W. Bixby
D. Hurt

M. Austin
J.Roth

P. Counterman

P. Merges
E. Belmore
P, Eismann
M. Jackson
J. McGarry
R. Mitrey
T. Moore

B. Ignatz
K. Rimawi

DOE-HQ
DOE-HQ
DOE-HQ

DOE-ID
DOE-ID
DOE-ID
DOE -ID
DOE-ID

DOE-WVPO

NRC-HQ
NRC - Region 1
NRC - Region 1

NYSDEC - Albany

NYSDEC - Albany

NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9

NYSDOH - Buffalo
NYSDOH - Albany

* News release summary

T. DeBoer NYSERDA

S. Harbison NYSERDA

T. Sonntag NYSERDA

R. Fakundiny NYSGS

F. Galpin USEPA - Washington, D.C.

P. Giardina USEPA - Region 2

J. Gorman USEPA - Region 2

R. Novitski USGS

A. Stevens SNIHD

C. Halgas CCHD

W. Paxon U.S. Congressman, 31st Dist.

A. Houghton U.S. Congressman, 34th Dist.

D. Moynihan U.S. Senator, New York

A. D’Amato U.S. Senator, New York

J. Present New York Senator, 56th Dist.

P. McGee New York Assemblyman
149th Dist.

Concord Public Library

Distribution

Springville, New York

Community Relations, WVNS(Technical File)

Buffalo News, Buffalo, New York *

Salamanca Republican Press,
Salamanca, New York *

Springville Journal, Springville, New York *
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ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.
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at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
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COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.
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per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p

Units of Measure -2



M, Stahr
T. McIntosh
H. Walter

J. Barry
B. Bowhan

E. Chew
P. Hamric
J. Solecki

W. Bixby
D. Hurt

M. Austin
J.Roth

P. Counterman

P. Merges
E. Belmore
P, Eismann
M. Jackson
J. McGarry
R. Mitrey
T. Moore

B. Ignatz
K. Rimawi

DOE-HQ
DOE-HQ
DOE-HQ

DOE-ID
DOE-ID
DOE-ID
DOE -ID
DOE-ID

DOE-WVPO

NRC-HQ
NRC - Region 1
NRC - Region 1

NYSDEC - Albany

NYSDEC - Albany

NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9

NYSDOH - Buffalo
NYSDOH - Albany

* News release summary

T. DeBoer NYSERDA

S. Harbison NYSERDA

T. Sonntag NYSERDA

R. Fakundiny NYSGS

F. Galpin USEPA - Washington, D.C.

P. Giardina USEPA - Region 2

J. Gorman USEPA - Region 2

R. Novitski USGS

A. Stevens SNIHD

C. Halgas CCHD

W. Paxon U.S. Congressman, 31st Dist.

A. Houghton U.S. Congressman, 34th Dist.

D. Moynihan U.S. Senator, New York

A. D’Amato U.S. Senator, New York

J. Present New York Senator, 56th Dist.

P. McGee New York Assemblyman
149th Dist.

Concord Public Library

Distribution

Springville, New York

Community Relations, WVNS(Technical File)

Buffalo News, Buffalo, New York *

Salamanca Republican Press,
Salamanca, New York *

Springville Journal, Springville, New York *
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.
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DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p

Units of Measure -2
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.



Glossaz

DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.



Glossaz

DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.

Glossary - 2
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p

Units of Measure -2



M, Stahr
T. McIntosh
H. Walter

J. Barry
B. Bowhan

E. Chew
P. Hamric
J. Solecki

W. Bixby
D. Hurt

M. Austin
J.Roth

P. Counterman

P. Merges
E. Belmore
P, Eismann
M. Jackson
J. McGarry
R. Mitrey
T. Moore

B. Ignatz
K. Rimawi

DOE-HQ
DOE-HQ
DOE-HQ

DOE-ID
DOE-ID
DOE-ID
DOE -ID
DOE-ID

DOE-WVPO

NRC-HQ
NRC - Region 1
NRC - Region 1

NYSDEC - Albany

NYSDEC - Albany

NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9

NYSDOH - Buffalo
NYSDOH - Albany
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.



Glossaz

DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p

Units of Measure -2



M, Stahr
T. McIntosh
H. Walter

J. Barry
B. Bowhan

E. Chew
P. Hamric
J. Solecki

W. Bixby
D. Hurt

M. Austin
J.Roth

P. Counterman

P. Merges
E. Belmore
P, Eismann
M. Jackson
J. McGarry
R. Mitrey
T. Moore

B. Ignatz
K. Rimawi

DOE-HQ
DOE-HQ
DOE-HQ

DOE-ID
DOE-ID
DOE-ID
DOE -ID
DOE-ID

DOE-WVPO

NRC-HQ
NRC - Region 1
NRC - Region 1

NYSDEC - Albany

NYSDEC - Albany

NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9

NYSDOH - Buffalo
NYSDOH - Albany

* News release summary

T. DeBoer NYSERDA

S. Harbison NYSERDA

T. Sonntag NYSERDA

R. Fakundiny NYSGS

F. Galpin USEPA - Washington, D.C.

P. Giardina USEPA - Region 2

J. Gorman USEPA - Region 2

R. Novitski USGS

A. Stevens SNIHD

C. Halgas CCHD

W. Paxon U.S. Congressman, 31st Dist.

A. Houghton U.S. Congressman, 34th Dist.

D. Moynihan U.S. Senator, New York

A. D’Amato U.S. Senator, New York

J. Present New York Senator, 56th Dist.

P. McGee New York Assemblyman
149th Dist.

Concord Public Library

Distribution

Springville, New York

Community Relations, WVNS(Technical File)

Buffalo News, Buffalo, New York *

Salamanca Republican Press,
Salamanca, New York *

Springville Journal, Springville, New York *
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.
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DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p

Units of Measure -2



M, Stahr
T. McIntosh
H. Walter

J. Barry
B. Bowhan

E. Chew
P. Hamric
J. Solecki

W. Bixby
D. Hurt

M. Austin
J.Roth

P. Counterman

P. Merges
E. Belmore
P, Eismann
M. Jackson
J. McGarry
R. Mitrey
T. Moore

B. Ignatz
K. Rimawi

DOE-HQ
DOE-HQ
DOE-HQ

DOE-ID
DOE-ID
DOE-ID
DOE -ID
DOE-ID

DOE-WVPO

NRC-HQ
NRC - Region 1
NRC - Region 1

NYSDEC - Albany

NYSDEC - Albany

NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9

NYSDOH - Buffalo
NYSDOH - Albany

* News release summary

T. DeBoer NYSERDA

S. Harbison NYSERDA

T. Sonntag NYSERDA

R. Fakundiny NYSGS

F. Galpin USEPA - Washington, D.C.

P. Giardina USEPA - Region 2

J. Gorman USEPA - Region 2

R. Novitski USGS

A. Stevens SNIHD

C. Halgas CCHD

W. Paxon U.S. Congressman, 31st Dist.

A. Houghton U.S. Congressman, 34th Dist.

D. Moynihan U.S. Senator, New York

A. D’Amato U.S. Senator, New York

J. Present New York Senator, 56th Dist.

P. McGee New York Assemblyman
149th Dist.

Concord Public Library

Distribution

Springville, New York

Community Relations, WVNS(Technical File)

Buffalo News, Buffalo, New York *

Salamanca Republican Press,
Salamanca, New York *

Springville Journal, Springville, New York *
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.



Glossaz

DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p

Units of Measure -2
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DOE-WVPO
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NYSDEC - Albany

NYSDEC - Albany
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NYSDOH - Buffalo
NYSDOH - Albany
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.



Glossaz

DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.
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1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p
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Glossary

ALLUVIUM,. Sedimentary material deposited by flowing water such as a river.

ALLUVIAL FAN. A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain.

AQUIFER. A water-bearing unit of permeable rock or soil that will yield water in usable
quantities to wells. Confined aquifers are bounded above and below by less permeable layers.
Groundwater in a confined aquifer is under a pressure greater than the atmospheric pressure.
Unconfined aquifers are bounded below by less permeable material, but are not bounded
above. The pressure on the groundwater in an unconfined aquifer at the top of the aquifer is
equal to that of the atmosphere.

AQUITARD. A relatively impervious and semiconfining geologic formation that transmits water
at a very slow rate compared to an aquifer.

BACKGROUND RADIATION. Includes both natural and manmade radiation such as cosmic
radiation and radiation from naturally radioactive elements and from commercial sources and
medical procedures.

BECQUEREL (BQ). A unit of radioactivity equal to one nuclear transformation per second.

CLASS A, B, AND C LOW-LEVEL WASTE. Waste classifications from the Nuclear Regulatory
Commission’s 10 CFR Part 61 rule. Maximum concentration limits are set for specific isotopes.
Class A waste disposal is minimally restricted with respect to the form of the waste. Class B
waste must meet more rigorous requirements to ensure physical stability after disposal.
Greater concentration limits are set for the same isotopes in Class C Waste and it also must
meet physical stability requirements. Moreover, special measures must be taken at the dis-
posal facility to protect against inadvertent intrusion.

CONFIDENCE COEFFICIENT OR FACTOR. The chance or probability, usually expressed as a
percentage, that a confidence interval includes some defined parameter of a population. The
confidence coefficients usually associated with confidence intervals are 90%, 95%, and 99%.

COSMIC RADIATION. High-energy subatomic particles from outer space that bombard the
earth’s atmosphere. Cosmic radiation is part of natural background radiation.

COUNTING ERROR. The variability caused by the inherent random nature of radioactive
disintegration and the detection process.

CURIE(CY). A unit of radioactivity equal to 37 billion (3.7 x 1010)nuclear transformations per
second.

DETECTION LEVEL. The minimum concentration of a substance that can be measured with a
99% confidence that the analytical concentration is greater than zero.



Glossaz

DERIVED CONCENTRATION GUIDE (DCG). Concentrations of radionuclides in air and water in
which a person continuously exposed and inhaling 8400 m® of air or ingesting 730 liters of water
per year would receive an annual effective dose equivalent of 100 mrem per year from either
mode of exposure. The committed dose equivalent is included in the DCGs for radionuclides
with long half-lives. (See Appendix B)

DISPERSION. The process whereby solutes are spread or mixed as they are transported by
groundwater as it moves through sediments.

DOSIMETER. A portable device for measuring the total accumulated exposure to ionizing
radiation.

DOWNGRADIENT. The direction of water flow from a reference point to a selected point of
interest. (See GRADIENT)

EFFECTIVE DOSE. See “Effective Dose Equivalent” under “Radiation dose.”

EFFLUENT. Flowing out or forth; an outflow of waste. In this report, effluent refers to the liquid
or gaseous waste streams released into the environment from the facility. ’

EFFLUENT MONITORING. Sampling or measuring specific liquid or gaseous effluent streams for
the presence of pollutants.

EXPOSURE. Subjecting a target (usually living tissue) to radiation.

FALLOUT. Radioactive materials mixed into the earth’s atmosphere. Fallout constantly
precipitates onto the earth.

GRADIENT. Change in value of one variable with respect to another variable, especially vertical
or horizontal distance, e.g., gravity, temperature, magnetic intensity, electric potential.

GROUNDWATER. Subsurface water in the pore spaces of soil and geologic units.

HALF-LIFE. The time in which half the atoms of a radionuclide disintegrate into another nuclear
form. The half-life may vary from a fraction of a second to thousands of years.

HIGH-LEVEL WASTE (HLW). The highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing
and any solid waste derived from the liquid, that contains a combination of transuranic waste
and fission products in concentrations sufficient to require permanent isolation.

HYDRAULIC CONDUCTIVITY. The ratio of flow velocity to driving force for viscous flow under
saturated conditions of a specified liquid in a porous medium; the ratio describing the rate at
which water can move through a permeable medium.

ION. An atom or group of atoms with an electric charge.

ION EXCHANGE. The reversible exchange of ions contained in a crystal for different ions in
solution without destroying the crystal structure or disturbing the electrical neutrality.

Glossary - 2



Glossary

1SOTOPE. Different forms of the same chemical element that are distinguished by having
different numbers of neutrons in the nucleus. An element can have many isotopes. For
example, the three isotopes of hydrogen are protium, deuterium, and tritium,

KAME DELTA. A conical hill or short irregular ridge of gravel or sand deposited in contact with
glacier ice.

LACUSTRINE SEDIMENTS. A sedimentary deposit consisting of material pertaining to, produced
by, or formed in a lake or lakes.

LEACHED HULLS. Stainless steel cladding that remains after acid dissolution of spent fuel.

LOW-LEVEL WASTE. Radioactive waste not classified as high-level waste, transuranic waste,
spent fuel, or uranium mill tailings. (See Class A,B,C low-level waste).

MAXIMALLY EXPOSED INDIVIDUAL. A hypothetical person who remains in an uncontrolled area
who would, when all potential routes of exposure from a facility’s operations are considered,
receive the greatest possible dose equivalent.

MEAN. The average value of a series of measurements.

MILLIREM (MREM). A unit of radiation dose equivalent that is equal to one one-thousandth of
arem. An individual member of the public can receive up to 500 millirems per year according
to DOE standards. This limit does not include radiation received for medical treatment or the

100 to 360 mrem that people receive annually from background radiation.

MINIMUM DETECTABLE CONCENTRATION. The smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reliably detected in a sample.

MIXED WASTE. A waste that is both radioactive and hazardous.

OUTFALL. The end of a drain or pipe that carries waste water or other effluents into a ditch,
pond, or river.

PARTICULATES. Solid particles and liquid droplets small enough to become airborne.
PERSON-REM. The sum of the individual radiation dose equivalents received by members of a
certain group or population. It may be calculated by multiplying the average dose per person
by the number of persons exposed. For example, a thousand people each exposed to one
millirem would have a collective dose of one person-rem.

PLUME. The distribution of a pollutant in air or water after being released from a source.

PROGLACIAL LAKE. A lake occupying a basin in front of a glacier; generally in direct contact
with the ice.

RAD. Radiation absorbed dose. One hundred ergs of energy absorbed per gram.
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RADIATION. The process of emitting energy in the form of rays or particles that are thrown off
by disintegrating atoms. The rays or particles emitted may consist of alpha, beta, or gamma
radiation.

ALPHA RADIATION. The least penetrating type of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

BETA RADIATION. Electron emitted from a nucleus during fission and nuclear decay. Beta
radiation can be stopped by an inch of wood or a thin sheet of aluminum.

GAMMA RADIATION. A form of electromagnetic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same as x-rays and require heavy shielding such
as lead, concrete, or steel to be stopped.

INTERNAL RADIATION. Radiation originating from a source within the body as a result of
the inhalation, ingestion, or implantation of natural or manmade radionuclides in body
tissues.

RADIATION DOSE.

ABSORBED DOSE. The amount of energy deposited by radiation in a given amount of
material. Absorbed dose is measured in rads.

COLLECTIVE DOSE EQUIVALENT. The sum of the dose equivalents for individuals compris-
ing a defined population. The per capita dose equivalent is the quotient of the collective
dose equivalent divided by the population size. (See PERSON-REM).

COMMITTED DOSE EQUIVALENT {dose commitment). The total dose equivalent accumu-
lated in an organ or tissue in the fifty years following a single intake of radioactive
materials into the body.

CUMULATIVE DOSE EQUIVALENT. The total dose one could receive in a period of fifty years
following release of radionuclides to the environment, including the dose that could occur
as a result of residual radionuclides remaining in the environment beyond the year of
release.

DOSE EQUIVALENT. The product of the absorbed dose, the guality factor, and any other
modifying factors. The dose equivalent is a quantity for comparing the biological effec-
tiveness of different kinds of radiation on a common scale. The unit of dose equivalent is
the rem.

EFFECTIVE DOSE EQUIVALENT. An estimate of the total risk of potential health effects from
radiation exposure. It is the sum of the committed effective dose equivalent from internal
deposition and the effective dose equivalent from external penetrating radiation received
during a calendar year. The committed effective dose equivalent is the sum of the
individual organ committed dose equivalents (fifty years) multiplied by weighting factors
that represent the proportion of the total random risk that each organ would receive from
uniform irradiation of the whole body.
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RADIOACTIVITY. A property possessed by some elements such as uranium whereby alpha, beta,
or gamma rays are spontaneously emitted.

RADIOISOTOPE. A radioactive isotope of a specified element. Carbon-14 is a radioisotope of
carbon. Tritium is a radioisotope of hydrogen.

RADIONUCLIDE. A radioactive nuclide. Radionuclides are variations (isotopes) of elements.
They have the same number of protons and electrons but different numbers of neutrons,
resulting in different atomic masses.There are several hundred known nuclides, both man-
made and naturally occurring.

REM. An acronym for Roentgen Equivalent Man. A unit of radiation exposure that indicates
the potential effect on human cells.

SIEVERT. A unit of dose equivalent from the International System of Units equal to one joule
per kilogram.

SPENT FUEL Nuclear fuel that has been exposed in a nuclear reactor; this fuel contains
uranium, activation products, fission products, and plutonium. )

STANDARD DEVIATION. An indication of the dispersion of a set of results around their average.
THERMOLUMINESCENT DOSIMETER (TLD). A material that luminesces upon heating after being
exposed to radiation. The amount of light emitted is proportional to the amount of radiation
to which it has been exposed.

UPGRADIENT. Referring to the flow of water or air, it is analogous to upstream. A point that is
“before” an area of study that is used as a baseline for comparison with downstream data. See
GRADIENT and DOWNGRADIENT.

WATERSHED. The area contained within a drainage divide above a specified point on a stream.

WATER TABLE. The upper surface in a body of groundwater. The surface in an unconfined
aquifer or confining bed at which the pore water pressure is equal to atmospheric pressure.

WHOLE-BODY DOSE. A radiation dose that involves exposure of the entire body.
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Abbreviations for Units of Measure

Symbol Name Symbol Name
Radioactivity Ci curie Volume cm® cubic centimeter
mCi millicurie (1E-03 Ci) L liter
#Ci microcurie (1E-06 Ci) mL milliliter
nCi nanocurie (1E-09 Ci) m’ cubic meter
pCi picocurie (1E-12 Ci) ppm parts per million
fCi femtocurie (1E-15Ci) ppb parts per billion
aCi attocurie (1E-18 Ci)
Bgq becquerel (27 pCi)
Symbol Name ' Symbol Name
Dose Sv sievert (100 rems) Time ?i ﬁi@r
Gy gray (100 rads) h hour
m minute
s second

Symbol Name

Symbol Name

Length m meter Area ha hectare (10,000 m?)
km kilometer (1E +03 m)
cm centimeter (1E-02 m)
mir millimeter (1E-03 m)
um micrometer (1E-06 m)
Symbol Name
Mass g gram
kg kilogram (1E+03 g)
mg milligram (1E-03)
ug microgram(1E-06 g)
ng nanogram (1E-09 g)
t metric ton (103 kg)

Units of Measure - 1



Multiply
in.

ft

" mi

Ib

lig. gt.
ft?

ha

miZ

f®

dpm

nCi
pCi/L
pCi/m3
becquerel
gray
sievert
ppb

ppm

2.54
0.305
1.61
0.454
0.946
0.093
2.47
2.59
0.028
0.450
1000
1E-09
1E-12
2.7E-11
100
100
0.001
10

Factor

1E +09
1E + 06
1E+03
1E-02
1E-03
1E-06
1E-09
1E-12

" Conversion Table

10 obtain Multiply by 10 obtain
cm cm 0.394 in.
m m 3.28 ft.
km km 0.621 mi
kg kg 2.205 b
L L 1.057 lig. gt.
m? m? 10.76 fit?
acres acres 0.405 ha
km? km? 0.386 mi?
m’ m’ 35.7 fe®
pCi pCi 2.22 dpm
pCi pCi 0.001 nCi
#Ci/mL #Ci/mL 1E+09 pCi/L
Ci/m> Ci/m> 1E+12 pCi/m’
curie curie 37E+10 becquerel
rad rad 0.01 gray
rem rem 0.01 sievert
ppm ppm 1000 ppb
mg/L mg/L 1.0 ppm
Unit Prefixes
giga G
mega M
kilo k
centi c
milli m
micro b
nanc n
pico p

Units of Measure -2



M, Stahr
T. McIntosh
H. Walter

J. Barry
B. Bowhan

E. Chew
P. Hamric
J. Solecki

W. Bixby
D. Hurt

M. Austin
J.Roth

P. Counterman

P. Merges
E. Belmore
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M. Jackson
J. McGarry
R. Mitrey
T. Moore

B. Ignatz
K. Rimawi

DOE-HQ
DOE-HQ
DOE-HQ
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DOE-ID
DOE-ID
DOE -ID
DOE-ID

DOE-WVPO

NRC-HQ
NRC - Region 1
NRC - Region 1

NYSDEC - Albany

NYSDEC - Albany

NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
NYSDEC - Region 9
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NYSDOH - Albany

* News release summary

T. DeBoer NYSERDA

S. Harbison NYSERDA

T. Sonntag NYSERDA

R. Fakundiny NYSGS

F. Galpin USEPA - Washington, D.C.

P. Giardina USEPA - Region 2

J. Gorman USEPA - Region 2

R. Novitski USGS

A. Stevens SNIHD

C. Halgas CCHD

W. Paxon U.S. Congressman, 31st Dist.

A. Houghton U.S. Congressman, 34th Dist.

D. Moynihan U.S. Senator, New York

A. D’Amato U.S. Senator, New York

J. Present New York Senator, 56th Dist.

P. McGee New York Assemblyman
149th Dist.

Concord Public Library

Distribution

Springville, New York
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