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EXECUTIVE SUMMARY

ENTERGY NUCLEAR
' . PILGRIM NUCLEAR POWER STATION
ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT
JANUARY 01 THROUGH DECEMBER 31, 2013

INTRODUCTION

This report summarizes the results of the Entergy Nuclear Radiological Environmental Monitoring
Program (REMP) conducted in the vicinity of Pilgrim Nuclear Power Station (PNPS) during the period
from January 1 to December 31, 2013. This document has been prepared in accordance with the
requirements of PNPS Technical Specifications section 5.6.2.

The REMP has been established to monitor the radiation and radioactivity released to the
environment as a result of Pilgrim Station's operation. This program, initiated in August 1968,
includes the collection, analysis, and evaluation of radiological data in order to assess the impact of
Pilgrim Station on the environment and on the general public.

SAMPLING AND ANALYSIS

The environmental sampling media collected in the vicinity of PNPS and at distant locations include
air particulate filters, charcoal cartridges, animal forage, vegetation, cranberries, seawater, sediment,
Irish moss, shellf sh, American lobster, and fishes.

During 2013, there were 1,230 samples collected from the atmospheric, aquatic, and terrestrial
environments. In addition, 431 exposure measurements were obtained using environmental
thermoluminescent dosimeters (TLDs).

A small number of inadvertent issues were encountered during 2013 in the collection of
environmental samples in accordance with the PNPS Offsite Dose Calculation Manual (ODCM). -
Nine out of 440 TLDs were unaccounted for during the quarterly retrieval process. However, the 431
_ TLDs that were collected provided the information necessary to assess ambient radiation levels in

the vrcrnrty of Pilgrim Station. Equipment failures and power outages resulted in a small number of
" instances in which lower than normal volumes were collected at the airborne sampling stations. In
some cases, outages were of sufficient duration to yield no sample, and 563 of 572 air particulate
and charcoal cartridges were collected and analyzed as required. = A full description of any
discrepancies encountered with the environmental monitoring program is presented in Appendix D of
this report .

There were 1,286 analyses performed on the environmental media samples. Analyses were
performed by the J.A. Fitzpatrick Environmental Laboratory in Fulton, New York. Samples were
analyzed as required by the PNPS ODCM.

LAND USE CENSUS

- The annual land use census in the vicinity of Pilgrim Station was conducted as required by the
PNPS ODCM between September 09 and September 20, 2013. A total of 30 vegetable gardens
having an area of more than 500 square feet were identified within five kilometers (three miles) of
PNPS. No new milk or meat animals were located during the census. Of the 30 garden locations
identified, samples were collected at or near three of the gardens as part of the environmental
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monitoring program. Other samples of natural vegetation were also collected in predicted high-
deposition areas.

RADIOLOGICAL IMPACT TO THE ENVIRONMENT

During 2013, samples (except charcoal cartridges) collected as part of the REMP at Pilgrim Station-
continued to contain detectable amounts of naturally-occurring and man-made radioactive materials.
No samples indicated any detectable radioactivity attributable to Pilgrim Station operations. Offsite
ambient radiation measurements using environmental TLDs beyond the site boundary ranged
between 40 and 76 milliRoentgens per year. The range of ambient radiation levels observed with
the TLDs is consistent with natural background radiation levels for Massachusetts.

| RADIOLOGICAL IMPACT TO THE GENERAL PUBLIC

During 2013, radiation doses to the general public as a result of Pilgrim Station's operation-
continued to be well below the federal limits and much less than the collective dose due to other
sources of man- made (e.g., X-rays, medical, fallout) and naturally-occurring (e.g., cosmic, radon)
radiation.

The calculated total body dose. to the maximally exposed member of the general public from
radioactive effluents and ambient radiation resuiting from PNPS operations for 2013 was about 0.9
mrem for the year. This conservative estimate is well below the EPA's annual dose limit to any
member of the general public and is a fraction of a percent of the typical dose received from natural
and man-made radiation.

CONCLUSIONS

The 2013 Radiological Environmental Monitoring Program for Pilgrim -Station resulted in the
collection and analysis of hundreds of environmental samples and measurements. The data
obtained were used to determlne the impact of Pilgrim Station's operation on the enwronment and
on the general public. .

An evaluation of direct radiation measurements, environmental sample analyses, and dose
calculations showed that all applicable federal criteria were met. Furthermore, radiation levels and
resulting doses were a small fraction of those that are normally present due to natural and man-
made background radlatlon :

Based on this information, there is no significant radiological impact on the environment or on the
general public due to Pilgrim Station’s operation.
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1.0 ° INTRODUCTION

The Radiological Environmental Monitoring Program for 2013 performed by Entergy Nuclear
Company for Pilgrim Nuclear Power Station (PNPS) is discussed in this report. Since the operation
of a nuclear power plant results in the release of small amounts of radioactivity and low levels of
radiation, the Nuclear Regulatory Commission (NRC) requires a program to be established to
monitor radiation and radioactivity in the environment (Reference 1). This report, which is required to
be published annually by Pilgrim Station's Technical Specifications section 5.6.2, summarizes the
results of measurements of radiation and radioactivity in the environment in the vicinity of the Pilgrim
Station and at distant locations during the period January 1 to December 31, 2013.

The Radiological Environmental Monitoring Program consists ‘of taking radiation measurements and
collecting samples from the environment, analyzing them for radioactivity content, and interpreting
the results. With emphasis on the critical radiation exposure pathways to humans, samples from the
aquatic, atmospheric, and terrestrial environments are collected. These samples include, but are not
limited to: air, animal forage, vegetation, cranberries, seawater, sediment, Irish moss, shellfish,
American lobster, and fish. Themmoluminescent dosimeters (TLDs) are placed in the environment to
measure gamma radiation levels. The TLDs are processed and the environmental samples are
analyzed to measure the very low levels of radiation and radioactivity present in the environment as
a result of PNPS operation and other natural and man-made sources. These results are reviewed
by PNPS's Chemistry staff and have been reported semiannually or annually to the Nuclear
Regulatory Commission and others since 1972.

In order to more fully understand how a nuclear power plant impacts humans and the environment,
background information on radiation and radioactivity, natural. and man-made sources of radiation,
reactor operations, radioactive effluent controls, and radiological impact on humans is provided. Itis
believed that this information will assist the reader in understanding the radiological impact on the
environment and humans from the operation of Pilgrim Station.

1.1 . Radiation and Radioactivity

All matter is made of atoms. An atom is the smallest part into which matter can be broken down and
still maintain all its chemical properties. Nuclear radiation is energy, in the form of waves or particles
that is given off by unstable, radioactive atoms.

Radioactive material exists naturally and has always been a part of our environment. The earth's
crust, for example, contains radioactive uranium, radium, thorium, and potassium. Some
radioactivity is a result of nuclear weapons testing. Examples of radioactive fallout that is normally
present in-environmental samples are cesium-137 and strontium-80. Some examples of radioactive
materials released from a nuclear power plant are cesium-137, iodine-131, strontium-90, and cobait-
60.

Radiation is measured in units of millirem, much like temperature is measured in degrees. A millirem
is a measure of the biological effect of the energy deposited in tissue. The natural and man-made
radiation dose received in one year by the average American is about 620 mrem (References 2, 3
4).

Radioactivity is measured in curies. A curie is that amount of radioactive material needed to produce
37,000,000,000 .nuclear disintegrations per second. This is an extremely large amount of
radioactivity in comparison to environmental radioactivity. That is why radioactivity in the
environment is measured in picocuries. One picocurie is equal to one trillionth of a curie. :
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1.2 Sources of Radiation

As mentioned previously, naturally occurring r_adioaétivity has always been -a part of our
environment. Table 1.2-1 shows the sources and doses of radiation from natural and man-made

sources.

Table 1.2-1
Radiation Sources and Comresponding Doses "
NATURAL MAN-MADE

Radiation Dose Radiation Dose

Source | (millirem/year) Source (millirem/year)
Internal, inhalation® 230 Medical® 300
External, space 30 Consumer' . ' 12
Internal, ingestion 30 | Industrial® : 0.6
External, terrestrial 20 Occupational 0.6
' Weapons Fallout <1
_ 1 Nuclear Power Plants <1
Approximate Total 310 Approximate Total 315

Combined Annual Average Dose: Approximately 620 to 625 millirem/year

™ Information from NCRP Reports 160 and 94
@ primarily from airborne radon and its radioactive progeny

® |Includes CT (150 m|ll|rem) nuclear medicine (74 mrem), interventional fluoroscopy (43 mrem) and
conventional radiography and fluoroscopy (30 mrem)

“ Primarily from cigarette smoking (4.6 mrem), commercial air travel (3.4 mrem), building materials
(3.5 mrem), and mining and agriculture (0.8 mrem)

®) Industrial, security, medical, educational, and research

Cosmic radiation from the sun and outer space penetrates the earth’s atmosphere and continuously
bombards us with rays and charged particles. Some of this cosmic radiation interacts with gases
and particles in the atmosphere, making them radipactive in tum. These radioactive byproducts from
cosmic ray bombardment are referred to as cosmogenic radionuclides. Isotopes such as beryllium-7
and carbon-14 are formed in this way. Exposure to cosmic and cosmogenic sources of radioactivity
results in about 30 mrem of radiation dose per year.

Additionally, natural radioactivity is in our body and in the food we eat (about 30 millirem/yr), the
ground we walk on (about 20 millirem/yr) and the air we breathe (about 230 millirem/yr). The majority
of a person's annual dose results from exposure to radon and thoron in the air we breathe. These
gases and their radioactive decay products arise from the decay of naturally occurring uranium,
thorium and radium in the soil and building products such as brick, stone, and concrete. Radon and
thoron levels vary greatly with location, primarily due to changes in the concentration of uranium and
thorium in the soil. Residents at some locations in Colorado, .New York, Pennsylvania, and New
Jersey have a higher annual dose as a result of higher levels of radon/thoron gases in these areas.
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In total, these various sources of naturally occurring radiation and radioactivity contribute to a total
dose of about 310 mrem per year. ’

In addition to natural radiation, we are normally exposed to radiation from a number of man-made
sources. The single largest doses from man-made sources result from therapeutic and diagnostic
applications of x-rays-and radiophammaceuticals. The annual dose to an individual'in the U.S. from
medical and dental exposure is about 300 mrem. Consumer activities, such as smoking, commercial
air travel, and building materials contribute about 13 mrem/yr. Much smaller doses result from
weapons fallout (less than 1 mrem/yr) and nuclear power plants. - Typically, the average person in
the United States receives about 314 mrem per year from man-made sources. The collective dose
from naturally-occurring and man-made sources results in a total dose of approxumately 620 mrem/yr
to the average American.

1.3  Nuclear Reactor Operations

Pilgrim Station generates about 700 megawatts of electricity at full power, which is enough electricity
to supply the entire city of Boston, Massachusetts. Pilgrim Station is a boiling water reactor whose.
nuclear steam supply system was provided by General Electric Co. The nuclear station is located on
a 1600-acre site about eight kilometers (five miles) east-southeast of the downtown area of
Plymouth, Massachusetts. Commercial operation began in December 1972. -

Pilgrim Station was operational during most of 2013, with the exception of the refueling outage that
occurred between mid-April through May. The resulting monthly capacity factors are presented in
Table 1.3-1.

TABLE 1.31

PNPS OPERATING CAPACITY FACTOR DURING 2013
. (Based on rated reactor thermal power of 2028 Megawatts-Thermal)

Month Percent Capacity
January 69.3%
February ' 68.8%
March I - 92.8%
April 38.9%
May ] 1.8%
June 97.0%
July R 99.6%
August . : 76.8%
September : 67.7%
October 76.7%
November : 99.0%
December 86.8%
Annual Average - 72.9%
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Nuclear-generated electricity is produced at Pilgrim Station by many of the same techniques used for
conventional oil and coal-generated electricity. Both systems use heat to boil water to ‘produce
steam. The steam turns a turbine, which turns a generator, producing electricity. In both cases, the
steam passes through a condenser where it changes back into water and recirculates back through
the system. The cooling water source for Pilgrim Statlon is the Cape Cod Bay.

The key difference between Pilgrim’s nuclear power and conventional power is the source of heat -
used to boil the water. Conventional plants burn fossil fuels in.a boiler, while nuclear plants make
use of uranium in a nuclear reactor.

Inside the reactor, a nuclear reaction called fission takes place. Particles, called neutrons, strike the
nucleus of a uranium-235 atom, causing it to split into fragments called radioactive fission products.
The splitting of the atoms releases both heat and more neutrons. The newly-released neutrons then
collide with and split other uranium atoms, thus making more heat and releasing even more
neutrons, and on and on until the uranium fuel is depleted or spent. This process is caIIed a chain
reaction.

The operation of a nuclear reactor resuits in the release of small amounts of radioactivity and low
levels of radiation. The radioactivity originates from two major sources, radloactlve fission products
and radioactive activation products.

Radioactive flssmn products, as illustrated in Figure 1.3-1 (Reference 5), ongmate from the f|ssuomng
of the nuclear fuel. These fission products get into the reactor coolant from their release by minute
amounts of uranium on the outside surfaces of the fuel cladding, by diffusion through the fuel pellets
and cladding and, on occasion, through defects or failures in the fuel cladding. These fission
products circulate along with the reactor coolant water and will deposit on the internal surfaces of -
pipes and equipment. The radioactive fission products on the pipes and equipment emit radiation.
Examples of some fission products are krypton-85 (Kr-85), strontium-90 (Sr-90), iodine-131 (I- 131)
xenon-133 (Xe-133) and cesium-137 (Cs-137).
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Nuclear Fission
Fission is the splitting of the uranium-235 atom by a neutron to

release heat and more neutrons, creating a chain reaction.
Radiation and fission products are by-products of the process.

()

o)

Neutrons

Neutron Neutrons

Uranium

Fission Products

Neutrons

Fission Products

Figure 1.3-1
Radioactive Fission Product Formation
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Radioactive activation products (see Figure 1.3-2), on the other hand, originate from two sources.
The first is by neutron bombardment of the hydrogen, oxygen and other gas (helium, argon,
nitrogen) molecules .in the reactor cooling water. The second is a result of the fact that the internals
of any piping system or component are subject to minute yet constant corrosion from the reactor
cooling water. These minute metallic particles (for example: nickel, iron, cobalt, or magnesium) are
transported through the reactor core into the fuel region, where neutrons may react with the nuclei of
these particles, producing radioactive products. So, activation products are nothing more than
ordinary naturally-occurring atoms that are made unstable or radioactive by neutron bombardment.
These activation products circulate along with the reactor coolant water and will deposit on the
internal surfaces of pipes and equipment. The radioactive activation products on the pipes and
equipment emit radiation. Examples of some activation products are manganese 54 (Mn-54), iron-
59 (Fe-59), cobalt-60 (Co-60), and zinc-65 (Zn-65).

' Stable , Radioactive
Neutron Cobalt Nucleus Cobalt Nucleus - -
Figure 1.3-2 -

Radloactlve Activation Product Formation

At Pilgrim Nuclear Power Station there are five independent protective barriers that confine these
radioactive materials. These five barriers, which are shown in Figure 1.3-3  (Reference 5), are:

o fuel pellets;

fuel cladding;

reactor vessél and piping;

primary containment (drywell and torus); an_d,.

secondary containment (reactor building).
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SIMPLIFIED DIAGRAM OF A BOILING WATER REACTOR

4. PRIMARY CONTAINMENT

3. REACTOR VESSEL
1. FUEL PELLETS

2. FUEL CLADDING 5. SECONDARY CONTAINMENT

CONDENSER

|

REACTOR . :
BUILDING . DRYWELL

Figure 1.3-3
Barriers To Confine Radioactive Materials
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The ceramic uranium fuel pellets provide the first barrier. Most of the radioactive fission products are
either physically trapped or chemically bound between the uranium atoms, where they will remain.
However, a few fission products that are volatile or gaseous may diffuse through the fuel pellets mto
small gaps between the pellets and the fuel cladding.

The second barrier, the fuel cladding, consists of zirconium alloy tubes that confine the fuel pellets.
The small gaps between the fuel and the cladding contain the noble gases and volatile iodines that
are types of radioactive fission products. This radioactivity can diffuse to a small extent through the

fuel cladding into the reactor coolant water. :

The third barrier consists of the reactor pressure vessel, steel piping and equipment that confine the
reactor cooling water. The reactor pressure vessel, which holds the reactor fuel, is a 65-foot high by
19-foot diameter tank with steel walls about nine inches thick. This provides containment for
radioactivity in the primary coolant and the reactor core. However, during the course of operations
and maintenance, small amounts of radioactive fission and activation products can escape through
valve leaks or upon breaching of the primary coolant system for maintenance.

The fourth barrier is the primary containment. This consists of the drywell and the torus. The drywell
is a steel lined enclosure that is shaped like an inverted light bulb. An approximately five foot thick
concrete wall encloses the drywell's steel pressure vessel.. The torus is a donut-shaped pressure
suppression chamber. The steel walls of the torus are nine feet in' diameter with the donut itself
having an outside diameter of about 130 feet. Small amounts of radioactivity may be released from
primary containment during maintenance.

The fifth barrier is the secondary containment or reactor building. The reactor building is the
concrete building that surrounds the primary containment. This barrier is an additional safety feature
to contain radioactivity that may escape from the primary containment. This reactor building is
equipped with a filtered ventilation system that is used when needed to reduce the radioactivity that.
escapes from the primary containment.

The five barriers confine most of the radioactive fission and activation products. However, small
amounts of radioactivity do escape via mechanical failurés and maintenance on valves, piping, and
equipment associated with the reactor cooling water system. The small amounts of radioactive
liquids and gases that do escape the various containment systems are further controlled by the liquid
purification and ventilation filtration systems. Also, prior to a release to the environment, control
systems exist to collect and purify the radioactive effluents in order to reduce releases to the
environment to as low as is reasonably achievable. The control of radioactive effluents at Pilgrim
Station will be'discussed in more detail in the next section.
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1.4 Radioactive Effluent Control

The small amounts of radioactive liquids and gases that might escape the five barriers are purified in
the liquid and gaseous waste treatment systems, then monitored for radioactivity, and released only
if the radioactivity levels are below the federal release limits.

Radioactivity released from the liquid effluent system to the environment is Ilmlted controlled, and
monitored by a variety of systems and procedures which include:

reactor water cleanup system,

liquid radwaste treatment system;

sampling and analysis of the liquid radwaste tanks; and,
liquid waste effluent discharge header radioactivity monitor.

The purpose of the reactor water cleanup system is to continuously purify the reactor cooling water
by removing radioactive atoms and non-radioactive impurities that may become activated by neutron |
bombardment. A portion of the reactor coolant water is diverted from the primary coolant system
and is directed through ion exchange resins where radioactive elements, dissolved and suspended
in the water, are removed through chemical processes. The net effect is a substantial reduction of
the radioactive material that is present in the primary coolant water and consequently the amount of
radioactive material that might escape from the system.

Reactor cooling water that might escape the primary cooling system and other radioactive water
sources are collected in floor and equipment drains. These drains direct this radioactive Ilqmd waste
to large holdup tanks. The liquid waste collected in the tanks is purified again using the liquid
radwaste treatment system, which consists of a filter and ion exchange resins.

Processing of liquid radioactive waste results in large reductions of radioactive liquids discharged
into Cape Cod Bay. Of all wastes processed through liquid radwaste treatment, 90 to 95 percent of
all wastes are punfled and the processed liquid is re-used in plant systems.

Prior to release, the radioactivity in the liquid radwaste tank is sampled and analyzed to determine if
the level of radioactivity is below the release limits and to quantify the total amount of radioactive
liquid effluent that would be released. If the levels are below the federal release limits; the tank is
drained to the liquid effluent discharge header.

This liquid waste effluent discharge header is provided with a shielded radioactivity monitor. This
detector is connected to a radiation level meter and a strip chart recorder in the Control Room. The -
radiation alarm is set so that the detector will alarm before radioactivity levels exceed the release
limits. The liquid effluent discharge header has an isolation valve. If an alarm is received, the liquid
effluent discharge valve will automatically close, thereby terminating the release to the Cape Cod
Bay and preventing any liquid radioactivity from being released that may exceed the release limits.
An audible alarm notifies the Control Room operator that this has occurred.

Some liquid waste sources which have a low potential for containing radioactivity, and/or may
contain very low levels of contamination, may be discharged directly to the discharge canal without
passing through the liquid radwaste discharge header. One such source of liquids is the neutralizing.
sump. However, prior to discharging such liquid wastes, the tank is thoroughly mixed and a
representative sample is collected for analysis of radioactivity content prior to being discharged.
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Another means for adjusting liquid effluent concentrations to below federal limits is by mixing plant
cooling water from the condenser with the liquid effluents in the discharge canal. This larger volume
of cooling water further dilutes the radioactivity levels far below the release limits.

- The preceding discussion illustrates that many controls exist to reduce the radioactive liquid effluents
released to the Cape Cod Bay to as far below the release limits as is reasonably achievable.

Radioactive releases from the radioactive gaseous effluent system to the environment are hmtted
controlled, and momtored by a variety of systems and procedures which mclude :

reactor building ventilation system;

reactor building vent effluent radioactivity monitor;
sampling and analysis of reactor building vent effluents;
standby gas treatment system;

main stack effluent radioactivity monitor and samplmg.
sampling and analysis of main stack effluents;
augmented off-gas system; '

steam jet air ejector (SJAE) monitor; and,

off-gas radiation monitor.

The purpose of the reactor building ventilation system is to collect and exhaust reactor building air.
Air collected from contaminated areas is filtered prior to combining it with air collected from other
parts of the building. This combined airflow is then directed to the reactor building ventilation plenum
that is located on the side of the reactor building. This plenum; which vents to the atmosphere, is
equipped with a radiation detector. The radiation level meter and strip chart recorder for the reactor
building vent effluent radioactivity monitor is located in the Control Room. To supplement the
information continuously provided by the detector, air samples are taken periodically from the reactor

- building vent and are analyzed to quantify the total amount of tritium and radioactive gaseous and

particulate effluents released.

if air containing elevated amounts of noble gases is routed past the reactor building vent's effluent
radioactivity monitor, an alarm will alert the Control Room operators that release limits are being
approached. The Control Room operators, according to procedure, will isolate the reactor building
ventilation system and initiate the standby gas treatment system to remove airborne particulates and
gaseous halogen radioactivity from the reactor building exhaust. This filtration assembly consists of -
high-efficiency particulate air filters and charcoal adsorber beds. The purified air is then directed to
the main stack. The main stack has dilution flow that further reduces concentration levels of
gaseous releases to the environment to as far below the release limits as is reasonably achievable.

The approximately 335 foot tall main stack has a special probe inside it that withdraws a portion of
the air and passes it through a radioactivity monitoring system. This main stack effluent radioactivity
monitoring system continuously samples radioactive particulates, iodines, and noble gases. Grab
samples for a tritum analysis are also collected at this location. The system also contains
radioactivity detectors that monitor the levels of radioactive noble gases in the stack flow and display
the result on radiation level meters and strip chart recorders located in the Control Room. To
supplement the information continuously provided by the detectors, the particulate, iodine, tritium,
and gas samples are analyzed periodically to quantify. the total amount of radioactive gaseous
effluent being released. ) .

The purpose of the augmented off-gas system is to reduce the radioactivity from the gases that are
removed from the condenser. This purification system consists of two 30-minute holdup lines to
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reduce the radioactive gases with short half-lives, several charcoal adsorbers to remove radioactive
iodines and further retard the short half-life gases, and offgas filters to remove radioactive
particulates. The recombiner collects free hydrogen and oxygen gas and recombines them into
water. This helps reduce the gaseous releases of short-lived isotopes of oxygen that have been
made radioactive by neutron activation.

The radioactive off-gas from the condenser is then directed into a ventilation pipe to which the off-
gas radiation monitors are attached. The radiation level meters and strip chart recorders for this
detector are also located in the Control Room. If a radiation alarm setpoint is exceeded, an audible
alam will sound to alert the Control Room operators. In addition, the off-gas bypass and charcoal
adsorber inlet valve will automatically re-direct the off-gas into the charcoal adsorbers if they are
temporarily being bypassed. If the radioactivity levels are not returned to below the alarm setpoint
within 13 minutes, the off-gas releases will be automatically isolated, thereby preventing any

gaseous radioactivity from being released that may exceed the release limits. '

Therefore, for both liquid and gaseous releases, radioactive effluent control systems exist to collect
and purify the radioactive effluents in order to reduce releases to the environment to as low as is
reasonably achievable. The effluents are always monitored, sampled and analyzed prior to release
to make sure that radioactivity levels are below the release limits. If the release limits are being
approached, isolation valves in some of the waste effluent lines will automatically shut to stop the
release, or Control Room operators will implement procedures to eénsure that federal regulatory limits
are always met.

1.5 Radiolog. ical Impact on Humans

The final step in the effluent control process is the determination of the radiological dose impact to
humans and comparison with the federal dose limits to the public. As mentioned previously, the
purpose of continuous radiation monitoring and periodic sampling and analysis is to measure the
quantities of radioactivity being released to determine compliance with the radioactivity release limits.
This is the first stage for assessing releases to the environment.

Next, calculations of the dose impact to the general public from Pilgrim Station's radioactive effluents
are performed. The purpose of these calculations is to periodically assess the doses to the general
public resulting from radioactive effluents to ensure that these doses are being maintained as far
below the federal dose limits as is reasonably achievable. This is the second stage for assessing
releases to the environment.

The types and quantities of radioactive liquid and gaseous effluents released from Pilgrim Station
during each given year are reported to the Nuclear Regulatory Commission annually. The 2013
Radioactive Effluents are provided in Appendix B and will be discussed in'more detail in Section 3 of
this report. These liquid and gaseous effluents were well below the federal release limits and were a
small percentage of the PNPS ODCM effluent control limits.

These measurements of the physical and chemical nature of the effluents are used to determine
how the radionuclides will interact with the environment and how- they can result in radiation
exposure to humans. The environmental interaction mechanisms depend upon factors such as the
" hydrological (water) and meteorological (atmospheric) characteristics in the area. Information on the
water flow, wind speed, wind direction, and atmospheric mixing characteristics are used to estimate
how radioactivity will distribute and disperse in the ocean and the atmosphere.
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The most important type of information that is used to evaluate the radiological impact on humans is
data on the use of the environment. Information on fish and shellfish consumption, boating usage,
beach usage, locations of cows and goats, locations of residences, locations of gardens, drinking
water supplies, and other usage information are utilized to estimate the amount of radiation and
radioactivity received by the general public.

The radiation exposure pathway to humans is the path radioactivity takes from its release point at

Pilgrim Station to its effect on man. The movement of radioactivity through the environment and its
transport to humans is portrayed in Figure 1.5-1. '
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EXAMPLES OF PILGRIM STATION'S RADIATION. EXPOSURE PATHWAYS
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There are three major ways in which liquid effluents affect humans:
o external radiation from liquid effluents that deposit and accumulate on the shoreline;
o extemal radiation from immersion in ocean water containing radioactive liquids; and,

o internal radiation from consumption of fish and shelifish containing radloactwny absorbed
from the liquid effluents.

There are six major ways in which gaseous effluents affect humans:
¢ external radiation from an airborne plume of radioactivity;
- o internal radiation from inhalation of airborne radioactivity;
¢ extemal radiation from deposition of radioactive effluents on soil;
¢ ambient (direct) radiation from contained sources at the power plant;

" e internal radiation from consumption of vegetation containing radioactivity deposited on
vegetation or absorbed from the soil due to ground deposition of radioactive effluents; and,

¢ _internal radiation from consumption of milk and meat contammg radioactivity deposited on
forage that is eaten by cattle and other livestock.

In addition, ambient (direct) radiation emitted from contained sources of radioactivity at PNPS
contributes to radiation exposure in the vicinity of the plant. Radioactive nitrogen-16 contained in the
steam flowing through the turbine accounts for the majority of this “sky shine” radiation exposure
immediately adjacent to the plant. Smaller amounts of ambient radiation result from low-level
radioactive waste stored at the site prior to shipping and dlsposal

To the extent possible, the radiological dose impact on humans i$ based on direct measurements of
radiation,and  radioactivity in the environment.. When PNPS-related activity is detected in samples
that represent a plausible exposure pathway, the resulting dose from such exposure is assessed
(see Appendix.A). However, the operation of Pilgim Nuclear Power Station results in releases of
only.small amounts of radioactivity, and, as a resuit of dilution in the atmosphere and ocean, even
the most sensitive radioactivity measurement and analysis techniques cannot usually detect these
tiny amounts of radioactivity above that which is naturally present in the environment. Therefore,
radiation doses are calculated using radioactive effluent release data and computerized dose
calculations that are based on very conservative NRC-recommended models that tend to result in
over-estimates of resulting dose. These computerized dose calculations are performed by- or for
Entergy Nuclear.personnel. These computer codes use the guidelines and methodology set forth by
the NRC in Regulatory Guide 1.109 (Reference 6). The dose calculations are documented and
described in detail in the Pilgrim Nuclear Power Station's Offsite Dose Calculation Manual
(Reference 7), which has been reviewed by the NRC.

Monthly dose calculations are performed by PNPS personnel.. It should be emphasized that
because of the very conservative assumptions made in the computer code calculations, the
maximum hypothetical dose to6 an individual is considerably higher than the dose that would actually
be received by a real individual.

After dose calculations are performed, the results are compared to the federal dose limits for the
public. The two federal agencies that are charged with the responsibility of protecting the public
from radiation and radioactivity are, the Nuclear Regulatory Commission (NRC) and the
Environmental Protection Agency (EPA)
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The NRC, in 10CFR 20.1301 (Reference 8) limits the levels of radiation to unrestricted areas
resulting from the possession or use of radioactive materials such that they limit any individual to a
dose of: '

o less than or equal to 100 mrem per year to the total body. .

In addition to this dose limit, the NRC has established design objectives for nuclear plant licensees.
Conformance to these guidelines ensures that nuclear power reactor effluents are maintained as far
below the legal limits as is reasonably achievable.

The NRC, in 10CFR 50 Appendix | (Reference 9) establishes design objectives for the dose to a
member of the general public from radioactive material in liquid effluents released to unrestricted
areas to be limited to:

» less than or equal to 3 mrem per year to the total body; and,
* less than or equal to 10 mrem per year to any organ.

The air dose due to release of noble gases in gaseous effluents is restricted to:

¢ less than or equal to 10 mrad per year for gamma radiation; and,
o less than or equal to 20 mrad per year for beta radiation.

The dose to a member of the general public from iodine-131, tritium, and all particulate radionuclides
with half-lives greater than 8 days in gaseous effluents is limited to: :

» less than or equal to 15 mrem per year to any organ.

The EPA, in 40CFR190.10 Subpart B (Reference 10), sets forth the environmental standards for the
uranium fuel cycle. During normal operation, the annual dose to any member of the public from the
entire uranium fuel cycle shall be limited to:

* less than or equal to 25 mrem per year to the total body;
« less than or equal to 75 mrem per year to the thyroid; and,
+ less than or equal to 25 mrem per year to any other organ.

The summary of the 2013 radiological impact for Pilgrim Station and comparison with the EPA dose
limits and guidelines, as well as a comparison with natural/man-made radiation levels, is presented
in Section 3 of this report. -

The third stage of assessing releases to the environment is the Radiological Environmental

Monitoring Program (REMP). The description and results of the REMP at Pilgrim Nuclear Power
Station during 2013 is discussed in Section 2 of this report.
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2.0 . RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

21 Pre-Operational Monitoring Results

The Radiological Environmental Monitoring Program (REMP) at Pilgrim Nuclear Power Station was
first initiated in August 1968, in the form of a pre-operational monitoring program prior to bringing the
station on-line. The NRC's intent (Reference 11) with performing a pre-operational environmental
monitoring program is to:

o measure background levels and thelr vanatlons in the environment in the area surrounding
the licensee’s station; and, :

¢ evaluate procedures, equupment and techmques for monitoring radiation and radioactivity |n'_
the environment.

The pre-operational program (Reference 12) continued for approximately three and a half years,
from August 1968 to June 1972. Examples of background radiation and radioactivity. levels
measured during this time period are as follows: :

¢ Airborne Radioactivity Particulate Concentration (gross beta): 0.02 - 1.11 pCi_/m3;

¢ Ambient Radiation (TLDs): 4.2 - 22 micro-R/hr (37 - 190 mR/yr);

e Seawater Radioactivity-Concentrations (gross beta): 12 - 31 pCilliter;

e Fish Radioactivity Concentrations’(gross beta): 2,200 - 11,300 pCi/kg;

e Milk Radioactive Cesium-137 Concentrations: 9.3 - 32 pCi/Iiter;_

o Milk Radipactive Strontium-90 Concentrations: 4.7 - 17.6 pCi/liter; -

¢ Cranberries Radioactive Cesium-137 Concentrations: 140 - 450 pCi/kg;

e Forage Radloactlve Cesium- 137 Concentrations: 150 - 290 pCi/kg.
Thns information from the pre- operatlonal phase is used as a basis for evaluatlng changes in .
radiation and radioactivity levels in the vicinity of the plant following plant operation. In April 1972, -
just -prior to initial reactor startup (June 12, 1972), Boston Edison Company implemented a
comprehensive operational environmental monitoring program at Pilgrim Nuclear Power -Station.
This program (Reference 13) provides information on radioactivity and radiation Ievels in the
environment for the purpose of: :

.» demonstrating that doses to the general public and levels of radloactlvaty in the enVIronment
are within established limits and legal requirements; : ‘

» monitoring the transfer and long-term buildup of specific radionuclides in the environment to
revise the monitoring program and environmental models in response to changmg conditions;

o checking the condition of the station's operation, the adequacy of operatlon in relation to the.

‘ adequacy of containment, and the effectiveness of effluent treatment so as fo provide a

mechanism of determining unusual or unforeseen conditions and, where appropnate to
trigger spemal environmental monitoring studies;

» “assessing the dose equivalent to the general public and the behavior of radioactivity released
during the unlikely event of an accidental release; and,
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o determmlng whether or not the radlologrcal |mpact on the environment and humans is
significant.

The Nuclear Regulatory Commission requires that Pilgrim Station provide monitoring of the plant
environs for radioactivity that will be released as a resuit of normal operations, including anticipated
operational occurrences, and from postulated accidents. The NRC has established guidelines
(Reference 14) that specify an acceptable monitoring. program. The PNPS Radiological
Environmental Monitoring Program was designed to meet -and exceed these guidelines. Guidance
contained in the NRC's Radiological Assessment Branch Technical Position on Environmental
Monitoring (Reference 15) has been used to improve the program. In addition, the program has
incorporated the provisions of an agreement made with the Massachusetts Wildlife Federation
(Reference 16). The program was supplemented by including improved analysis of shelifish and
sediment at substantially higher sensitivity levels to verify the adequacy of effluent controls at Pllgnm
Station.

2.2  Environmental Monitoring Locations

Sampling locations have been established by considering meteorology, population distribution,-
hydrology, and land use .characteristics of the Plymouth area. The sampling locations are divided
into two classes, indicator and control. Indicator locations are those that are expected to show
. effects from PNPS operations, if any exist. These locations were primarily selected on the basis of
where the highest predicted environmental concentrations would occur. While the indicator locations .
are typically within a few kilometers of the plant, the control stations are generally located so as to be
outside the influence of Pilgrim Station. They -provide a basis on which to. evaluate fluctuations at
indicator locations relative to natural background radiation and natural radroactrvrty and fallout from
prlor nuclear weapons tests.

The environmental sampling media collected in the.vicinity of Pilgrim Station during 2013 included air
particulate filters, -charcoal cartridges, animal forage, vegetation, cranberries, seawater, sediment,
Irish moss, shellfish, American lobster, and fishes. The sampling medium, station description,
station number, distance, and direction for indicator and control samples are listed in Table 2.2-1.
These sampling locations are also displayed on the maps shown in Figures 2:2-1 through:2.2-6.

The radiation monltormg locations for the environmental TLDs are shown in Figures 2.2-1 through
2.2-4. The frequency of collection and types of radroactrvrty analysrs are described in Pilgrim
Station's ODCM, Sections 3/4. 5 _

The land- based (terrestrial) samples and monitoring devices are collected by Entergy personnel. The
aquatic samples are. collected by Marine Research, Inc. The radioactivity analysis of samples and
the processing of the envrronmental TLDs are performed by Entergy s J.A. Fitzpatrick Environmental
Laboratory. . . .

The frequency, types, minimum number of samples, and maximum lower limits of detection (LLD) fcr
the analytical measurements, are specified in the PNPS ODCM. Dunng 2003, a revision was made

to-the PNPS ODCM to standardize’it to the model program described in NUREG-1302 (Reference . .

14) and the Branch Technical Position of 1979 (Reference 15). - In accordance with this
standardization, a number of changes occurred regarding the types and frequencies’ of sample
collections.

In regard to terrestrial REMP sampling, routine collection and analysis of 50|I samples was
discontinued in lieu of the extensive network of environmental TLDs around PNPS, and the weekly .
collection of air samples at 11 locations. Such TLD monitoring and air sampling would provide an
early indication of any potential deposition of radioactivity, and follow-up soil sampling could be
performed on an as-needed basis. Also, with the loss of the indicator milk sample at the Plymouth
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County Farm and the lack of a sufficient substitute location that could provide suitable volumes for
analysis, it was deemed unnecessary to continue to collect and analyze control samples of milk.
Consequently, routine milk sampling was also dropped from the terrestrial sampling program.” NRC
guidance (Reference 14) contains provisions for collection of vegetation and forage samples in lieu
of milk sampling. Such samples have historically been collected near Pilgrim Station as part of the
routine REMP program.

In the area of marine sampling, a number of the specialized sampling and analysis requirements
implemented as part of the Agreement with the Massachusetts Wildlife Federation (Reference 16)
for licensing of a second reactor at PNPS were dropped. This agreement, made in 1977, was
predicated on the construction of a second nuclear unit, and was set to expire in 1987. However,
since the specialized requirements were incorporated into the PNPS Technical Speciﬁcations at the
time, the requirements were continued. When the ODCM was revised in 1999 in accordance with
NRC Generic Letter 89-01, the sampling program description was relocated to the ODCM. When
steps were taken in 2003 to standardize the PNPS ODCM to the NUREG-1302- model, the
specialized marine sampling requirements were changed to those of the model program. These
changes include the following:

s A sample of the surface layer of sedlment is collected as opposed to specialized depth-
incremental sampling to 30 cm and subdividing cores into 2 cm increments.

e Standard LLD levels of about 150 to 180 pCi/kg were established for sediment, as opposed
to the specialized LLDs of 50 pCi/kg.
Specialized analysis of sediment for plutonium isotopes was removed.

« Sampling of Irish moss, shellfish, and fish was rescheduled to a semlannual period, as

. opposed to a specialized quarterly sampling interval.

e Analysis of only the edible portions of shellfish (mussels and clams), as opposed to
specialized additional analysis of the shell portions. '

¢ Standard LLD levels-of 130 to 260 pCi/kg were established. for edlble portions of shellfish, as
opposed to specialized LLDs of 5 pCi/kg.

The PNPS ODCM was revised in 2009. In conjunction with this revision, two changes were made to
the environmental sampling program. Due to damage from past storms to the rocky areas at
Manomet Point, there is no longer a harvestable population of blue mussels at this site. Several
attempts have been made over the past years to collect samples from this location, but all efforts
were unsuccessful. Because of unavailability of mussels at this location as a viable human
foodchain exposure pathway, this location was dropped from the sampling program. The other
" change involved the twice per year sampling of Group [l fishes in the vicinity of the PNPS discharge
outfall, represented by species such as cunner and tautog. Because these fish tend to move away
from the discharge jetty during colder months, they are not available for sampling at a six-month
semi-annual sampling period. The sampling program was modified to reduce the sampling for
Group I fishes to once per year, when they are available during warmer summer months.

Upon receipt of the analysis results from the analytical laboratories, the PNPS staff reviews the

results. If the radioactivity concentrations are above the reporting levels, the NRC must be notified

within 30 days. For radioactivity that is detected that is attributable to Pilgrim Station's operation,

calculations are performed to determine the cumulative dose contribution for the current year.

. Depending upon the circumstances, a special study may also be completed (see Appendix A for

2013 special studies). Most importantly, if radioactivity levels in the environment become elevated .
as a result of the station's operation, an investigation is performed and corrective actions are

recommended to reduce the amount of radioactivity to as far below the legal limits as is reasonably

achievable.

The radiological environmental sampling locations are reviewed annually, and modified if necessary.
A garden and milk animal census is performed every year to identify changes in the use of the
environment in the vicinity of the station to permit modification of the momtonng and sampling
locations. The results of the 2013 Garden and M|Ik Ammal Census are reported in Appendix C.
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The accuracy of the data obtained through Pilgrim Station’s Radiological Environmental Monitoring
Program is ensured through a comprehensive Quality Assurance (QA) programs. PNPS's QA
program has been established to ensure confidence in the measurements and results of the
radiological monitoring program through:
‘e Regular surveillances of the sampling and monitoring program;
e An annual audit of the analytical laboratory by the sponsor companies,
e Patticipation in cross-check programs;
e Use of blind duplicates for comparing separate analyses of the same sample; and,

» Spiked sample analyses by the analytical laboratory.

QA audits and inspections of the Radiological Environmental Monitoring Program are performed by
the NRC, American Nuclear Insurers, and by the PNPS Quality Assurance Department.

The J.A. Fitzpatrick Environmental Laboratory conducts extensive quality assurance and quality
control programs. The 2013 results of these programs are summarized in Appendix E. These
results indicate that the analyses and measurements performed during 2013 exhibited acceptable
precision and accuracy.
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2.3 -lnteﬂrgretat'ion of Radioactivity Analyses Results

The following pages summarize the analytical results of the environmental samples collected during
2013. Data for each environmental medium are included in a ‘separate section. A table that
summarizes the year's data for.each type of medium follows a discussion of the sampling program
" and results. The unit of measturement for each medium is listed at the top of each table. The left
. hand column contains the radionuclides being reported, total number of analyses of that

" radionuclide, and the number of measurements that exceed ten times the yearly average for the
control station(s). The latter are classified as "non-routine” measurements. The next column lists
the Lower Limit of Detection (LLD) for those radionuclides that have detection capability
requirements specified in the PNPS ODCM.

Those sampling stations within the range of influerice of Pilgrim Station and which could conceivably
" be affected by its operatlon are called "indicator” stations. Distant stations, which are beyond plant

“influence, arecalled "control" stations. Ambient radiation monitoring stations are broken down.into ,

. four separate zones to ald in data'analysis.
For each samplmg medium, each radionuclide is presented wrth a set of statistical parameters. This
set of statistical parameters includes separate analyses for (1) the indicator stations, (2) the station
having the highest annual mean concentration, and (3) the control stations. For each of these three
groups of data, the following values are calculated:

e The mean value of detectable concentrations, including only those values above LLD;
_. e The standard deviation of the detectable measurements; h

 The lowest and highest concentrations; and,

e . The number of positive measurements (activity which is three t|mes greater than the standard
" deviation), out of the total number of measurements. R

- Each single radioactivity measurement datum is based on a single measurement and is reported as
a concentration plus or minus one standard deviation. The quoted uncertainty represents only the

random uncertainty associated with the measurement of the radioactive decay process (counting .

statistics), and not the propagatlon of all possible uncertainties in the sampling and analysis process.
A sample or measurement is considered to contain detectable radioactivity if the measured value
(e.g., concentration) exceeds three times its associated standard deviation.” For example, a
vegetatlon sample with a cesium-137 concentration of 85 + 21 pCi/kilogram would be considered
"positive" (detectable Cs-137), whereas another sample with a concentration of 60 + 32 pCi/kilogram
would be considered -"negative”, indicating no detectable cesium-137.. The latter. sample may

_actually contain cesium-137, but the levels counted during its analysrs were not significantly different

than the background levels.

As an'exa'mple of how to interpret data presented in the results tables, refer to the first entry on th'e_'

_table for air particulate filters (page 41). Gross beta (GR-B) analyses were performed on 563 routine
samples.. None of the samples exceeded. ten times the average concentratlon at the control
location. The lower limit-of detection (LLD) requrred by the ODCM is 0. 01 pCi/m®.

For samples collected from the-ten indicator stations, 511 out of 511 samples indicated detectable
actwrty at the three-sigma (standard deviation) level. The mean concentration of gross, beta activity
in these 511 indicator station samples was 0.014 + 0. 0049 (1.4E-2 t 4. 9E 3) pCl/m Individual
_values ranged from 0.00047 to 0.035 (4.7E-4 — 3.5E-2) pCi/m®.

The monitoring station which yielded the highest mean concentration was the Control location EW
(East Weymouth), which- yielded a mean concentration of 0.014-+ 0. 0053 pCl/m based on 52
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observations. Individual values ranged from 0.0044 to 0.030 pCi/m®. Fifty-two of the fifty-two
samples showed detectable activity at the three-sigma level.

At the control location, 52 out of 52 samples yielded detectable gross beta activity, for an average
concentration of 0. 014 + 0.0043 pCi/m°. Individual samples at the control location ranged from
0.0044 to 0.030 pCi/m’. .

Referring to the next-to-last entry row in the table, analyses for cesium-137 (Cs-137) were performed
43 times (quarterly composites for 11 stations * 4 quarters, minus one quarterly sample). No .
samples exceeded ten times the mean control station concentration. The required LLD value Cs-
137 in the PNPS ODCM is 0.06 pCi/m®.

At the indicator stations, all 40 of the Cs-137 measurements were below the detection level. The
same was true for the four measurements made on samples collected from the control location.

2.4 Ambient Radiation Measurements

The primary technique for measuring ambient radiation exposure in the vicinity of Pilgrim Station
involves posting environmental thermoluminescent dosimeters (TLDs) at given monitoring locations
and retrieving the TLDs after a specified time period. The TLDs are then taken to a laboratory and
processed to.determine the total amount of radiation exposure received over the period. Although
TLDs can be used to monitor radiation exposure for short time periods, environmental TLDs are
typically posted for periods of one to three months. ‘Such TLD monitoring yields average exposure
rate measurements over a relatively long time period. The PNPS environmental TLD monitoring
program is based on a quarterly (three month) posting period, and a total of 110 locations are
monitored using this technique. In addition, 27 of the 110 TLDs are located onsite, within the PNPS
protected/restricted area, where the general public does not have access.

Out of the 440 TLDs (110 locations * 4 quarters) posted during 2013, 431 were retrieved and
processed. Those TLDs missing from their monitoring locations were lost to storm damage, and/or
. building renovation, and their absence is discussed in Appendix D. The results for environmental

-TLDs located offsite, beyond the PNPS protected/restricted area fence, are presented in Table 2.4-
1. Results from onsite TLDs posted within the restricted area are presented in Table 2.4-2. In
addition to TLD results for individual locations, results from offsite TLDs were grouped according to
geographic zone to determine average exposure rates as a function of distance. These results are
summarized in Table 2.4-3. All of the listed exposure values represent continuous occupancy (2190
hriqtr or 8760 hriyr).

Annual exposure rates measured at locations beyond the PNPS protected area boundary ranged
from 40 to 154 mR/yr. The average exposure rate at control locations greater than 15 km from
Pilgrim Station (i.e., Zone 4) was 60.2 + 10.9 mR/yr. When the 3-sigma confidence interval is
calculated based on these control measurements, 99% of all measurements of background ambient
exposure would be expected to be between 27 and 93 mR/yr. The results for all TLDs within 15 km
(excluding those Zone 1 TLDs posted within the site boundary) ranged from 40 to 81 mR/yr, which
compares favorably with the preoperational results of 37 - 190 mR/yr,

Inspection of onsite TLD results listed in Table 2.4-2 indicates that all of those TLDs located within

the PNPS protected/restricted area yield exposure measurements higher than the average natural

background. Such resuits are expected due to the close proximity of these locations to radiation

sources onsite. The radionuclide nitrogen-16 (N-16) contained in steam flowing through the turbine

accounts for most of the exposure onsite. Although this radioactivity is contained within the turbine

and is not released to the atmosphere, the “sky shine” which occurs from the turbine increases the
_ambient radiation levels in areas near the turbine building.
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A small number of offsite TLD locations in close proximity to the protected/restricted area indicated
ambient radiation exposure above expected background levels. All of these locations are on Pilgrim
Station controlled property, and experience exposure increases due to turbine sky shine (e.g.,
locations OA, TC, PB, and P01) and/or transit and storage of radwaste onsite (e.g., locations BLE
and BLW). Due to heightened security measures following September 11 2001, members for the
general public do not have access to such locations within the owner—controlled area.

One TLD, located in the basement of the Plymouth Memorial Hall, indicated an annual exposure of
76 MR in 2013. The higher exposure within the building at this location is due to the close proximity
of stone building material, which contains higher levels of naturalIy—occurnng radioactivity, as well as
from the buildup of radon in this area of the building.

It should be noted that several of the TLDs used to calculate the Zone 1 averages presented in
Table 2.4-3 are located on Pilgrim Station property. If the Zone 1 value is corrected for the near-site
TLDs (those less than 0.6 km from the Reactor Building), the Zone 1 mean falls from a value of 71.6
+ 21.3 mR/yr to 62.2 + 8.9 mR/yr. Additionally, exposure rates measured at areas beyond Entergy’s
control did not indicate any increase in ambient exposure from Pilgrim Station operation.. For

- example, the annual exposure rate calculated from the two TLDs adjacent to the nearest offsite
residence 0.80 kilometers (0.5 miles) southeast of the PNPS Reactor Building was 62.1 + 7.7 mR/yr,
which compares quite well with the average control location exposure of 62.2 + 8.9 mR/yr.

In conclusion, measurements of ambient radiation exposure around Piigrim Station do not indicate
any significant increase in exposure levels. Although some increases in ambient radiation exposure
level were apparent on Entergy property very close to Pllgnm Station, there were no measurable,
increases at areas beyond Entergy’s control.

2.5 Air Particulate Filter Radioactivity Analyses

Airborne particulate radioactivity is sampled by drawing a stream of air throuigh a glass fiber filter that -
has a very high efficiency for collecting airborne particulates. These samplers are operated
continuously, and the resulting filters are collected weekly for analysis. Weekly filter samples are
analyzed for gross beta radioactivity, and the filters are then composited on a quarterly basis for .
each location for gamma spectroscopy analysis. PNPS uses this technique to monitor 10 locations
_ in the Plymouth-area, along with the control location in East Weymouth.

Out of 572 filters (11 locations * 52 weeks), 563 samples were collected and analyzed during 2013.
Several air sampling stations lost power during winter storm Nemo during the week of 05-Feb
through 12-Feb 2014. Another problem occurred at location WR when tree trimming activities on 14-
Aug-2012 resulted in damage to the electrical service and sampling station. The sampler was not
repaired until 28-Feb-2013, resulting in the loss of sampling capabilities at this location for the last 21
weeks of 2012, and the first eight weeks of 2013. This event is described 'in Condition Report CR-
PNP-2012-3545. There were also a few instances where power was lost or pumps failed during the
course of the sampling period at some of the air sampling stations, resulting in lower than normal
sample volumes. All of these discrepancies are noted in Appendix D.

The results of the analyses performed on these 563 filter samples are summarized in Table 2.5-1.
Trend plots for the gross beta radioactivity levels at the near station, property line, and offsite
airborne monitoring locations are shown in Figures 2.5-1, 2.5-2 and 2.5-3, respectively. Gross beta
radioactivity was detected in 563 of the filter samples collected, including 52 of the 52 control
~ location samples. This gross beta activity arises from naturally-occurring radionuclides such as
radon decay daughter products. Naturally-occurring beryllium-7 was detected in 44 out of 44 of the
quarterly composites analyzed with gamma spectroscopy. Naturally-occurring potassium-40 (K-40)
was detected in 1 of 4 control samples. No airborne radioactivity attributable to Pilgrim Station was
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detected in any of the samples cGollected ‘during 2013, and results of any detectable naturally-
occurring radioactivity were similar to those observed in the preoperational monitoring program.

.26 . Cnarc_oal Cartridge Radioactivity Analyses

Airborne radioactive iodine is sampled by drawing a stream of air through a charcoal cartridge after it -
has passed through the high efficiency glass fiber filter. As is the case with the air particulate filters, .
these samplers are operated continuously, and the resulting cartridges are collected- weekly for
analysis. Weekly cartridge samples are analyzed for radioactive iodine. The same eleven locations
monitored for airborne particulate radioactivity are also sampled for airborne radioiodine.

- Qut of 572 cartridges (11 locations * 52 weeks), 563 samples were collected. and analyzed during

~ 2013. Several air sampling stations’lost power during winter storm Nemo during the week of 05-Feb
through.12-Feb 2014. Another problem occurred at'location WR when tree trimming activities on 14-
Aug-2012 resulted in damage to the electrical service and sampling station. The sampler was not
repaired until 28-Feb-2013, resulting in the loss of sampling capabilities at this location for the last 21
weeks of 2012, and the first eight weeks of 2013. This event is described in Condition Report CR-
PNP-2012-3545. There were also a few instances where power was lost or pumps failed during the
course of the sampling period at some of the air sampling stations, resuiting in lower than normal
samplé volumes. All of these discrepancies -are noted in Appendix D. Despite such events during
2013, required LLDs were met on 563 of the 563 cartridges collected during 2013. :

The'results of the analyses performed on these charcoal cartridges are summarized in Table 2.6-1.
No airborne radioactive iodine attributable to Pilgrim Station- was detected in any of the charcoal
cartndges collected , :

2.7 " Milk Radioactivity Analyses

In July 2002; the Plymouth County Farm ceased operation of its dairy facnhty " This was historically
the only dairy facility near Pilgrim Station, and had been sampled continuously since Pilgrim Station
began operation jn 1972. Although attempts were made to obtain samples from an alternate
indicator location within-5 miles as specified in NRC guidance (Reference 14), a suitable substitute
location could not be found. Thus, milk collection at an indicator location was discontinued in July
2002, but control samples of milk continued to be collected and analyzed in the event an indicator
location could. be secured. In conjunction with the standardization of the ODCM during 2003, the -
decision was made to remove milk sampling from the PNPS Radiological Environmental Monltonng
Program smce no suitable milk sampling location existed in the vicinity of Pﬂgnm Station.

~ The: nearest mllk animals to Pilgrim Statlon are located at the Plimoth Plantatlon approximately 2.5
. miles west. of PNPS, in a relatively upwind direction. Due to the limited number of milk animals
available, this location is not able to provide the necessary volume of 4 gallons of milk every two
weeks to facilitate the milk sampling program and meet the required detection sensitivities. Although
milk sampling is not performed at Plimoth Plantation, effluent dose calculations are performed for
this location assuming the presence of a m||k ingestion pathway, as part of the annual Effluent and
Waste Disposal Report (Reference 17)

As mcluded in a provns:on in standard ODCM guidance in NUREG 1302 (Reference 13) sampling

‘and analysis of vegetation from the offsite"locations calculated to have the highest D/Q deposition

factor can be performed in lieu of milk sampling. Such vegetation .sampling has been routinely

performed at Pilgrim Station as ‘part of the radiological envnronmental momtonng program and the
results of this sampling are presented in Section 2.9.

- Page 30



2.8  Forage Radioactivity Analyses

Samples of animal forage (hay) had been collected in the past from the Plymouth County Farm, and
from control locations in Bridgewater. However, due to the absence of any grazing animals within a
five-mile radius of Pilgrim Station that are used for generation of food products (milk or meat), no
samples of forage were collected during 2013. A number of wild vegetation samples were collected
within a five mile radius of Pilgrim Station as part of the vegetable/vegetation sampling effort, and
the results of this sampling would provide an indication of any radioactivity potentially entering the
forage-milk or forage-meat pathways. Results of the vegetable/vegetation sampling effort are
discussed in the following section.

2.9 Vegetable/Vegetation Radioacfiviy. Analyses

Samples of vegetables and naturally-growing vegetation have .historically been collected from the
Plymouth County Farm and from the contro! locations in Bridgewater, Sandwich, and Norton. In
addition, samples of vegetables or leafy vegetation were collected at or near a number of gardens
identified during the Annual Land Use Census. Results of this census are discussed in Appendix C.
In addition to these garden samples, naturally-grownng vegetation is collected from locations yielding
the highest D/Q deposition factors. All of the various samples of vegetables/vegetatlon are collected
annually and analyzed by gamma spectroscopy

Twenty-three samples of vegetables/vegetation were collected and analyzed ‘as required during
2013. Results of the gamma analyses of these samples are summarized in.Table 2.9-1. Naturally-
occurring beryllium-7, potassium-40, radium-226, and actinium/thorium-228 were identified in several
of the samples collected. Cesium-137 was also detected in four out of 15 samples of vegetation
collected from indicator locations, and one of eight control samples collected, with concentrations
ranging from non-detectable (<12 pCi/kg) up to 61 pCi/kg. The highest concentration of 61 pCi/kg
was detected in a sample of natural vegetation collected from the Pine Hills area of the Pine Hills
south of PNPS. This Cs-137 result is within of the normal range of average values expected for
weapons-testing fallout (75 to 145 pCi/kg as projected from the pre-operational sampling program).
It should be noted that natural vegetation samples collected in the 1990s often showed detectable
Cs-137 from nuclear weapons tests up into the range of 300 to 400 pCifkg, whereas soil samples
often indicated concentrations in excess of 2000 pCi/kg. Cs-137 has a 30-year half-life, and
measureable concentrations still remain in soil and vegetation as a result of atmospheric nuclear
weapons testing performed during the 1950s through 1970s. Weekly particulate air filters collected
from the Cleft Rock sampling station within 400 meters of where the vegetation was sampled
indicated no detectable Cs-137. A review of effluent data presented in Appendix B indicates that
there were no measurable airborne releases of Cs-137 from Pilgrim Station during 2013 that could
have attributed to this level. The sample with the highest level of Cs-137 also contained high levels
of Ra-226 and AcTh-228, mdlcatmg apprecnable soil content on the vegetation. This sample of
natural vegetation was analyzed “as is” without any measure to clean the-samples as normally would
be performed prior to consuming vegetables, and would have detected any Cs-137 in soil adhering
to those leaves collected. Certain species of plants such as sassafras are also known to concentrate
chemical elements like cesium, and this higher-than-expected level is likely due to a combination of
external soil contamination and bioconcentration in the leaves of the plants sampled. These levels
are not believed to be indicative of any releases associated with Pilgrim Station. No radioactivity
attributable to Pilgrim Station was detected in any of the vegetable/vegetation samples collected
during 2013, and results of any detectable naturally-occurring radloactmty were similar to those
observed in the preoperational monitoring program. .
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2.10 Cranberry Radioactivity Analyses

Samples of cranberries are normally collected from two bogs in the Plymouth area and from the
control location in Kingston. Samples of cranberries are collected annually and analyzed by gamma
spectroscopy. In 2012, the bog on Bartlett Road ceased harvesting operations, and a sample was
collected from an alternate location along Beaver Dam Road. Samples were also not available from
the historical control location in Halifax, and a substitute control sample was collected from a bog in
Kingston. These discrepancies are noted in Appendix D.

Two samples of cranberries were collected and analyzed during 2013. One of the bogs normally
sampled along Bartlett Road is no longer in production. Results of the gamma analyses of cranberry
samples are summarized in Table 2.10-1. Cranberry samples collected during 2013 yielded
detectable levels of naturally-occurring beryllium-7, potassium-40, and radium-226. No radioactivity
" attributable to Pilgrim Station was detected in any of the samples collected during 2013, and results
of any detectable naturally-occurring radioactivity were similar to those observed in the
preoperational monitoring program. .

2.11  Soil Radioactivity Analyses

In the past, a survey of radioactivity in soil had been conducted once every three years at the 10 air
sampling stations in the Plymouth area and the control location in East Weymouth. However, in
conjunction with standardization of the ODCM during 2003, the soil survey effort was abandoned in
favor of the extensive TLD monitoring effort at Pilgrim Station. Prior to ending the soil survey effort,
there had been no apparent trends in radioactivity measurements at these locations.

2.12 Surface Water Radioactivity Analyses

Samples of surface water are routinely collected from the discharge canal, Bartlett Pond in Manomet.
and from the control location at Powder Point Bridge in Duxbury. Grab samples are collected weekly
from the Bartlett Pond and Powder Point Bridge locations. Samples of surface water are composited
every four weeks and analyzed by gamma spectroscopy and low-level iodine analysis. These
monthly composites are further composuted on a quarterly basis and tritium analysis is performed on
these quarterly samples -

A total of 36 samples (3 locations * 12 sampling periods) of surface water were collected and
analyzed as required during 2013. Results of the analyses of water samples are summarized in
Table 2.12-1. Naturally-occurring potassium-40, radium-226, and actinium/thorium-228 were
detected in several of the samples, especially those composed primarily of seawater. No
radioactivity attributable to Pilgrim Statlon was detected in any of the surface water samples
collected during 2013.

In response to the Nuclear Energy Institute Groundwater Protection Initiative, Pilgrim Station
installed a number of groundwater monitoring wells within the protected area in late 2007. Because
all of these wells are onsite, they are not included in the offsite radiological monitoring program, and
areé not presented in this report. Details regarding Pilgrim Station’s groundwater monitoring effort
can be found in the Annual Radioactive Effluent Release Report.
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2.13 Sediment Radioactivity Analyses

Samples of sediment are routinely collected from the outfall area of the discharge canal and from
three other locations in the Plymouth area (Manomet Point, Plymouth Harbor and Plymouth Beach),
and from control locations in Duxbury and Marshfield. Samples are collected twice per year and are
analyzed by gamma spectroscopy.

Twelve of twelve required samples of sediment were collected during 2013. Gamma analyses were
performed on these samples. Results of the gamma analyses of sediment samples are summarized
in Table 2.13-1. Naturally-occurring beryllium-7, potassium-40, radium-226, and actinium/thorium-
228 were detected in a number of the samples. No radioactivity attributable to Pilgrim Station was
detected in any of the samples collected during 2013, and resuilts of any detectable naturally-
occurring radioactivity were similar to those observed in the preoperational monitoring program.

2.14 lIrish Moss Radioactivity Analyses

Samples of Irish moss are collected from the discharge canal outfall and two other locations in the
Plymouth area (Manomet Point, Ellisville), and from a control location in Marshfield (Brant Rock). All
samples are collected on a semiannual basis, and processed in the laboratory for gamma
spectroscopy analysis.

Eight samples of Irish moss scheduled for collection during 2013 were obtained and analyzed.
Results of the gamma analyses of these samples are summarized in Table 2.14-1. Naturally-
occurring potassium-40 and radium-226 were detected in-a number of the samples. No radioactivity
attributable to Pilgrim Station was detected in any of the samples callected during 2013, and results
of any detectable naturally-occurring radioactivity were similar to those observed in the
preoperational monitoring program. :

2.15 Shellfish Radioactivity Analyses

Samples of blue mussels, soft-shell clams and quahogs are collected from the discharge canal
outfall and one ather location in the Plymouth area (Plymouth Harbor), and from control locations in
Duxbury and Marshfield. All samples are collected on a semiannual basis, and edible portions
processed in the laboratory for gamma spectroscopy analysis. '

Ten of the 10 required samples of shellfish meat scheduled for collection during 2013 were obtained
and analyzed. Results of the gamma analyses of these samples are summarized in Table 2.15-1.
Naturally-occurring potassium-40 and radium-226 were detected in a number of the samples. No
radioactivity attributable to Pilgrim Station was detected in any of the samples collected during 2013,
and results of any detectable naturally-occurring radioactivity were similar to those observed in the
preoperational monitoring program.
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2.16 Lobster Radioactivity Analyses

Samples of lobsters are routinely collected from the outfall area of the discharge canal and from
control locations in Cape Cod Bay and Vineyard Sound. Samples are collected monthly from the
discharge canal outfall from June through September and once annually from the control locations.
All lobster samples are normally analyzed by gamma spectroscopy.

_ Five samples of lobsters were collected as required during 2013. Results of the gamma analyses of
these samples are summarized in Table 2.16-1. Naturally-occurring potassium-40 and radium-226
were detected in a number of the samples. No radioactivity attributable to Pilgrim Station was
detected in any of the samples collected during 2013, and results of any detectable naturally-
occurring radioactivity were similar to those observed in the preoperational monitoring program.

2.17 Fish Radioactivity Analyses

Samples of fish are routinely collected from the area at the outfall of the discharge canal and from
the control locations in Cape Cod Bay and Buzzard's Bay. Fish species are grouped into four major
categories according to their biological requirements and mode of life. These major categories and
the representative species are as follows: .

e Group | — Bottom-Oriented: Winter Flounder. Yellowtail Flounder

. Group |l - Near—Botfom Distribution: Tautog, Cunner, Polldck. Atlantic Cod, Hake
e Group il - Anadromous: Alewife, Smelt, Striped Bass

¢ Group IV - Coastal Migratory: Bluefish, Herring, Menhaden, Mackerel

Group | fishes are sampled on a semiannual basis from the outfall area of the discharge canal, and
on an annual basis from a contral location. ‘Group I, Ill, and |V fishes are sampled annually from the
discharge canal outfall and control location. ~All samples of fish are analyzed by gamma
spectroscopy.

Eight samples of fish were collected during 2013. The autumn sample of Group | Fish (flounder)
was not available during the October sampling period due to seasonal unavailability as the fish
“moved away from the Discharge Outfall to deeper water. Results of the gamma analyses of fish
samples collected are summarized in Table 2.17-1. The only radionuclides detected in any of the
samples were naturally-occurring potassium-40 and radium-226.- No radioactivity attributable to
~ Pilgrim Station was detected in any of the samples collected during 2013, and resuits of any

detectable naturally-occurnng radroactrvnty were similar to those observed in the preoperational
monitoring program :
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Table 2.2-1

Routine_RadioIo'gicél Environmental Sampling. Locations.
Pilgrim Nuclear Power Station, Plymouth, MA

Hollow Farm Bog Control :.
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Description ' Code Distance Direction
Air Particulate Filters, Charcoal Cartridgés -
Medical Building ws 02 km . = SSE
East Rocky Hill Road ER 0.9 km SE
West Rocky Hill Road WR 0.8 km WNW
Property Line PL 0.5 km NNW
Pedestrian Bridge - PB 02km N

" Overlook Area 0A 0.1 km W
East Breakwater EB 0.5 km ESE
Cleft Rock CR 1.3 km  SSW
Plymouth Center PC 6.7 km W
Manomet Substation MS 3:6 km SSE
East Weymouth Control EW 40 km NW
Forag. e - :
Plymouth County Farm CF 5.6 km w
Hansen Farm Control HN 35 km w
Vegetation :
Piymouth.County Farm CF 5.6 km w
Hansen Farm Control HN ; 35 km ‘W
Cranberries
Bartlett Road Bog BT 4.3 km - SSE
Beaverdam Road Bog MR 3.4 km S

".HF 16 km  WNW



Table 2.2-1 (continued)

Routine Radiological Environmental Sampling Locations
Pilgrim Nuclear Power Station, Plymouth, MA
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Description Code Distance  Direction
Surface Water -
Discharge Canal DIS 0.2 km . N
Bartlett Pond BP 2.7 km SE
Powder Point Control PP 13 km NNW
Sediment -
Discharge Canal Qutfall DIS 0.8 km NE
Plymouth Harbor Ply-H 4.1 km LW
Duxbury Bay Control Dux-Bay 14 km NNW
Plymouth Beach PLB 4.0 km WNW
Manomet Point MP 3.3 km ESE
Green Harbor Control GH 16 km NNW
" Irish Moss ] B
Discharge Canal Outfall DIS 0.7 km NNE
Manomet Paint MP 4.0 km ESE
Ellisville EL ) 12 km SSE
Brant Rock Control BR - 18 km NNW
Shellfish
Discharge Canal Qutfall DIS 0.7 km NNE
Plymouth Harbor Ply-H 41 km w
Duxbury Bay Control Dux-Bay 13 km NNW
Manomet Point MP 4.0 km ESE
Green Harbor Control GH 16 km NNW
Lobster : :
Discharge Canal Qutfall DIS 0.5 km N
Plymouth Harbor Ply-H 6.4 km WNW
Duxbury Bay Contro! Dux-Bay 11 km NNW
Fishes
Discharge Canal Outfall DIS 0.5 km N
Priest Cove Control PC 48 km sSw
Jones River Control JR 13 km WNW
Vineyard Sound Contro} Mv 64 km SSw
Buzzard's Bay Control BB - 40 km SSW.
Cape Cod Bay Control CC-Bay 24 km ESE



Table 2.4-1

Offsite Environmental TLD Results

* Distance and direction are measured from centerline of Reactor Building to the monitoring location.
** Annual value is based on arithmetic mean of the observed quarterly values multiplied by four quarters/year.
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TLD Station TLD Location* Quarterly Exposure - mR/quarter (Value + Std.Dev.)
2013 Annual™
[0} Descripticn Distance/Direction Jan-Mar . Apr-Jun Jul-Sep Oct-Dec Exposure
__MmR/year

Zone 1 TLDs: 0-3 km . 0-3km 17.1+¢ 561 16.5+ 4.8 18.4+£ 5.8 19.6+5.2 716+ 21.3
BLW BOAT LAUNCH WEST 0.11kmE 326116 33.1+1.0 355+ 2.1 344129 135.6+ 6.7
OA OVERLOOK AREA 0.15 km W 37.9+2.0 30.31+1.4 429125 43.2+ 1.7 154.3+ 24.3
TC HEALTH CLUB 0.15 km WSW 18.4£ 0.8 16.5+ 0.6 20.5+0.8 20.6+0.9 76.0+79
BLE BOAT LAUNCH EAST 0.16 km ESE 2710+ 19 317124 318+1.2 291118 1195+ 0.9
PB PEDESTRIAN BRIDGE 0.21 km N 26.2+14 . 244108 26.9+1.1 27.4+15 1049+ 5.9
P01 SHOREFRONT SECURITY { 0.22 km NNW 156.9+ 0.8 16.5+ 0.7 18.1+1.2 . 186+ 1.0 69.1+55
WS MEDICAL BUILDING 0.23 km SSE 18.6 1.2 18.2+ 0.8 200+ 1.0 21.0+1.0 77.8+55
CT PARKING LOT 0.31 km SE 19.21+1.3 18.2+ 0.6 20.9% 0.8 19.0£0.7 77.3+49
PA SHOREFRONT PARKING . | 0.35 km NNW 163+ 09 17.8+ 0.7 19.7+1.0 18.7+ 0.9 725+6.0
A STATION A 0.37 km WSW 146115 1441+ 0.8 16.5+ 0.8 189+ 0.9 64.4+ 8.6
F STATION F 0.43 km NW 150+ 0.7 14.0+0.8 16.4+ 0.7 18.8+ 1.0 64.24 8.4
EB EAST BREAKWATER 0.44 km ESE 16.0+ 09 17.5£1.0 186+ 0.7 19.01+ 0.9 71.1£57
B STATIONB. 0.44kmS 227+09 186107 21512 234112 86.2+8.7
PMT PNPS MET TOWER 1.0.44 km WNW 17.3+09 15.7+1.0 17.7+ 0.7 208+ 1.1 71.5+ 87
H STATION H 0.47 km SW ) 177114 - 16.6 £ 0.6 19.6 £ 1.0 21911 758+ 95
| STATION | 0.48 km WNW 159+1.0 13.92 0.7 16.91 0.8 19.5+ 0.9 66.2+9.5
L STATION L 0.50 km ESE 154+07 186+ 0.7 19.21 0.8 18.5+1.0 71.7+70
G STATION G 0.53km W 163+ 09 141408 16.10.7 16.2+ 0.8 61.8+4.2
D STATION D 0.54 lon NNW 185+ 0.9 155+ 0.6 17.3+ 1.0 202+1.0 715+ 8.1
PL PROPERTY LINE 0.54 km NW 154+ 0.8 15.9x0.8 166 1.1 16.8 0.9 64.7+ 3.2
C STATIONC 0.57 km ESE 16.0+ 0.8 ° 147+ 0.6 184+ 1.2 17.8+0.9 66.81 6.9
HB HALL'S BOG 0.63 km SE 146+ 08 17.3+0.6 19.1+ 1.0 Missing 679+9.2
GH GREENWOOD HOUSE 0.65 km ESE 16.4+ 0.9 17.01+ 0.7 Missing 17.7+0.8 681134
WR W ROCKY HiLL ROAD 0.83 km WNW 106+08 19.2+ 0.9 20909 208110 80.5+ 38
ER E ROCKY HILL ROAD 0.89 km SE 14.0+ 0.9 142+ 0.7 144108 15.2 £ 0.8 578+26
MT MICROWAVE TOWER 1.03 km SSW 144106 18.0+ 0.7 16.0+ 0.8 16.9+ 0.9 65.216.4
CR CLEFT ROCK 1.27 km SSW .18.310.8 175409 159+ 1.1 17.321.2 68.9+ 4.4
BD BAYSHORE/GATE RD 1.34 km WNW 149+07 | 14:810.6 16.7 £ 0.8 17.8+ 0.9 64.2+ 6.0
MR MANOMET ROAD 1.38km S 16.0+ 0.7 -15.2 + 0.6 17.4+ 0.7 203110 68.9+9.2
DR DIRT ROAD 1.48 km SW 129+ 06 11.7+ 05 13.4+ 0.6 16.8+ 1.2 548+89
EM EMERSON ROAD 1.83 km SSE 1591038 142106 16.1+0.7 16.9+ 1.0 63.1+48
EP EMERSON/PRISCILLA 1.55 km SE Missing 145+ 0.8 16.4+ 0.9 17.4+ 0.9 64.5+6.2
AR EDISON ACCESS ROAD 1.59 km SSE 13.1£0.7 12.8+0.6 14.3+ 0.7 17.2+ 0.8 57.5+8.2
BS BAYSHORE 1.76 km W 16.1+ 0.8 15.4+ 0.8 17.31 0.7 20.3+1.0 69.1+8.9
E STATION E 1.86kmS . 15.1+0.7 13.71 05 15.6 + 0.6 17.91 1.0 62317.2
JG JOHN GAULEY 1.99 kmW 154107 14.6 + 0.6 16.4+ 0.8 181+ 1.2 64.5+6.2
J STATION J 2.04 km SSE 13.5+ 0.7 13.1+ 0.5 15.1+ 1.2 17.41+ 0.8 59.2+8.0
WH WHITEHORSE ROAD 2.09 km SSE 156+ 0.6 145+ 0.5 16.2+ 0.8 17.1+08 63.4+47
RC PLYMOUTH YMCA 2.09 km WSW 14.0+ 0.6 14.01 0.6 153+ 0.7 18.8+ 1.0 62.1+9.2
K STATION K 247kmS 135106 13.1108 142+ 0.8 17.0£ 08 578171
TT TAYLOR/THOMAS 2.26 km SE 152+ 0.8 12.8+ 0.7 115.0£ 0.7 - 16.0+ 1.0 500256 |
YV YANKEE VILLAGE 2.28 km WSW 14.74 0.6 _ 14.4+ 06 - 152413 18.6+ 0.9 62.918.0
GN GOODWIN PROPERTY 2.38 km SW 11.24 0.8 10.1+ 0.6 11.5£0.5 149+ 1.0 4781 8.4
RW RIGHT OF WAY 2.83kmS 127+ 08 11.4+0.9 12.91 0.6 13.0+ 0.7 50.0+ 34
TP TAYLOR/PEARL 2.98km SE 15.0 0.7 12.6 + 0.6 15.0+ 1.4 153109 57.8+54

r,




Table 2.4-1 (continued)

Offsite Environmental TLD Resuits

TLD Station TLD Location* Quarterly Exposure - mR/quarter (Value + Std.Dev.)
2013 Annual**
D Description Distance/Direction Jan-Mar Apr-Jun Jul-Sep’ Oct-Dec Exposure
mR/year
Zone 2 TLDs: 3-8 km 3-8 km 142+23 13.0+19 148120 1591 2.0 57.8+£9.0
VR VALLEY ROAD 3.26 km SSW 142108 117+ 0.6 "14.3+09 Missing 53.6+6.2
ME MANOMET ELEM 3.29km SE 14.8+ 0.7 13.1+0.8 15.4+ 0.7 Missing 57.8+50
WC WARREN/CLIFFORD 3.31 kmW 12.7+ 0.6 12.3+ 0.7 Missing 16.91 0.9 559+ 10.5
BB RT.3A/BARTLETT RD 3.33 km SSE 14.9+0.8 13.5+0.5 14.9+ 0.6 18.1+ 1.1 614+79
MP MANOMET POINT 3.57 km SE 15.0+ 0.7 13.0+1.0 151107 149+ 0.8 57.9+43
MS MANOMET SUBSTATION 3.60 km SSE 16.91+ 06 17109 17.5+0.8 178+ 0.9 69.2+23
BW BEACHWOOD ROAD 3.93km SE 1561 0.7 12.6 £ 0.7 156+ 0.8 16.4+ 1.1 60.3+6.9
PT PINES ESTATE 4.44 km SSW 13.2+ 0.7 11.6 0.6 141+ 0.7 14.2+ 0.8 53.2+49
EA EARL ROAD 4.60 km SSE 118406 12.1+ 0.6 12.8+1.0 16.4 4 1.1 53.2+8.7
SP S PLYMOUTH SUBST 4.62 kmW 158+1.1 13.4+0.5 15.8+ 1.2 15.6+ 0.8 60.6 £ 5.1
RP RQUTE 3 OVERPASS 4.81 km SW 158+1.2 1361206 16.0+ 0.7 158+ 0.7 61.2+5.0
RM RUSSELL MILLS RD 4.85 km WSW 14.3+1.2 124+ 0.6 14.9+ 0.7 15.1+£ 0.8 56.7 +5.3
HD HILLDALE ROAD 5.18 km W 13.8+1.0 13.6+ 0.9 15.2+ 0.9 17.71 09 60.2+7.7
MB MANOMET BEACH 5.43 km SSE 15.7+0.8 134106 15.7+1.0 16.3+ 0.9 61.2+54
BR BEAVERDAM ROAD 5.52km S 15.0+£1.3 13.4+ 06 " 157+15 16.0+ 0.8 60.1+£50
PC PLYMOUTH CENTER 6.69 km W 9.7+0.7 9.9+ 06 99108 11.0+ 0.6 405+ 2.7
LD LONG POND/DREW RD 6.97 km WSW 109+ 05 14.0 + 0.6 13.7+ 0.6 16.5+09 55.2+9.2
HR HYANNIS ROAD 7.33 km SSE Missing Missing . 14.0+0.7 1501 0.7 579+ 34
SN SAQUISH NECK 7.58 km NNW 106119 9.2+ 0.4 118+ 09 128+ 0.9 446 £ 6.5
MH MEMORIAL HALL 7.58 km WNW 19.112 0.7 17.6+ 0.7 104108 19.9+ 0.9 76.0+ 4.2 .
CP COLLEGE POND 7.59 km SW 13.3+0.7 13.3+ 0.6 143+ 0.8 Missing 54.4+ 30
Zone 3 TLDs: 8-15km 8-15 km 13.8+1.1 ° 13.0x17 14.1+17 159+19 56.7+7.6
DW DEEP WATER POND 8.59 kmWwW 15.3+ 0.9 144+ 0.5 169+ 1.1 188114 65.3+ 8.0
LP LONG POND ROAD 8.88 km SSW 13.2+ 0.7 12.2+ 0.6 13.1+ 0.6 1481 0.7 53.3t45
NP NORTH PLYMOUTH 9.38 km WNW 1531 0.7 1741+ 1.0 17.3+1.0 196115 69.4+73
SS STANDISH SHORES 10.39 km NW 13.3: 0.6 1191 0.6 13.5+ 0.7 15.1+1.0 53.9+54
EL ELLISVILLE ROAD 11.52 km SSE 146+ 0.9 12.7 + 0.6 14.0+ 0.9 15.3+0.8 56.7 £ 4.6
UC UP COLLEGE POND RD 11.78 km SW 11.7+15 11.6+ 0.4 122+ 0.8 13.7+ 0.8 49.2+4.3
SH SACRED HEART 12.92 km W 14.3+ 0.8 126+ 0.8 13.81 0.6 15.7£ 0.8 56.5+54
KC KING CAESAR ROAD 13.11 km NNW 13.6 £ 0.8 121+ 0.5 ©13.42 06 15.8 + 0.8 54.8+ 6.3
BE BOURNE ROAD 13.37km S 13.4+ 0.7 12.1+ 0.5 129+ 0.5 144+1.1 52.8+4.0
SA SHERMAN AIRPORT 13.43 km WSW 13.1+ 0.6 125+ 0.7 13.5+ 0.7 158+ 1.0 54,9+ 5.9
Zone 4 TLDs: >15km >15 km 147+ 29 13.9: 3.0 15.2+26 16.4+25 60.2+ 109
CS CEDARVILLE SUBST 15.93kmS 15.8+ 0.7 13.9+06 16.3+ 0.8 173+ 1.4 63.3+6.1
KS KINGSTON SUBST 16.15 km WNW 153+08 14.3 £ 0.5 15.2+ 0.7 166+ 0.9 61.4+4.1
LR LANDING ROAD 16.46 km NNW 13.4+09 12.8+ 0.5 14.6+ 0.7 152409 56.0+ 4.6
CW CHURCH/WEST 16.56 km NW 9.1+05 85+05 10.4+ 0.9 11.7+0.7 39.7+59
MM MAINMEADOW 17.02 km WSW 144207 1343108 145+1.0 16.7+£1.3 59.01+58
DMF DIV MARINE FISH 20.97 km SSE 17.5+ 0.9 17.8+ 1.3 17.6+ 0.7 19.4+ 0.9 72.4+40
EW E WEYMOUTH SUBST 39.69 km NW _176+1.0 16.4+ 0.9 17.9+0.7 18.0+ 1.2 69.9¢3.5

* Distance and direction are measured from centerline of Reactor Building to the monitoring location.
** Annuat value is based on arithmetic mean of the observed quarterly values multiplied by four quarters/year.
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Table 2.4-2

Onsite Environmental TLD Resuits

TLD Station TLD Location* Quarterly Exposure - mR/quarter (Value + Std.Dev.)
2013 Annual**
ID Description Distance/Direction Jan-Mar Apr-Jun Jul-Sep Oct-Dec Exposure
) mR/year

Onsite TLDs

P21 O&M/RXB. BREEZEWAY 50 m SE 282+1.2 29.0+ 1.2 265+ 1.2 245+ 1.1 108.2+ 8.4
P24 EXEC.BUILDING STmW 427415 411+ 1.5 47.7+24 50.8+2.8 1824+ 18.5
P04 FENCE-R SCREENHOUSE |66 m N 365+1.3 41.2+2.0 43418 440418 165.2 + 14.1
P20 O&M - 2ND W WALL 67 m SE 27317 24.1+ 08 28.0+2.2 283+19 107.7.+ 84
P25 EXEC.BUILDING LAWN 76 m WNwW 33.9+17 43.0+2.1 43.1+25 47.4+3.2 167.4 + 23.2
P05 FENCE-WATER TANK 81 m NNE 21109 21.7+10 . 225+ 0.9 242 + 0.9 89.4+ 5.6
P06 FENCE-OIL STORAGE 85 m NE 29.411.2 294+14 303138 31.5+24 1206+ 54
P19 O&M - 2ND SW CORNER 86mS 2021 1.0 19.8+ 0.8 20.8+1.2 224+1.1 83.2+49
P18 Q&M - 1ST SW CORNER 90m S 243+14 23.5+08 2981 1.1 31.3+20 108.9 + 15.8
P08 COMPRESSED GAS STOR | 92mE 31.9+24 31.6+25 324+13 34.2+1.6 130.0+6.2
P03 FENCE-L. SCREENHOUSE 100 m NW 33.7+£12 29.0+ 09 328+1.2 35.0+24 130.5+ 10.7
P17 FENCE-EXEC.BUILDING 107 mW 510+29 429+ 3.3 525+2.1 529+19 199.3 + 19.4
P07 FENCE-INTAKE BAY 121 m ENE 25413 25.5+1.3 28.71+12 28.2+1.1 107.8+7.5
P23 O&M - 2ND S WALL 121 m SSE 260+13 234+09 27.1+14 29.2+1.4 105.8 + 10.0
P26 FENCE-WAREHOUSE 134 mESE 283+1.2 31.1+1.2 296+ 1.7 304+17 1194+ 5.7
P02 FENCE-SHOREFRONT 135 m NW 25412 235+0.8 287+ 17 29.7+1.2 107.4 + 11.8
P09 FENCE-W BOAT RAMP 136 mE 26.1+12 259+1.5 275+ 18 26:5+1.5 106.0 + 4.1
P22 O&M - 2ND N WALL 137 m SE 206+ 1.1 20.7+0.8 21.8+09 222112 853137
P16 FENCE-W SWITCHYARD 172 m SW 69.1+27 56.4+ 33 76.1+40 754150 27691 37.3
P11 FENCE-TCF GATE 183 m ESE 4011 1.7 53.0+ 1.6 51.5+ 3.0 384+18 183.0 + 30.5
P27 FENCE-TCF/BOAT RAMP 185 m ESE 218+10 23.6 + 1.1 250+ 19 23.5+13 93.9+58
P12 FENCE-ACCESS GATE 202 m SE 239+10 218+ 0.7 23.5+13 25.3+1.3 946+ 6.2
P15 FENCE-E SWITCHYARD 220m S 220%1.1 21.7+ 1.0 245+ 09 251417 . 93.2+74
P10 FENCE-TCF/INTAKE BAY 223mE 249+17 286+ 1.2 296+ 1.6 24.8+1.1 107.91+ 10.2
P13 FENCE-MEDICAL BLDG. 224 m SSE 21512 203+15 2291+14 247+14 89.4 + 8.1
P14 FENCE-BUTLER BLDG 228m $ 208+09 189+ 1.1 211109 229113 83.7+6.7
P28 FENCE-TCF/PRKNG LOT 259 m ESE 68.2+23 531+28 80.0+4.7 55.7+21 257.1 £ 50.0

* Distance and direction are measured from centerline of Reactor Building to the monitoring location.
** Annual value is based on arithmetic mean of the observed quarterly values multiplied by four quarters/year.
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Table 2.4-3

Average TLD Exposures By Distance Zone During 2013

Average Exposure + Standard Deviation: mR/period

Exposure Zone 1* Zone 2 Zone 3 Zone 4

Period 0-3 km 3-8 km 8-15 km >15 km
Jan-Mar 17.1+£5.1 14.2+23 13.8£1.1 14.7+29
Apr-Jun 16.5+4.8 13.0+1.9 13.0+1.7 13.9+ 3.0
Jul-Sep 18.4+ 5.8 14.8+2.0 . 14117 15.2+26
Oct-Dec 19.6 +5.2 159+ 2.0 15.9+1.9 16.4+ 2.5
Jan-Dec 71.6 £21.3** 57.8 £ 9.0 56.7+7.6 60.2 + 10.9

* Zone 1 extends from the PNPS restricted/protected area boundary outward to 3 kilometers (2
miles), and includes several TLDs located within the site boundary. '

~ ** When corrected for TLDs located within the site boundary, the Zone 1 annual average is
calculated to be 62.2 + 8.9 mR/yr.
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Table 2.5-1

Air Particulate Filter Radioactivity Analyses

Radiological Environmental Program Summary
Pilgrim Nuclear Power Station, Plymouth, MA
(January - December 2013)

MEDIUM: Ai jculates (AP}  UNITS: pCi eter
Indicator Stations Station with Highest Mean Control Stations
. Mean 1 Std.Dev. Station: Mean + Std.Dev. - Mean + Std.Dev.
No. Analyses | Required Range . Range Range -
Radionuclide | Non-routine” LLD Fraction>LLD Fraction>LLD Fraction>LLD
Gross Beta 563 0.01 1.3E-2 + 4.9E-3 EW: 1.4E-2 £ 5.3E-3 1.4E-2 £ 5.3E-3
V] 47E-4-3.5E-2 4.4E-3 - 3.0E-2 4 4E-3 - 3.0E-2
511/ 511 52152 . 52/52
Be-7 43 1.0E-1 1 1.9E-2 EW: 1.2E-1 + 1.9E-2 1.2E-1+ 1.8E-2
0 6.3E-2 - 1.4E-1 1.0E-1 - 1.4E-1 - 1.0E-1 - 1.4E-1
. 40/ 40 - 4/4 4/4
K-40 43 <LLD 50E-2+ 1.3E-2 5.9E-2 + 1.3E-2
0 <LLD <LLD - 5.9E-2 <lLiD-58E-2
0/40 1/4 1/4
Cs-134 43 0.05 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/40 0/40 0/4
Cs-137 43 0.06 <lLD <LLD <LLD
0 <LLD <LLD <LLD
) 0/40 0/40 0/4
Ra-226 43 <LLD " <LLD <LLD
0 <LLD <LLD <LLD
- 0/40 0/40 0/4

* Non-Routine refers to those radionuclides that exceeded the Reporting Levels in ODCM Table 3.5-4.
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Table 2.6-1
Charcoal Cartridge Radioactivity Analyses

Radiological Environmental Program Summary
Pilgrim Nuclear Power Station, Plymouth, MA
(January - December 2013)

DIUM: Charcoal sidge (CF UNITS: i/cubic m
- Indicator Stations Station with Highest Mean Contrd! Stations
Mean # Std.Dev. Station: Mean + Std.Dev. Mean # Std.Dev.
No. Analyses | Required Range Range Range
Radionuclide | Non-routine’ LLD Fraction>LLD Fraction>LLD Fraction>LLD
1-131 563 0.07 <LLD <LLD ’ <LLD
0 <LLD <LLD <LLD -
0/511 0/52 0/52

* Non-Routine refers to those radionuclides that exceeded the Reporting Levels in ODCM Table 3.5-4.
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Table 2.7-1
Milk Radioactivily_AnaIyses

Radiological Environmental Program Summary

Pilgrim Nuclear Power Station, Plymouth, MA
" (January - December 2013)

No milk sampling was performed during 2013, as no suitable indicator Ibcations for milk production
were available for sampling within 5 miles of Pilgrim Station.
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Table 2.8-1
Forage Radioactivity Analyses

'. Radiological Environmental Program Summary

Pilgrim Nuclear Power Station, Plymouth, MA
(January - December 2013)

No forage sampling was performed during 2013, as no grazing animals used for food products
were available at any indicator locations within 5 miles of Pilgrim Station.
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Table 2.9-1
Vegetable/Vegetation Radioactivity Analyses

Radiological Environmental Program Summary

Pilgrim Nuclear Power Station, Plymouth, MA
(January - December 2013)

MEDIUM: Vegetation (TF)  UNITS: pCitkgwet
Indicator Stations Station with Highest Mean Control Stations
Mean + Std.Dev. Station: Mean + Std.Dev. Mean + Std.Dev.
No. Analyses | Required Range Range Range
Radionuclide { Non-routine* LLD Fraction>LLD Fraction>LLD Fraction>LLD
Be-7 23 1.5E+3 + 8.9E+2 DMF: 3.5E+3 + 1.3E+2 2.0E+3 + 1.5E+3
0 <LLD - 2.8E+3 3.5E+3-35E+3 <LLD-3.5E+3
10/ 15 1/1 3/8
K-40 23 3.2E+3 £ 8.7E+2 Norlon: 7.7E+3 £ 25E+2 3.7E+3+2.2E+3
0 2.1E+3-53E+3 7.7E+3-7.7E+3 1.0E+3-7.7E+3
15/ 15 1/1 8/8
1-131 23 60 <LLD <LLD <LLD
0 <tLd <LLD <LLD
0/15 0/15 0/8
Cs-134 23 60 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/15 0/15 0/8
Cs-137 23 80 3.7E+1 £ 1.9E+1 Pine Hills: 6.1E+1 + 7.1E+0 9.2E+0 + 4.1E+0
0 <LLD - 6.1E+1 6.1E+1 - 6.1E+1 <LLD - 9.2E+0
4/15 1/1 1/8
Ra-226 23 48E+2 + 3.6E+2 Ply Cnty: 7.4E+2 + 1.3E+2 4.0E+2 x 2.0E+2
0 <LLD-7.4E+2 <LLD - 7.4E+2 <LLD - 5.7E+2
2/15 174 . 4/8
AcTh-228 23 2.5E+2 1 2.6E+2 Greenwood: 6.4E+2 + 3,0E+1 1.1E+2 £ 6.4E+1
0 <LLD - 6.4E+2 6.4E+2 - 6.4E+2 <lUD-1.7E+2
4/15 1/1 3/8

“ Non-Routine refers to those radionuclides that exceeded the Reporting Levels in ODCM Table 3.5-4.
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Table 2.10-1

Cranberry Radioactivity Analyses

Radiological Environmental Program Summéry
Pilgrim Nuclear Power Station, Plymouth, MA

(January - December 2013)

* Non-Routine refers to those radionuclides that exceeded the Reporting Levels in ODCM Table 3.5-4.

s
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MEDIUM; Cranberries (CB)  UNITS: pCifkg wet
Indicator Stations Station with Highest Mean Contrdl Stations
Mean t Std.Dev. Station: Mean # Std.Dev. Mean t Std.Dev.
’ No. Analyses | Required Range Range Range
Radionuclide | Non-routine* LLD- Fraction>LLD Fraction>LLD Fraction>LLD
Be-7 2 2.7E+2 £ 4.8E+1 BvdamRd: 2.7E+2 + 4 8E+1 <LLD
)] 2.7E+2-27E+2 2.7E+2 -2.7E+2 <LLD
1/1 1/1 0/1
K-40 2 8.4E+2 £ 9.2E+1 HollowBog: 9.7E+2 + 8.5E+1 9.7E+2 + 8.5E+1
0 8.4E+2 - 8.4E+2 9.7E+2-9.7E+2 9.7E+2-9.7E+2
1/1 1/1 1/1
1-131 2 60 <LLD <LLD <LLD
0 <LLD <D <1iD
0/1 0/1 0/1
Cs-134 2 60 <LLD <LLD <LLD
0 <lLD <LLD <LLD
: 0/1 0/1 0/1
Cs-137 2 . 80 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/1 - 0/1 0/1
Ra-226 2 2.3E+2+ 1.0E+2 HollowBog: 3.5€+2 ¢ 1.2E+2 " 3.5E+21 1.2E42
.0 2.3E+2-2.3E+2 3.5E+2 - 3.5E+2 3.5E+2 - 3.5E+2
171 i/1 1/1
AcTh-228 2 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/1 0/1 0/1




Table 2.12-1 ,
Surface Water Radioactivity- Analyses

Radiological Environmental Program Summa?y
Pilgrim Nuclear Power Station, Plymouth, MA
{January - December 2013)

* Non-Routine refers to those radionuclides that exceeded the Reporting Levels in ODCM Table 35-4.
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UM; ace Water (WS TS _pCilk
Radionuclide | No. Analyses | Required Indicater Stations Station with Highest Meén Contral Stations
H-3 12 3000 <LLD <LLD <LLD
0 <LLD <LLD <LLD
) 0/24 #NIA 0/4
Be-7 36 <LLD <LLD <LLD
0 <LLD <LLD <LLD
] 0/24 0/12 0/12
K-40 36 2.8E+2¢ 1.5E+2 PP: 3.9E+2 £ B.3E+1 3.9E+2 £ 8.3E+1
0 <LLD - 5.8E+2 3.0E+2-52E+2 3.0E+2-5.2E+2
20/24 12712 121142
Mn-54 36 - 15 <LLD <LLD . <LLD
0 : <LLD <LLD <LLD
. 0/24 0/12 0/12
Fe-59 36 30 <LLD <LLD <LLD
0 <UD <LLD <LLD
0/24 0/12 0/12
Co-58 36 15 <lD <LLD <LLD
[¢] <LLD - <LLD <LLD
) 0/24 0712 0/12
- |Co-60 36 15 <LLD <LLD <LLD
0 - <tlD <LLD <D
0/24 0/12 0/12
Zn-65 36 30 <LLD <LLD <LLD
0 <LLD <LLD <D
0/24 0/12 0/12
Zr-95 36 30 <LiD <I7LD <LLD
0 <LLD <LLD <LLD
0/24 0/12 0/12
Nb-95 36 15 <LLD <LLD <LLD
0 <LLD- <LLD " <LLD
: 0/24 0/12 0/12
1-131 36 15 <LLD <LLD <LLD
o] <LLD <LLD <LLD
. 0/24 0/12 0/12
Cs-134 36 15 <LLD <D <LLD
0 <LLD <LLD <LLD
0/24 0/12 0/12
-|Cs-137 36 18 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/24 0/12 0/12
Ba-140 36 60 <LLD <LLD <LLD
0 <lLLD <LLD <LLD
0/24 0/12 0/12
La-140 36 15 <LLD <LLD <LLD
0 <LLD _<LLD <LLD
0/24 0/12 0/12
Ra-226 36 9.2E+1 + 2.7E+1 PP: 9.8E+1+ 2.9E+1 9.8E+1 ¢ 2.9E+1
0 <LLD - 1.5E+2 <LLD- 1.5E+2 <LLD- 1.5E+2
18/24 9/12 9/12
AcTh-228 36 8.2E+0 ¢ 2.2E+0 DIS: 8.7E+0 £ 2.6E+0 8.4E+0 £ 3.1E+0
0 <LLD -'1.2E+1 <LLD - 1.2E+1 <LiD - 1.4E+1
8/24 5/12 9/12




Table 2.13-1
Sediment Radioactivity Analyses

Radiological Environmental Prografn Summary
Pilgrim Nuclear Power Station, Plymouth, MA

(January - December 2013)

MEDIUM: Sediment (SE)  UNITS: pCifkg dry

Control Stations

Indicator Stations Station with Highest Mean
. . Mean + Std.Dev. ' Station: Mean t Std.Dev.. - Mean + Std.Dev.
No. Analyses | Required Range . Range Range
Radionuclide | Non-routine* LLD. Fraction>LLD Fraction>LLD Fraction>LLD
Be-7 12 4.4E+2 £ 1.1E+2 Manmt PL: 4.4E+2 + 4.1E+2 <LLD
0 <lLD-4.4E+2 . <LLD - 4.4E+2 <LLD
i 1/8 112 0/4
K-40 1'_2 9.4E+3 1 1.5E+3 G Hrbr; 1.1E+4 + 5.0E+3 1.1E+4 £+ 3.0E+3
' 0  6.8E+3-12E+4 7.5E+3- 1.5E+4 7.5E+3 - 1.5E+4
: - 8/8 212 4/4
Cs-134 12 150 <LLD . <LLD <LLD
0 <LLD <LLD . <LLD
0/6 0/2 0/2
Cs-137 12 180 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/6 0/2 i 0/2
Ra-226 . 12 , 5.5E+2 + 3.6E+2 Manmt Pt: 8.7E+2 + 2.6E+2 5.1E+2 £ 4.1E+2
- 0 <LLD - 9.8E+2. <LLD-8.7E+2 i <LLD-9.6E+2
6/8 L1712 3/4 .
AcTh-228 12 4,1E+2 £ 1.2E+2 Ply Hbr: 5.2E+2 + 1.1E+2 3.9E+2 + 1.3E+2
0 <LLD-5.9E+2 ' 4.5E+2 - 5.9E+2 2.5E+2-54E+2
5/8 2/2 4/4

* Non-Routine refers to those radienuclides that excesded the Reporting Levels in ODCM Table 3.5-4.
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Table 2.14-1

Irish Moss Radio_activity Analyses -

Radiological Environmental Prbgram Summary
Pilgrim Nuclear Power Station, Plymouth, MA
(January - December 2013}

EDIUM: lris
Indicator Stations Station with Highest Mean Control Stations
Mean £ Std.Dev. Station: Mean + Std.Dev. Mean + Std.Dev. .
No. Analyses | Required Range Range Range
Radionuclide | Non-routine* LLD Fraction>LLD Fraction>LLD Fraction>LLD
Be-7 8 <LLD <LLD <LLD
: 0 <LLD <LLD <LLD
0/6 0/2 0/2
K-40 8 6.0E+3+ 1.5E+3 Elisville: 7.4E+3 + 1.8E+3 5.4E+3 + 1.9E+3
0 4.2E+3-8.7E+3 6.2E+3- 8.7E+3 4.1E+3-6.8E+3
6/6 2/2 2/2
Mn-54 8 130 <LLD <LLD <LLD
. 0 <LLD <LLD <tLD
. 0/6 0/2 0/2
Fe-59 8 260 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/6 0/2 0/2
Co-58 8 130 - <LLD <LLD <LLD
’ 0 <LLD <LLD <LLD
0/6 0/2 0/2
Co-60, 8 130 <LLD <LLD <LLD
o <D <LLD <LLD
0/6 0/2 0/2
Zn-65 8 260 - <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/6 0/2 0/2
1-131 8 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/6 0/2 0/2
Cs-134 8 130 <LLD <LLD <LLD
0 <LLD <LLD " <LLD
0/6 0/2 0/2
Cs-137 8 150 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/6: 0/2 0/2
Ra-226 8 4.2E+2 & 1.4E+2 Eliisville: 4.5E+2 + 1.6E+2 3.3E+2 % 1.4E+2
0 <LLD-4.5E+2 <LLD-4.5E+2 <LLD - 3.3E+2
2/6 1/2 1/2
AcTh-228 8 <LLD <LLD <LLD
0 <LLD <LL.D <UD
0/6 0/2 Q/2

* Non-Routine refers to those radionuclides that exceeded the Reporting Levels in ODCM Table 3.5-4.
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Table 2.15-1
Shellfish Radioactivity Analyses

Radiological Environmental Program Summary
- Pilgrim Nuclear Power Station, Plymouth, MA

{January - December 2013)

MEDIUM: Shellfish (SF) UNITS: pCi/kg wet
Indicator Stations Station with Highest Mean Control Stations
Mean # Std.Dev. Station: Mean + Std.Dev. Mean + Std.Dev.
No. Analyses | Required Range Range Range
Radionuclide | Non-routine* LLD Fraction>LLD Fraction>LLD Fraction>LLD
Be-7 10 <LLD <LLD <LLD
0 <LLD <LLD <LLD
-0/6 0/4 0/4
K-40 10 2.3E+3 £ 9.9E+2 Ply Hebr: 2. 5E+3 £ 1.1E+3 1.6E+3 £ 1.7E+3
0 1.2E+3-3.8E+3 1.5E+3 - 3.8E+3- “1.3E+2 - 3.2E+3
. 6/6 - 4/4 4/4
Mn-54 10 130 <LLD <LLD <LLD
0 <tLD <LLD <l1D
0/6 0/4 0/4
Fe-59 10 260 <LLD <LLD <LLD
0 <LLD <LLD <lLD
: 0/6 0/4 0/4
Co-58 10 130 <LLD <LLD <LLD
0 <LLD <{LD <LLD
0/6 0/4 0/4
Co-60 10 130 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/86 0/4 0/4:
Zn-65 10 260 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/6 0/4 0/4
Cs-134 10 130 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/6 0/4 0/4
Cs-137 10 150 <LLD <UD . <LLD
0 <LLD <LLD <LLD
0/6 0/4 0/4 .
Ra-226 10 5.9E+2+ 2.8E+2 Gm Hrbr: 7.3E+2 + 3.0E+2 7.3E42+ 3.0E+2
: 0 <LLD - 5.9E+2 <LLD - 7.3E+2 <LLD - 7.3E+2
1/6 172 174
AcTh-228 10 <LLD <LLD <lLD
0 <LLD <LLD <LLD
0/6 0/4 0/4

* Non-Routine refers to those radionuclides that exceeded the Repoﬂ_ing Levels in ODCM Table 3.5-4.
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Table 2.16-1
Lobster Radioactivity Analyses

Radiological Environmental Program Summary
Pilgrim Nuclear Power Station, Plymouth, MA
(January - December 2013)

MEDIUM: American Lobster (HA) UNITS: _pCitkg wet
Indicator Stations Station with Highest Mean Control Stations
Mean t Std.Dev. Station: Mean & Std.Dev. . Mean t Std.Dev.
No. Analyses | Required Range Range Range
Radionucfide | Non-routine* LLD Fraction>LLD Fraction>LLD Fraction>LLD
Be-7 5 <LLD <LLD <LLD
0 <LLD <LLD <LLD
) 0/4 0/4 0/1
K-40 5 2.8E+3 1+ 5.4E+2 DiS: 2.8E+3 + 5.4E+2 1.7E+3 £ 2.4E+2
0 2.1E+3-3.4E+3 2.1E+3-34E+3 1.7E+3-1.7E+3
4/4 414 11
Mn-54 . 5 130 <LLD . <LLD <LLD
’ 0 <LLD . <LLD <LLD
0/4 0/4 0/1
Fe-59 5 260 <LLD <LLD <LLD
0 <LLD <LLD <LLD
: 0/4 0/4 0/1
Co-58 5 130 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/4 0/4 0/1
Co-60 5 130 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/4 0/4 0/1
Zn-65 5 260 <LLD <LLD <LLD
0 <LLD <tLD <LLD
0/4 0/4 0/1
Cs-134 5 130 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/4 074 0/1
Cs-137 5 150 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/4 0/4 0/1
Ra-226 5 6.7E+2 £ 2.3E+2 DIS: 6.7E+2+ 2.3E+2 5.4E+2 + 3.0E+2
0 <LLD - 7.0E+2 <LLD- 7.0E+2 5.4E+2 - 54E+2
2/4 2/4 1/1
ACTh-228 5 <LLD <LLD <D
0 <LLD <LLD <LLD
0/4 0/4 0/1

* Non-Routine refers to those radionuclides that exceeded the Reporting Levels in ODCM Table 3.5-4.
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Table 2.17-1
Fish Radioactivity Analyses

Radiological Environmental Program Summary
Pilgrim Nuclear Power Station, Plymouth, MA
(January - Deqember 2013)

MEDIUM: Fish (FH) _UNITS: pCikgwet
_Indicator Stations Station with Highest Mean " Conlro! Stations
' Mean # Std.Dev. Station: Mean t Std.Dev. Mean t Std.Dev.
No. Analyses | Required Range Range Range
Radionuclide | Non-routine* LLD Fraction>LLD Fraction>LLD Fraction>LI;!__3
Be-7 8 ) <LLD <LLD <tLLD
0 <LLD <LLD <LLD
0/5 0/5 0/4
K-40 8 4.8E+3 ¢ 8.1E+2 DIS: 48E+3% 8.1E+2 4.5E+3 £ 5.2E+2
0 3.9E+3-5.7E+3 3.9E+3-57E+3 3.9E+3-49E+3
4/4 414 4/4
Mn-54 8 130 <D <LLD <LLD
0 <LLD <LLD <LLD
0/5 0/5 0/4
Fe-59 8 260 - <LLD <LLD <LLD
0 <LLD <LLD <LLD
/ 0/5 0/5 0/4
Co-58 8 130 <LLD <LLD <LLD
[ <LLD <LLD <LLD
0/5 0/5 0/4
Co-60 8 130 <LLD <o <LLD
0 <LLD <LLD <LLD
0/5 0/5 0/4
Zn-65 8 260 <LLD <LLD <LLD
0 <LLD ' <LLD . <LLD
0/5 0/5 0/4
Cs-134 8 130 <LLD <LLD <LLD
0 <tLD <LLD <LLD
0/5 0/5 0/4
Cs-137 8 150 <LLD <LLD <LLD
0 <lLD <LLD <LLD
0/5 . 0/5 . 0/4
Ra-226 .8 1.3E+3 £ 5.7E+2 DIS: 1.3E+3 £ 5.7E+2 8.1E+2 1 1.8E+2
0 <LLD- 1.7E+3 <LLD - 1.7E+3 <LLD- 8.8E+2
2/4 2/4 3/4
AcTh-228 8 <LLD <LLD <LLD
0 <LLD <LLD <LLD
0/5 015 0/4

* Non-Routine refers to those radicnuclides that exceeded the Reporting Levels in ODCM Table 3.5-4.
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_ Figure 2.2-1
" Environmental TLD Locations Within the PNPS Protected Area

TLD Station ~__Location*

Description i . Code Distance/Direction
TLDs Within Protected Area o \
O&M/RXB. BREEZEWAY P21 50 m SE
EXEC.BUILDING P24 - 57 m W
FENCE-R SCREENHOUSE P04 66'm N
O&M - 2ND W WALL P20 - - 67 m SE
EXEC.BUILDING LAWN - P25 | 76 m WNW
FENCE-WATER TANK P0S 81 m NNE
FENCE-OIL STORAGE . - | P06 .8 m NE
Q&M - 2ND SW CORNER. P19 86'm S°
(O&M -1STSWCORNER |P18 | 90m S
COMPRESSED GAS STOR | P08 2mE
FENCE-l. SCREENHOUSE P03 100 m NW
FENCE-EXEC.BUILDING 1P17 107 m W
Q&M - 2ND S WALL - | P23 121.-m ENE
FENCE-INTAKE BAY PO7 121 m SSE
FENCE-WAREHOUSE - P26 ' | 134 m ESE
FENCE-SHOREFRONT - | P02 135 m NW
FENCE-W BOAT RAMP - | P09 136 m E
O8&M - 2ND N WALL - P22 137 m SE
FENCE-W SWITCHYARD P16 |172 m SW

; FENCE-TCF GATE . P11 183 m ESE
FENCE-TCF/BOAT RAMP P27 185 m ESE
FENCE-ACCESS GATE P12 202 m SE
FENCE-E SWITCHYARD Pi5 |220m S
FENCE-TCF/INTAKE BAY P10 223 m E
FENCE-MEDICAL BLDG. P13 224 m SSE
FENCE-BUTLER BLDG P14 228 m S
FENCE-TCF/PRKNG LOT P28 259 m ESE

* Distance and direction are measured from centerline of Reactor Building to the monitoring location.
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Figure 2.2-1 (continued)
Environmental TLD Locations Within the PNPS Protected Area
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Figure 2.2-2

TLD and Air Sampling Locations: Within 1 Kilometer

TLD Station Location* - o Air Sampling Station . Location*

Description. Code | Distance/Direction Description - ‘Code Distance/Direction
BOAT LAUNCH WEST BLW |0.11 km .E OVERLOOK AREA OA |015 km W
'OVERLOOK AREA OA |0.15 km W PEDESTRIAN BRIDGE PB 021 km N
HEALTH CLUB TC 0.15 km WSW MEDICAL BUILDING ws 0.23 km SSE
BOAT LAUNCH EAST BLE |0.16 km ESE EAST BREAKWATER EB 0.44 km - ESE
PEDESTRIAN BRIDGE PB 021 km N PROPERTY LINE : PL 0.54 km NNW
SHOREFRONT SECURITY PO1 0.22 km NNW W ROCKY HILL ROAD - WR 0.83 km WNW
MEDICAL BUILDING WS 023 km SSE ' [ E ROCKY-HILL ROAD ER 1089 km SE
PARKING LOT * CT. 0.31 km SE ’ ’ :

SHOREFRONT PARKING PA 10.35 km NNW

STATION A A 0.37 km WSW

STATIONF F 1043 km NW

STATION B B 0.44 km S

EAST BREAKWATER EB 0.44 km ESE

PNPS MET TOWER PMT 044 km WNW

‘STATIONH H 0.47 km SW

STATION | | 048 km WNW .

STATION L L 0.50 km ESE

STATION G . G 053 km W

STATIOND D 0.54 km NwW

PROPERTY LINE PL 0.54 km NNW

STATIONC C' 1057 km ESE

'HALL'S BOG HB8 0.63 km SE-
.| GREENWOOD HOUSE GH 0.65 km ESE

W ROCKY HILL ROAD - WR 0.83 km WNW

E ROCKY HILL ROAD ER 0.89 km SE
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Figure 2.2-2 (continued)

TLD and Air Sampling Locations: Within 1 Kilometer
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Figure 2.2-3

TLD and Air Sampling Locations: 1 to 5 Kilometers

TLD Station Location* Air Sampling Station Location*
Description Code ] Distance/Direction Description Code Distance/Direction
Zone 1 TLDs: 0-3km )
MICROWAVE TOWER MT 1.03 km 'SSW CLEFT ROCK CR 1.27 km SSW
CLEFT ROCK CR 1.27 km SSW MANOMET SUBSTATION MS 3.60 km SSE
BAYSHORE/GATE RD BD 1.34 km WNW
MANOMET ROAD ’ ‘MR 138 km S
DIRT ROAD DR 1.48 km SW
EMERSON ROAD EM 1.53 km SSE
EMERSON/PRISCILLA EP 1.55 km SE
EDISON ACCESS ROAD AR 1.59 km SSE
BAYSHORE BS 176 km W
STATIONE 13 186 km S
JOHN GAULEY JG 1.99 km W
STATION J J 204 km SSE
WHITEHORSE ROAD WH 2.09 km SSE
PLYMOUTH YMCA RC 2.09 km WSW
STATION K K 217 km S
TAYLOR/THOMAS TT 226 km SE
YANKEE VILLAGE Yv 228 km WSW
GOODWIN PROPERTY GN 2.38 km SW
RIGHT OF WAY RW 283 km S
TAYLOR/PEARL TP 298 km SE =
Zone 2 TLDs: 3-8 km '
VALLEY ROAD VR 3.26 km SSW
MANOMET ELEM ME 329 km SE
WARREN/CLIFFORD wc 3.31 km W
RT.3A/BARTLETT RD BB 3.33 km SSE
MANOMET POINT MP 3.57 km SE
MANOMET SUBSTATION MS 3.60 km SSE
BEACHWOOD ROAD BW 393 km SE
PINES ESTATE PT 4.44 km SSW
EARL ROAD EA 460 km SSE
S PLYMOUTH SUBST SP 462 km W
ROUTE 3 OVERPASS RP 4.81 km SW
RUSSELL MILLS RD RM 4.85 km WSW

* Distance and direction are measured from centerline of Reactor Building to the monitoring location.
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Figuré 2.2-3 (continued)

1 to 5 Kilometers

TLD and Air Sampling Locations
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Figure 2.24

TLD and Air Sampling Locations: 5 to 25 Kilometers

TLD Station i Location* Air Sampling Station Location* -
‘Description ~ ~ . Code | Distance/Direction _ {| Description - Code | Distance/Direction
HILLDALE ROAD HD 5.18 km_ W PLYMOUTH CENTER PC 6.69 km W
MANOMET BEACH : " MB 543 km SSE . . ' o
BEAVER DAM ROAD BR 552 km S
PLYMOUTH CENTER PC 6.69 km W
LONG POND/DREW RD LD 6.97 km ‘WSW-

HYANNIS ROAD HR | 7.33 km SSE

MEMORIAL HALL MH 7.58 km WNW

SAQUISH NECK SN 7.58 km NNW

COLLEGE POND CP_| 750 km SW

Zone 3TLDs: 8-15km

DEEP WATER POND DW -1 859 km W

LONG POND ROAD LP | 888 km SSwW -

NORTH PLYMOUTH NP 1 038 km WNW
STANDISH SHORES SS 10.39 km NW

ELLISVILLE ROAD . EL | 11.52 kim SSE

UP COLLEGE POND RD uc 11.78 km SW

SACRED HEART SH 1292 km W

KING CAESAR ROAD - KC 13.11 km NNW . '
BOURNE ROAD ) . BE 1337 km S . "
SHERMAN AIRPORT SA 13.43 km WSW

Zoned TLDs:. >15km

CEDARVILLE SUBST CcsS 1593 km S

KINGSTON SUBST KS 16.15 km WNW

.LANDING ROAD ' LR | 1646 km NNW--
CHURCH/WEST Ccw 16.56 km NW'
MAIN/MEADOW . MM 17.02 km WSW .
DIV MARINE FISH DMF ] 20.97 km SSE

* Distance an&_direction are measured from centerline of Reactor Building to the monitoring location.
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Figure 2.2-4 (continued)

5 to 25 Kilometers

TLD and Air Sampling Locations
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Figure 2.2-5

Terrestrial and Aquatic Sampling Locations

Distance/Direction*

Description Code ' Distance/Direction® | Description Code

EQRAGE _ SURFACE WATER

Plymouth County Farm CF 56 km W Discharge Canal DiS 02 km N

Bridgewater Control BF 31 km W Bartlett Pond' BP 2.7 km SE

Hanson Farm Control HN 34 km W Powder Point Control PP 13 kn NNW
SEDIMENT
Discharge Canal Ottfall DIS 0.8 km NE:
Plymouth Beach PLB 4.0 km W

) o . Manomet Point MP 3.3 km ESE

VEGETABLES/VEGETATION Plymouth Harbor PLY-H 41 km W

Site Boundary C BC 0.5 km SW Duxbury Bay Control DUX-BAY 14 km NNW

Site Boundary B BB 0.5 km ESE Green Harbor Control GH 16 km NNW

Rocky Hill Road RH 09 km SE

Site Boundary D Bd 11 km S IRISH MQSS .

Site Boundary A BA 1.5 km SSW Discharge Canal Outfall DIS 0.7 km NNE

Clay Hill Road CH 1.6 km W Manomet Point MP 4.0 km ESE-

Brook Road BK 29 m SSE Ellisville EL 12 kmm SSE

Beaver Dam Road BD 34m S Brant Rock Control BK - 18 km NNW

Plymouth County Farm CF 56 km W

Hanson Farm Control HN 34 km W SHELLFISH )

Norton Control NC 50 km W Discharge Canal Outfall DIS 0.7 km NNE
Plymouth Harbor PLY-H 4.1 km W

CRANBERRIES Manomet Paint MP 4.0 km ESE

Bartlett Road Bog BT 43 km SSE Duxbury Bay Control DUX-BAY 13 km NNW

Beaverdam Road Bog MR 34 km-S Powder Point Control PP 13 km NNW

Hallow Farm Bog Control HF 16 km WNW Green Harbor Contro! GH 16 km NNW
LOBSTER
Discharge Canal Outfall DIs 05 km N
Plymouth Beach PLB 40 km W
Plymouth Harbor PLY-H 6.4 km WNW
Duxbury Bay Control DUX-BAY 11 km NNW
EISHES )
Discharge Canal Outfall . DIS 05 km N
Plymouth Beach PLB 4.0 km W
Jones River Control JR 13 km WNW
Cape Cod Bay Control CC-BAY 24 km ESE
N River-Hanover Control NR 24 km NNW
Cataumet Control CA 32 km SSW
Provincetown Control PT 32 km NE
Buzzards Bay Control BB 40 km SSW
Priest Cove Contro! PC 48 km SW
Nantucket Sound Control” NS 48 km SSE
Atiantic Ocean Control AC 48 km E
Vineyard Sound Control MV - 64 km SSW
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'Figure 2.2-5 (continued)

Terrestrial and Aquatic Sampling Locations
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Figure 2.2-6

Environmental Sampling And Measufemeht Control Locations

Description

Code Distance/Direction* | Description . Code Distance/Direction®
Cedarville Substation cs 16 km S. Powder Point Control PP 13 km NNW
Kingston Substation KS 16 km WNW
LandingRoad AR 16 km NNW SEDIMENT . .
Church & West Street Ccw 17 km Nw Duskbury Bay Control - DUX-BAY 14 km NNW
Main & Meadow Street MM 17 km WSW Green Harbor Control GH 16 km NNW
Div. Marine Fisheries DMF 21 km SSE .
East Weymouth Substation EW 40 km NwW' IRISH MOSS
) Brant Rock Contro BK 18 km NNW
AR SAMPLER :
East Weymouth Substation EW 40 km NW SHELLFISH .
' Duxbury Bay Control DUX-BAY 13 km NNW
FORAGE Powder Point Control PP 13 km NNW
Bridgewater Control BF 31 km W Green Harbor Control GH 16 km NNW
Hanson Farm Control HN 34 km W
VEGETABLES/VEGETATION . Duxbury Bay Contro! DUX-BAY 11 km NNW'
Hanson Farm Control HN 34 km W . : :
Norton Control NC 50 kn W EISHES
Jones River Control JR 13 km WNwW
] : Cape Cod Bay Control CC-BAY 24 km ESE
Q_BAN&EBBIES N River-Hanover Control NR 24 km NNwW
Holtow Farm Bog Control HF - 16 km WNW Cataumet Control CA 32 km SSwW
) ' ' -Provincetown Control PT 32 km NE
Buzzards Bay Control BB 40 km SSW
Priest Cove Control PC 48 km SW
Nantucket Sound Contrat NS - 48 km SSE
| Atlantic Ocean Control AO- 48 km E
Vineyard Sound Control MV 64 km SSW

* Distance and direction are measured from the centerline of the reactor to the sam pling/monitoring location.

.
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Figure 2.2-6 (continued)

Environmental Sampling And'Measurerhent Control Locations
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picoCuries/cubib meter

Airborne Gross-Beta Radioactivity Levels
Near-Station Monitors
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Figure 2.5-1

Alrborne Gross-Beta Radloactnwty Levels: Near Station Monitors
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picoCuries/cubic meter

Airborne Grosé—Beta Radioactivity Levels

Property Line Monitors
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Airborne Grqss-Beta Radioactivity Levels: Property Line M_o_nitors
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picoCuries/cubib meter

Airborne Gross-Beta Radioactivity Levels
Offsite Monitors
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Airborne Gross-Beta Radioactivity Levels: Offsite Monitors
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3.0 SUMMARY OF RADIOLOGICAL IMPACT ON HUMANS

The radiological impact to humans from the Pilgrim Station's radioactive liquid and gaseous releases
has been estimated using two methods:

o calculations based on measurements of plant effluents; and
». calculations based on measurements of environmental samples.
The first method utilizes data from the radioactive effluents’ (measured at the point of release)
together with conservative models that calculate the dispersion and transpoit of radioactivity through
the environment to humans (Reference 7). The second method is based on actual measurements of
radicactivity in the environmental samples and on dose conversion factors recommended by the
Nuclear Regulatory Commission. The measured types and quantities of radioactive liquid and
-gaseous effluents. released from Pilgrim Station during 2013 were reported to the Nuclear
Regulatory Commission, copies of which are provided in Appendix B. The measured levels of
_ radioactivity in the environmental samples that required dose calculations are listed in Appendix A.

The maximum individual dose from liquid effluents was calculated using the followrng radiation
exposure pathways: . }

« ‘shoreline external radiation during fishing and recreation at the Pilgrim Station Shorefront;
* extemal radiation from the ocean durlng boating and swimming; and
" e ingestion of fish and shellfish:

For gaseous efﬂuents the maximum rndrvrdual dose was calculated usrng the followrng radratlon
exposure pathways: ' .

¢ extemnal radiation from cloud shrne and submersion in gaseous effluents
* inhalation of airborne radioactivity;
s extemal radiation from soil deposition;
* “consumption of vegetables; and
. consumption of milk and meat.
The results from the dose calculatrons based on PNPS operations are presented in Table 3.0-1.

The dose assessment data’ presented were taken from the "Radioactive Effluent Release Report" for
the period of January 1 through December 31, 2013 (Reference 17).
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Table 3.0-1-

: "R,adi_ation Doses from 2013 Pilgrim Station Operations

Maximum Individual Dose From Exposure Pathway - mrem/yr
Gaseous Liquid ~ Ambient :
Receptor _ Efﬂuents Effluents Radiation** Total
Total Body ' © 0.032 0.0027 ' 0.43 - 047
Thyroid:- 0.037 0.00027 0.43 : 0.47
Max. Organ . 0.066 0.0021 043 0.50 -

* Gaseous effluent exposure pathway includes combined dose from partic'ulates, iodines and tritiuh
in addition to noble gases, calculated at the nearest residence..

** Ambient radlatlon dose for the hypothetical maximum-exposed individual at a Iocatlon on PNPS
property-yielding-highest ambient radiation exposure value as measured with TLDs.

Two federal agencies establish dose limits to protect the public from radiation and radioactivity. The
Nuclear Regulatory Commission (NRC) specifies a whole body dose limit of 100 mrem/yr to be
received by the maximum exposed member of the general public. This limit is set forth in Section
1301, Part 20, Title 10, of the U.S. Code of Federal Regulations (10CFR20).. By-comparison, the
Environmental Protection Agency (EPA) limits the annual whole body dose to 25 mrem/yr, which is
specified in Section 10, Part 190, Title 40, of the Code of Federal Regulations (40CFR190).

Another useful "gauge” of radiation expo'sure is provided by the amount of dose a typical individual
receives each year from natural and man-made sources of radiation. Such radiation doses are
summarized in Table 1.2-1. The typical American receives about 620 mrem/yr from such sources.

As can be seen from the doses resulting from Pilgrim Station Operations during é013, all values are -
well within the federal limits specified by'the NRC and EPA. In addition, the calculated doses from
PNPS operation represent only a fraction of a percent of doses from natural and man-made
radiation. . .

In conclusion, the radiological impact of Pilgim Station -operations, whether based on actual
environmental measurements or calculations made from effluent releases, would yield doses well
within any federal dose limits set by the NRC or EPA. Such doses represent only a small
percentage of the typlcal annual dose received from natural and man- made sources of radiation.
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APPENDIX A
SPECIAL STUDIES

There were no environmental samples collected during 2013 that contained plant-related radioactivity.
Therefore, no special studies were required to estimate dose from plant-related activity.
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APPENDIX B’

Effluent Release Information
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Table B.1

Pilgrim Nuclear Power Station
Annual Radioactive Effluent Release Report
Supplemental Information
January-December 2013

FACILITY: PILGRIM NUCLEAR POWER STATION

LICENSE: DPR-35

1. REGULATORY LIMITS

a. Fission and activation gases:

500 mrem/yr total body and 3000 mrem/yr for skin
at site boundary

b.c. lodines, particulates with haif-life:
>8 days, tritium

1500 mrem/yr to any organ at site boundary

d. Liquid effluents:

0.06 mrem/month for whole body and
0.2 mrem/month for any organ

2. EFFLUENT CONCENTRATION LIMITS

(without radwaste treatment)

a. Fission and activation gases:

10CFR20 Appendix B Table Il

b. lodines:

10CFR20 Appendix B Table I

c. Particulates with half-life > 8 days:

10CFR20 Appendix B Table Il

d. Liquid effluents:

2E-04 pCi/mL for entrained noble gases;
10CFR20 Appendix B Table i values for all other
radionuclides

3. AVERAGE ENERGY

Not Applicable

4. MEASUREMENTS AND APPROXIMATIONS OF TOTAL RADIOACTIVITY

a. Fission and activation gases:

High purity germanium gamma spectroscopy for all

b. lodines:

gamma emitters; radiochemistry analysis for H-3,

c. Particulates:

Fe-55 (liquid effluents), Sr-89, and Sr-90

d. Liquid effluents:

5. BATCH RELEASES - Jan-Mar Apr-Jun Jul-Sep Oct-Dec . | Jan-Dec
: 2013 2013 2013 2013 2013
a. Liquid Effluents . _ _
1. Total number of releases: 5.00E+00 1.20E+01 N/A 4.00E+00 | 2.10E+01
2. Total time period {minutes):. 6.20E+02 1.18E+03 N/A 2.36E+03 | 4.16E+03
B . m ime period 1.70E+02 | 122E+02 | NA | 6.35E+02 | 6.35E+02
4. Average time period (mmutes) 1.26E+02 | 9.81E+01 N/A 5.89E+02 2.71E+02
5. Minimum time period (minutes). | 9.90E+01 7.50E+01 N/A 5.20E+02 7.50E+01
6. Average stream flow .
during periods of release of
effluents into a flowing stream 1.20E+06 9.39E+05 N/A 1.17E+06 1.11E+06
(Liters/min):
b. Gaseous Effluents None None None None None
6. ABNO RELEASES
a. Liquid Effluents None None None None None
"b. Gaseous Effluents None None None None None
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Table B.2-A

Piigrim Nuclear Power Station
Annual Radioactive Effluent Release Report
Gaseous Effluents - Summation of All Releases
January-December 2013

Percent of Effluent Control Limit*

. Est. '
RELEASE PERIOD Jan-Mar Apr-Jun ~Jul-Sep Oct-Dec Jan-Dec Total
. 2013 2013 2013 2013 2013 Error

A. FISSION AND ACTIVATION GASES
Total Release: Ci 0.00E+00 | 0.00E+00 | 2.91E-01 ] 0.00E+00 | 2.91E-01
Average Release Rate: uCi/sec | 0.00E+00 | 0.00E+00 | 3.69E-02 | 0.00E+00 | 9.23E-03 | +22%
Percent of Effluent Control Limit* -t * * * *
B, IODINE-131
Total lodine-131 Release: Ci 1.84E-04 | 9.29E-05 | 5.91E-05 | 1.71E-04 | 5.08E-04
Average Release Rate: uCi/sec 2.34E-05 | 1.18E-05 | 7.50E-06 | 2.17E-05 | 1.61E-05 | +20%
Percent of Effluent Control Limit* * . * * >
C. PARTICULATES WITH HALF-LIVES > 8 DAYS

. Total Release: Ci 2.78E-04 | 1.72E-04 | 5.50E-05 | 1.62E-04 | 6.67E-04
Average Release Rate: uCilsec 3.53E-05 | 2.18E-05 | 6.97E-06 | 2.05E-05 | 2.12E-05 +21%
Percent of Effluent Control Limit* * * * * * °
Gross Alpha Radioactivity: Ci NDA NDA NDA NDA NDA
D. TRITIUM
Total Release: Ci 6.24E+00 | 6.44E+00 | 2.34E+01 | 2.79E+01 | 6.40E+01
Average Release Rate: nCi/sec 7.91E-01 | 8.17E-01 | 2.97E+00 | 3.53E+00 | 2.03E+00 | +20%
Percent of Effluent Control Limit* * * * * * '
E. CARBON-14
Total Release: Ci 1.51E+00 | 9.73E-01 | 1.90E+00 | 1.87E+00 | 6.26E+00

| Average Release Rate: nCi/sec 1.91E-01 | 1.23E-01 | 2.41E-01 | 2.38E-01 | 1.98E-01 N/A

Noteé for Tabie B.2-A:

* Percent of Effluent Control Limit values based on dose assessments are provided in Section 6 of this report.

1. NDA stands for No Detectable Activity.
2. LLD for airborne gross alpha activity listed as NDA is 1E-11 uCi/cc.

3. N/A stands for not applicable.
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Table B.2-B
Pilgrim Nuclear Power Station
Annual Radioactive Effiuent Release Report
Gaseous Effluents — Elevated Release
January-December 2013

CONTINUOUS MODE RELEASES FROM ELEVATED RELEASE POINT

Nuchde Released [ Jan-Mar 2013 | Apr-Jun 2013 | Jul-Sep 2013 | Oct-Dec 2013 [ Jan-Dec 2013
1, FISSION AND ACTIVATION GASES: Ci .
Ar-41 ' 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Kr-85 ' 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Kr-85m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Kr-87 . 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Kr-88 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Xe-131m 0.00E+00 _0.00E+00 0.00E+00 0.00E+00 0.00E+00
Xe-133 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Xe-133m 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Xe-135 0.00E+00 0.00E+00 2.91E-01 0.00E+00 2.91E-01
Xe-135m 0.00E+00 - 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Xe-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Xe-138 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Total for Period 0.00E+00 0.00E+00 2.01E-01 0.00E+00 2.91E-01
2. IODINES: Ci :
131 1.24E-05 1.52E-06 4.34E-06 3.90E-06 2.21E-05
1-133 1 14E-05 0.00E+00 '0.00E+00 0.00E+00 1.14E-05
Total for Period 3.38E-05 152606 | 4.34E-06 3.00E-06 3.35E-05
3. PARTICULATES WITH HALF-LIVES > 8 DAYS: Ci _ '
Cr-51 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Mn-54 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Fe-59 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Co-58 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Co-60 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
7n65 _ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
~5r-89 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Sr-90 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ru-103 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cs-134 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ba/La-140 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Total for Period _ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
| 4. TRITIUM: Ci ’ '
H-3 T 153E-02 | 20976-02 | 530E-02 | 3.776-02 ] _ 1.36E-01
5. CARBON-14: Ci
C-14 | 146E+00 | 943E-01 | 185E+00 | 1.82E+00 | 6.07E+00

" Notes for Table B.2-B:

1. NJ/A stands for not applicable.

2. NDA stands for No Detectable Activity.

3. LLDs for airborne radionuclides listed as NDA are as follows:
Fission Gases:: 1E-04 uCi/cc
lodines: 1E-12 uCilcc -
Particulates: 1E-11 uCilce
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Table B.2-B (continued).

Pilgrim Nuclear Power Station
Annual Radioactive. Effluent Release Report
Gaseous Effluents ~ Elevated Release
January-Decem ber 2013

BATCH MODE RELEASES FROM ELEVATED RELEASE POINT .

Nuclide Released | Jan-Mar 2013 | Apr—Jun 2013 | Jul-Sep 2013 | Oct-Dec2013 | Jan-Dec 2013
1. FISSION AND ACTIVATION GASES: Ci
Ar-41 , NA _NA NA NA _NA
K85 NA___ |  NA N/A NA | NA
Kr-85m : NA — NA WA —NA A
Kr-87 X /A N/A A NA | NA
"Kr-88 NA — NA_ N/A A T NA
Xe-131m _NA__- N/A /A TNA T NA
[Xe33 NA NIA N/A NA_ | NA
"Xe-133m _ NA___ N/A —NA —NA A
Xe-135 -_ “NA “N/A WA — NA /A
Xe-135m - N/A — NA —NA —_NA N/A
Xe-137 - NA N/A NA_ | NA —NA
Xe138 . NA __NA —_NA NA N/A
Total for period - " NA _NA__ | " NA — WA | NA
2. IODINES: Ci o _ _
31 ' —_NA NA NA NA NA_
133 . NA N/A NA | NA T NA
Toialforperiod 1 WA NA T NA NA___ | NA
| 3. PARTICULATES WITH HALF-LIVES>BDAYS ci o o
Cr51__ A —__NA WA NA NA
Mn-54 N T N/A N/A — NA__ | WA
Fe59 /A NA NA “NA NA
Co58 _ NA___ | NA T NA NA —NA
Co60 - NA__ |  NA NA | NA “N/A
- [Zn65 ' N/A ___NA __NA —NA__ | NA
[sr89 NA N/A NA —NA NA
Sr90__ — NA —_NA N/A — NA__ "NIA_
[Ru-103__~ ' NA /A NA —NA_ NA
Cs134__ T NA N/A — NA NA - "NA
Csi37 A —NA NA NA NA
BalLa-140 - - NA /A N/A _NA_ NA
Tolal for period WA NA — WA NA A
4. TRITIUM: Ci ' _ ' ' '
A3 T NA T NA T WA ] NA | WA
5. CARBON-14: Ci . ' '
C-14 1 NA T NA T NA | WA T NA

Notes for Table B.2-B:

1. N/A stands for not applicable.
2. NDA stands for No Detectable Actlwty
3. LLDs for airborne radionuclides listed as NDA are as follows
Fission Gases: 1E-04 uCi/cc
- -lodines: 1E-12 uCi/cc
Particulates: ~ 1E-11uCi/cc
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. Table B.2-C
Pilgrim Nuclear Power Station
Annual Radioactive Effluent Release Report
Gaseous Effluents — Ground-Level Release
January-December 2013

CONTINUOUS MODE RELEASES FROM GROUND-LEVEL RELEASE POINT
Nuclide Released | Jan-Mar 2013 | Apr-Jun 2013 | Jul-Sep 2013 | Oct-Dec 2013 | Jan-Dec 2013
1. FISSION AND ACTIVATION GASES: Ci
Ar-41 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Kr-85 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Kr-85m 0.00E+00 0.00E+00 0.00E+00 0.00E+G0 0.00E+00
Kr-87 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Kr-88 0.00E+00 0.00E+00 - 0.00E+00 0.00E+00 0.00E+00
Xe-131m 0.00E+00 __0.00E+00 0.00E+00 0.00E+00 0.00E+00
Xe-133 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0D
“Xe-133m 0.00E+00 0:00E+00 0.00E+00 0.00E+00 0.00E+00
Xe-135 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Xe-135m 0.00E+00 0.00E+00 - 0.00E+00 0.00E+00 0.00E+00
Xe-137 0.00E+00 0.00E+00 ~ 0.00E+00 0.00E+00 0.00E+00
Xe-138 g 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
[Towifor peribd_ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2. IODINES: Ci - ' .
1131 1.72E-04 9.14E-05 . 5.48E-05 " 1.68E-04 4.85E-04
1-133 6.23E-04 1.39E-04 1.80E-04 521E-04 1.46E-03
Total for period 7.94E-04 ' 2.30E-04 2.35E-04 6.89E-04 1.95E-03
3. PARTICULATES WITH HALF-LIVES > 8 DAYS: Ci '
Cr-51 0.00E+00 2.10E-05 0.00E+00 0.00E+00 2.10E-05
Mn-54 2.84E-06 1.56E-05 5.08E-06 1.42E-05 3.77E-05 .
Fe-59 ~0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Co-58 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Co-60 - 0.00E+00 6.34E-05 1.63E-05 2.74E-05 1.07E-04
Zn-65 . 0.00E+00 1.73E-05 0.00E+00 6.14E-06 2.34E-05
Sr-89 . 0.00E+00 0.00E+00 . 1.02E-05 - 1.96E-05 2.98E-05
Sr-90 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ru-103 , 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cs-134 . 0.00E+00 0.00E+00 .0.00E+00. 0.00E+00 0.00E+00
Cs-137 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ba/La-140 2.75E-04 5.47E-05 2.34E-05 9.45E-05 4.48E-04
Total for period 2.78E-04 1.72E-04 5 50E-05 162E-04 | 6.67E-04
4. TRITIUM: Ci ' _
H-3 T 6.22E+00 | 6.41E+00 |  2.34E+01 |  2.78E+01 | _ 6.38E+01
5. CARBON-14: Ci
C-14 . | 45302 | 202602 | 6571E-02 | 662602 [ 1.88E-01

Notes for Table B.2-C:

1. NJ/A stands for not applicable.
2. NDA stands for No Detectable Activity.
3. LLDs for airborne radionudlides listed as NDA are as follows
Fission Gases: 1E-04 pCifcc
lodines: - 1E-12 pCifcc
. Particulates: 1E-11 uCifce
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Table B.2-C (continued)
‘ Pilgrim Nuclear Power Station
"’ Annual Radioactive Effluent Release Report
Gaseous. Effluents ~ Ground-Level Releasé
January-December 2013

BATCH MODE RELEASES FROM GROUND-LEVEL RELEASE POINT
Nuclide Released - 1 Jan-Mar2013 | Apr-Jun2013 | Jul-Sep2013 | Oct-Dec2013 | Jan- Dec 2013
1. FISSION AND ACTIVATION GASES: Ci ° _ :
Ardi “NA —NA —_NA N/A — NA
Kr-85 NA __NA . NIA A “NA
Kr85m NA A NA . NA N/A
Kr-87 _ N/A NA | NA NA N/A
Kr-88___ - N/A NA_ | NA NA N/A
Xe-131m . NA_ N/A — NIA NA ~ NA
Xe-133 N/A — NIA T NA NA | NA.
Xe-133m N/A /A N/A N/A N/A
Xe-135 - NA . NA " NA NIA N/A
Xe-136m NA_ NA__ | NA NA NA
Xe-137 ' NA NA NA N/A NA
Xe-138 — NA NA N/A N/A N/A
Total for period _ _ NA [ NaA —NIA NA N/A
2. IODINES: Ci :
131 — NA N/A N/A WA WA
1133 - N/A N/A N/A — N/A - WA
Total for period —NA . NA | NA NA A
3. PARTICULATES WITH HALF-LIVES > 8 DAYS: Ci .
Cr51 N/A N/A NA NA NA
Mn-54 N/A NA N/A N/A N/A
“Fe59 N/A “NA_ T NA NA__ N/A
Co-58 —NA NA NA N/A NA
Co-60 NA___- N/A N/A NA —NA
Zn-65 ' — [ NA NA N/A NA N/A
Sr89 " NA WA NA WA NA_
Sr-90- ' — N/A N/A N/A —_NA N/A
Ru-103 ' ' N/A —_NA NA T NA_ N/A
Cs-134 N/A NA NA N/A __NA
Cs-137 — _NA___ A —_NA NA N/A
Balla-140 __ — NAA N/A NA NA N/A
Total for period NA__| — NA T NA NA A
4. TRITIUM: Ci _
H3 T WA T _NA T —NA T NA_ ] N/A
5. CARBON-14: Ci _ S
[c1a_ | A [ NA ] N/A ] N/A T NA

Notes for Table B.2-C:

1. NJ/A stands for not applicable.
2. NDA stands for No Detectable Activity. .
3. LLDs for airborne radionuclides listed as NDA are as follows:
Fission Gases: 1E-04 uCi/cc
lodines: 1E-12 uCilcc
Particulates: 1E-11 uCifce
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. TableB3-A - . .
Pilgrim Nuclear Power Station
Annual Radioactive Effluent Release Report
Liquid Effluents - Summation of All Releases
January-December 2013 '

Est.

RELEASE PERIOD Jan-Mar | Apr-dun | Ju-Sep | Oct-Dec | Jan-Dec | Total
S 2013 | - 2013 2013 | 2013 | 2013 Error
. FISSION AND ACTIV ODUCTS '
Total Release (not including 398E:06 | 1.89E02 | NA .| 2.93E-05 | 1.80E-02

tritium, gases, alpha): Ci
Average Diluted Concentration
During Period: pCi/mL .

273E-14 | 1.74E-10 |- N/A | 1.89E-13 | 3.36E-11-|.412%

Percent of Effluent | 0.11E-08% | 247E-03% | 'NIA | 1.32E-05% | 4.81E-04% |
Concentration Limit : _ - : .
{ B_TRITIUM . -

Total Release: Ci _ 8.10E-01 | 5.25E+00 | N/A__| 1.67E-01 | 6.21E+00

| Average Diluted Concentration | 5 57e 09 | 481608 | NA | 1.01E-09 | 1.10E-08 |- s0dd%

1 During Period:” pCi/mL
Percent of Effluent '557E-04% | 4.81E-03% | NA | 1.01E-04% | 1.10E:03%
Concentration Limit ] : .
C. DISSOLVED AND ENTRAINED GASES . |
Total Release: Ci_ . NDA_ |~ NDA | NA | NDA NDA_
(P:?);cc:e;‘gtu;oaftifrfalll{?r:tit* 0.00E¢00% | 000Es00% | NA | 0.00E+00% o..ooe;og%

| b. GROSS ALPHA RADIOACTIVITY _
Total Release: Ci — | NDA | _NA | . NA | NA [ NDA | #34%
E. VOLUME OF WASTE RELEASED PRIOR TO DILUTION I ' . .
Wasle Volume: Liters | 2.11E+05 | 830E+05 | _N/A | 1.37E+05 | 1.18E+06 | 5.7%
F. VOLUME OF DILUTION WATER USED DURING PERIOD -
Dilution Volume: Liters [746E+11 | 1.00E+11 | 1.65E+11 | 1.65E+11 | 565611 | +10%

Notes for Table B.3-A:

* Addltlonal percent of Effluent Control Limit values based on dose assessments are provnded in Section 6 of
this report.

1. N/A stands for not applicable:

2. NDA stands for No Detectable Activity.

3. LLD for dissolved and entrained gases listed as NDA is 1E- 05 p.CI/mL
4. LLD for liquid gross alpha activity Ilsted as NDA is 1E-07 uCl/mL
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Table B.3-B
Pilgrim Nuclear Power Station
Annual Radioactive Effluent Release Report
Liquid Effluents
January-December 2013

’ CONTINUOUS MODE RELEASES - .

Nuclide Released | Jan-Mar 2013 | Apr-Jun 2013 | Jul-Sep 2013 | Oct-Dec 2013 | Jan-Dec 2013
1. FISSION AND ACTIVATION PRODUCTS: Ci '
Cr-51 , N/A N/A N/A N/A N/A
Mn-54 N/A N/A N/A N/A N/A
Fe-55 N/A N/A N/A N/A N/A
Fe-59 N/A N/A N/A - N/A N/A
Co-58 N/A N/A N/A N/A - NA
Co-60 N/A N/A N/A N/A N/A
Zn-65 N/A N/A N/A N/A N/A
Zn-69m N/A N/A N/A N/A N/A
Sr-89 N/A N/A N/A N/A N/A
Sr-90 N/A N/A N/A N/A N/A
Zr/Nb-95 N/A N/A ~ N/A N/A N/A
Mo/Tc-99 N/A N/A N/A N/A N/A
Ag-110m N/A N/A N/A N/A N/A
Sb-124 . N/A N/A N/A _ N/A N/A
1-131 N/A N/A ~N/A N/A N/A
1-133 N/A N/A N/A N/A N/A
Cs-134 N/A N/A N/A N/A N/A
Cs-137 _ N/A N/A N/A . NIA N/A
Ba/La-140 N/A N/A N/A N/A “N/A
Ce-141 N/A NA T N/A N/A N/A
Total for period N/A N/A N/A N/A N/A
2. DISSOLVED AND ENTRAINED GASES: Ci '

Xe-133. . N/A N/A N/A N/A N/A

Xe-135 N/A N/A N/A N/A N/A
Total for period N/A N/A N/A : N/A . N/A

Notes for Table B.3-B:

1. N/A stands for not applicable.
2. NDA stands for No Detectable Activity.
3. LLDs for.liquid radionuclides listed as NDA are as follows:
Strontium: 5E-08 pCi/mL
lodines: 1E-06 pCi/mL
Noble Gases: 1E-05 pCi/mL
All Others: 5E-07 nCi/mL
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Table B.3-B (continued)
Pilgrim Nuclear Power Station
Annual Radioactive Effluent Release Report
Liquid Effluents '
January-December 2013

- BATCH MODE RELEASES
Nuclide Released | Jan-Mar 2013 | Apr-Jun 2013 | Jul-Sep 2013 | Oct-Dec 2013 [ Jan-Dec 2013
1. FISSION AND ACTIVATION PRODUCTS: Ci
Na-24 0.00E+00 0.00E+00 . NIA 0.00E+00 0.00E+00
Cr-51 0.00E+00 . 4.50E-03 N/A- 0.00E+00 4.50E-03
Mn-54 - 3.98E-06 3.73E-03 N/A 3.02E-06 3.74E-03
Fe-55 . 0.00E+00 5.72E-04 N/A 0.00E+00 - 5.72E-04
Fe-59 0.00E+Q0 1.11E-03 N/A 0.00E+00 1.11E-03
Co-58 ' 0.00E+00 4.89E-04 N/A 0.00E+00 4.89E-04
Co-60 0.00E+00 5.73E-03 N/A 8.86E-06 5.74E-03
Zn-65 0.00E+00 - 1.57E-03 : N/A 0.00E+00 1.57E-03
Zn-69m . 0.00E+00 0.00E+00 N/A ‘0.00E+00 0.00E+00
Sr-89 . 0.00E+00 0.00E+00 N/A 0.00E+00 0.00E+00
Sr-90 0.00E+00 0.00E+00 N/A 0.00E+00 0.00E+00
Zr/Nb-95 0.00E+00 4.69E-05 N/A 0.00E+00 4,69E-05
Mo/Tc-99 0.00E+00 0.00E+00 N/A 0.00E+00 0.00E+00
Ag-110m ‘1 - 0.00E+00 1.08E-03 ~N/A 0.00E+00 1.08E-03
Sbh-124 0.00E+00 9.60E-05 N/A 0.00E+00 9.60E-05
1-131 0.00E+00 0.00E+00 N/A 0.00E+00 0.00E+00
1-133 0.00E+00 0.00E+00 . N/A 0.00E+00 0.00E+00
Cs-134 0.00E+00 | 0.00E+00 N/A 0.00E+00 -0.00E+Q0
Cs-137 0.00E+00 0.00E+00 N/A 1.74E-05 1.74E-05
Ba/La-140 0.00E+Q0 0.00E+00 N/A 0.00E+00 0.00E+Q0
Ce-141 0.00E+00 - 0.00E+00 N/A 0.00E+00 0.00E+Q0
Ce-144 0.00E+00 0.00E+00 N/A 0.00E+00 0.00E+00
Total for period ' 3.98E-06 1.89E-02 . NIA 2.93E-05 1.89E-02
2. DISSOLVED AND ENTRAINED GASES: Ci
Xe-133 NDA NDA ) N/A NDA NDA
Xe-135 NDA NDA . N/A NDA NDA
Total for period "NDA NDA N/A NDA NDA

Notes for Table B.3-B:.

1. N/A stands for not applicable.

2. NDA stands for No Detectable Activity.

3. LLDs for liquid radionuclides listed as NDA are as follows:
Strontium: 5E-08 uCi/mL :
lodines: 1E-06 pCi/mL
Noble Gases: 1E-05 pCi/mL
All Others: 5E-07 pCi/mL
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. APPENDIX C
LAND USE CENSUS RESULTS |

The annual land usé census for gardens and milk and-meat animals in the. vicinity of Pilgrim Station.
was performed between September 09 and September 20, 2013. The census was conducted by
. driving along each improved road/street in the Plymouth area within 5 kilometers (3 miles) of Pilgrim
Station to survey for visible gardens with.an area of greater than 500 square feet. .In compass
sectors where. no gardens were identified within 5 km (SSW, WNW, NW, and NNW sectors), the
survey was extended fo 8 km (5 mi). A total of 30 gardens were identified in the vicinity of Pilgrim
Station. In addition, the Town of Plymouth Anrmal |nspector was contacted for mformatlon regardmg
mitk and meat animals. .

Atmospheric deposition (D/Q) values at the locations of the identified gardens were compared to

. ‘those for the existing sampling program locations. These comparisons enabled- PNPS personnel to
ascertain the best locations for monitoring. for releases of airborne radionuclides. Gardens yielding
higher D/Q values than those cumrently in the sampling program were also sampled as part of the'.
radiological enwronmental momtormg program.

Based on assessment of the gardens identified during the 2013 land use census, samples of
garden-grown vegetables or naturally-growing vegetation (e.g. grass, léaves from bushes.or trees,
_etc.) were collected at or near the closest gardens in each of the following landward compass

sectors.. Thesé locations, and their distance and direction relative to the PNPS Reactor Burldmg, are
as follows: .

- Rocky Hill Road 0.9 km SE
Rocky Hill Road . 1.8 km SSE
Clay Hill Road 1.6 km w .

‘Additional samples of naturally—growrng vegetatron were collected at the site boundary in the ESE.
- "and SE sectors to monitor for atmospheric deposmon in the vicinity of the nearest resrdent in the SE.
sector. .

In addition to these spe0|al sampllng locations identified and sampled, in conjunctlon with the 2013 .
" land use census, samples were also collected at or near the Plymouth County Farm (5.6 km W), and
. from control Iocatlons in Bridgewater (31 km W), Sandwich (21 km SSE), and Norton (49 km W)

Samples of naturally-growing vegetation were also collected in the vicinity of the site boundary
locations .yielding the highest deposition (D/Q) factors. for each of the two release points.” These
~ locations, and their distance and direction relative to the PNPS Reactor Building, are as follows:

Highest Main Stack D/Q: 1.5 km SSW
Highest Reactor Building Vent D/Q: - 0.5km ESE
2"" highest D/Q, both release points: = 1.1km S

No new milk or meat animals were identified during the land use census. In addition, the Town of
Plymouth Animal. Inspector stated that their office is not aware of any animals at locations other than
the Plimoth Plantation. Although milk sampling is not performed at Plimoth Plantation; effluent dose
calculations are performed for this location assuming the presence of a milk ingestion pathway, as
part of the Annual Radloactlve Effluent Release Report (Reference 17).
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APPENDIX D
ENVIRONMENTAL MONITORING PROGRAM DISCREPANCIES

‘There were a number of instances during 2013 in which inadvertent issues were encountered in the
collection of environmental samples. All of these issues were minor in nature and did not have an
adverse effect on the results or integrity of the monitoring program. Details of these various
problems are gwen below. .

During 2013, ‘nine offsite thermoluminescent dosimeters (TLD) were not recovered from their
assigned locations during the quarterly retrieval process. Degradation of the plastic cages housing
the TLDs resulted in the loss of the following TLDs: Emerson & Priscilla - EP (Qtr 1); Greenwood
House — GH (Qtr 3); Warren & Clifford — WC (Qtr 3); Hall's Bog — HB (Qtr 4); Manomet Elementary —
ME (Qtr 4); and College Pond — CP (Qtr 4). In each of these cases, the plastic cage holding the TLD
were replaced and a new TLD posted. The TLD at Hyannis Road — HR was vandalized duririg both
the 1 and 2™ quarters of 2013 The TLD at this location was relocated a short distance to be less
conspicuous. Turing the 4" Quarter exchange of TLDs in early January- 2014, the TLD at Valley.
Road - VR could not be retrieved due to snow-covered roads leading to this remote location. The
TLD was recovered during the retrieval of 1% Quarter 2014 TLDs in April 2014, and will be analyzed
to determine the average dose at that location-during the two periods represented by that TLD.

Despite these losses, the 431 TLDs that were collected (98.0%) allowed for adequate assessment of
the ambient radiation levels in the vicinity of Pilgrim Station.

Within the air sampling program, there were a few instances in which continuous sampling was
interrupted at the eleven airborne sampling locations during 2013. Most of these interruptions were
due to short-term power losses and were sporadic and of limited duration (less than 24 hours out of
" the weekly sampling period). Such -events did not have any significant impact on the scope and
purpose of the sampling program, and lower limits of detection (LLDs) were met for both airborne
particulates and iodine-131 on 563 of the 563 filters/cartridges collected.

Out of 572 filters (11 locations * 52 weeks), 563 samples were collected and analyzed during 2013.
A problem occurred at location WR when tree trimming activities on 14-Aug-2012 resulted in
damage to the electrical service and sampling station. The sampler was not repaired until 28-Feb-
2013, resuiting in the loss of sampling capabilities at this location for the last 21 weeks of 2012, and
the first eight weeks of 2013. This event is described in Condition Report CR-PNP-2012-3545.
There were also a few instances where power was lost or pumps failed during the course of the
sampling period at some of the air sampling stations, resulting in lower than normal sample volumes.
All required LLDs were achieved on these samples. Winter Storm Nemo resulted in wide-scale loss
of power during the week of 05-Feb through 12-Feb-2103. Power interruptions of greater than 24-
hours occurred from this storm at Property Line, Pedestrian Bridge, Cleft Rock, Manomet Substation,
East Rocky Hill Road, East Breakwater; and Medical Building.

The configuration of air samplers that had been in use at Pilgrim Station since the early 1980s, was
replaced between June and August of 2012. Both the pumps and dry gas meters were replaced,
and operating experience since changing over to the new configuration has been favorable.
Although the occurrence of pump failures and gas meter problems have been largely eliminated, the
new configuration is still subject to trips of the ground fault interrupt circuit (GFCI). Such problems
can be encountered at air samplers located at the East Breakwater and Pedestrian Bridge. Both of
these locations are immediately adjacent to the shoreline and are subject to significant wind-blown

salt water, and are prone to tripping of the GFCI. The following table contains a listing of larger
- problems encountered with air sampling stations dunng 2013 many of which resulted in loss of more
than 24 hours in a sampling period.
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Location | Sampling Period Sampling Problem Description

Hours Lost .

WR 01/02 to 02/28 1375 of 1375 | Sampling station damaged during tree trimming activities
’ in Aug-2012; condition report CR-PNP-2012-3545;
repaired 02/28/2013
PL 02/05 to 02/12 36.1 of 174.9 | Power loss from Winter Storm Nemo
PB 02/05 to 02/12 57.4 of 170.3 | Power loss from Winter Storm Nemo
CR 02/05 to 02/12 33.3 of 170.5 | Power loss from Winter Storm Nemo
MS - 02/05 to 02/12 30.7 of 170.3 | Power loss from Winter Storm Nemo
ER 02/05 to 02/12 90.8 of 173.9 | Power loss from Winter Storm Nemo
EB 02/05 to 02/12 36.1 of 170.5 | Power loss from Winter Storm Nemo
WS 02/05 to 02/12 '36.1 of 168.8 | Power loss from Winter Storm Nemo
OA 04/22 to 05/01 72.10f 220 | Load shed activity of power feed from Main Stack during
. refueling outage. '
WS - 06/11 to 06/17 139 of 139, Faulty circuit breaker feeding power to sampling station.
WR 6/25 to 07/09 None Filter left on for 2-week period due to inaccessibility at
_ 0.0 of 336.5 | location of sampler ' _ '

PB 10/14 to 10/21 39.3 of 156.3 | Loss of offsite power caused GFCI outlet to trip
PB 10/21 to 10/29 23.1 of 191.2 | Trip of GFCI outlet
PB 12/10 to 12/17 60.5 of 168.0 | Trip of GFCI outlet
CR 12/10 to 12/23 None Filter left on for 2-week period due to inaccessibility at

0.0 of 311.3 | location of sampler
PB 12/17 10 12/23 134.5 of 143.3 | Pump experienced mechanical failure

Despite the lower-than-normal sampling volumes in the various instances involving power

interruptions and equipment failures, required LLDs were met on 563 of the 563 particulate filters,
and 563 of the 563 of the iodine cartridges collected during 2013. When viewed collectively during
the entire year of 2013, the following sampling recoveries were achieved in the airborne sampling
program:

Location Recovery | Location Recovery | Location Recovery
ws 98.7% PB 96.1% PC 99.9%
ER 98.9% _OA 98.0% MS 99.6%
WR . 84.2% EB 99.6% EW 99.9%
PL 99.5% . CR 99.5%

" An alternate location had to be found for sampling control vegetable samples in the Bridgewater
area. In past years, samples had been collected at the Bridgewater County Farm, associated with
the Bridgewater Correctional Facility. Due to loss of state funding for garden projects during 2006,
no garden was grown. An alternate location was found at the Hanson Farm in Bridgewater, located
in the same compass sector, and at approximately the same distance as the Bridgewater County
Famm. Additional samples of naturally-occurring vegetation were collected from distant control
locations in Sandwich and Norton. As expected for control samples, vegetables and vegetation
collected at these locations only contained naturally-occurring radioactivity (Be-7, K-40, and Ac/Th-
228). '

Some problems were encountered in collection of crop samples during 2013. Crops which had
normally been sampled in the past (lettuce, tomatoes, potatoes, and onions) were not grown at the
Plymouth County Farm (CF) during 2013. Leafy material from pumpkin plants and com plants were
substituted for the lettuce to-analyze for surface deposition of radioactivity on edible plants.
Samples of squash, tomatoes, cucumbers, zucchini, and grape leaves were also collected from two
other locations in the immediate vicinity of Pilgrim Station. No radionuclides attributed to PNPS
operations were detected in any of the samples. '
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Naturally-growing leafy vegetation (grass, leaves from trees and bushes, etc.) was collected near
some gardens identified during the annual land use census. Due to the unavailability of crops grown
in several of these gardens, these substitute samples weré collected as near as practicable to the
gardens of interest. No radionuclides attributed to PNPS operations were detected in any of the
samples. Additional details regarding the land use census can be found in Appendix C of this report.-

As presented in Table 2.9-1, several samples of naturally-occurring vegetation (leaves from trees,
bushes, and herbaceous plants) were collected at a number of locations where the highest
atmospheric deposition would be predicted to occur. Some of these samples indicated Cs-137 at
concentrations ranging from non-detectable up to 61 pCifkg. The highest concentration of 61 pCi/kg
was detected in a sample of natural vegetation collected from the Pine Hills area of the Pine Hills
south of PNPS. This Cs-137 result is within of the normal range of average values expected for
weapons-testing fallout (75 to 145 pCilkg as projected from the pre-operational sampling program).
it should be noted that natural vegetation samples collected in the 1990s often showed detectable
Cs-137 from nuclear weapons tests up into the range of 300 to 400 pCi/kg, whereas soil samples
often indicated concentrations in excess. of 2000 pCi/kg. Cs-137 has a 30-year half-life, and
measureable concentrations still remain in soil and vegetation as a result of atmospheric nuclear
weapons testing performed during the 1950s through 1970s. A review of effluent data presented in
Appendix B indicates that there were no measurable airborne releases of Cs-137 from Pilgrim
Station during 2013 that could have atiributed to these detectable levels. The sample with the
highest level of Cs-137 also contained high levels of Ra-226 and AcTh-228, indicating appreciable
soil content on the vegetation. This sample of natural vegetation was analyzed “as is” without any
measure to clean the samples as normally would be performed prior to consuming vegetables, and
would have detected any Cs-137 in soil adhering to those leaves collected. Certain species of plants
such as sassafras are also known to concentrate chémical elements like cesium, and this higher-
than-expected level is likely due to a combination of external soil contamination and bioconcentration
in the leaves of the plants sampled. These levels are not believed to be indicative of any releases
associated with Pilgrim Station. No radioactivity attributable to Pilgrim Station was detected in any of
the vegetable samples collected during 2013, and results of any detectable naturally-occurring
radioactivity were similar to those observed in the preoperational monitoring program.

The cranberry bog at Pine Street Bog in Halifax was not in production during 2013, so a sample
could not be obtained from this location. A substitute sample was collected from a bog (Hollow Bog)
in Kingston, beyond the influence of Pilgrim Station. In addition, the cranberry bog along Bartlett
Road suspended operation during 2013, and was not producing cranberries. Samples were
collected from a single indicator location located along Beaverdam Road.

During the week of 05-Feb through 12-Feb-2013, water samples could not be collected from the
sampling locations at the Pedestrian Bridge and Bartlett Pond. Both areas were inaccessible due to
damage from Winter Storm Nemo.

Additional problems were encountered with composite water samples collected from the Discharge
Canal during the weeks of 12-Feb to 19-Feb-2013, and 16-Apr to 22-Apr-2013 when the lift pump
suspended in the Discharge Canal failed and water was not provided to the composite sampler.
Grab samples were obtained at the time of filter collection to substitute for the normal composite
samples that would have been collected during the week. No radioactive llqund dlscharges were
*occurring during-either of these two penods

Fallure of the peristaltic tubing in the composite sampler also occurred during the weeks of 18-Mar to
25-Mar, and 01-May to 07-May-2013, and grab samples were also substituted for the composite
samples. One radioactive liquid discharge of. 9686 -gallons containing 0.086 Curies of tritium
occurred during the week of 18-Mar to 25-Mar, but the dilution in the discharge canal would have
resulted in a tritium concentration of about 7.3 pCi/L, which is well below the detection sensitivity for-
tritium in REMP samples. No tritium was detected in the quarterly composite for the second quarter
of 2013. No radioactive liquid discharges occurred during the period covered by the composite
sample for the week of 01-Mat to 07-May.
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Group | fishes, consisting of winter flounder or yellow-tail flounder are normally collected twice each
year in the spring and in the autumn from the vicinity of the Discharge Canal Outfall. When fish
sampling occurred in the September to November collection period, no samples of Group I fish could
‘be collected, as the species had already moved to deeper water for the upcoming winter. Repeated
and concerted efforts were made to collect these species, but failed to produce any samples.

In summary, the various problems encountered in collecting and analyzing environmental ‘samples
during 2013 were relatively minor when viewed in the context of the entire monitoring program.
These discrepancies were promptly corrected when issue was identified. None of the discrepancies
resulted in an adverse impact on the overall monitoring program.
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EXECUTIVE SUMMARY

Routine quality control (QC) testing was performed for dosimeters issued by the Environmental
Dosimetry Company (EDC) . ' _

" During this annual period, 100% (72/72) of the individual dosimeters, evaluated against the EDC
internal performance acceptance criteria (high-energy photons only), met the criterion for
accuracy and 100% (72/72) met the criterion for precision (Table 1). In addition, 100% (12/12)
of the dosimeter sets evaluated against the internal tolerance limits met EDC acceptance
criteria (Table 2) and 100% (6/6) of independent testing passed the performance criteria (Table
3). Trending graphs, which evaluate performance statistic for high-energy photon irradiations
and co-located stations are given in Appendix A.

One internal assessment was performed in 2013. There were no findings.



INTRODUCTION

The TLD systems at the Environmental Dosimetry Company (EDC) are calibrated and
operated to ensure consistent and accurate evaluation of TLDs. The quality of the
dosimetric results reported to EDC clients is ensured by in-house performance testing
and independent performance testing by EDC clients, and both intemal and client
directed program assessments.

The purpose of the dosimetry quality assurance program is to provide performance
documentation of the routine processing of EDC dosimeters. Performance testing
provides a statistical measure of the bias and precision of dosimetry processing against
a reliable standard, which in turn points out any trends or performance changes Two
programs are used:

A

QC Program

Dosimetry quality control tests are performed on EDC Panasonic 814
Environmental dosimeters. These tests include: (1) the in-house.testing program
coordinated by the EDC QA Officer and (2) independent test perform by EDC
clients. In-house test are performed using six pairs of 814 dosimeters, a pair is
reported as an individual result and six pairs are reported as the mean result.
Results of these tests are described in this report.

Excluded from this report are instrumentation checks. Although instrumentation

checks represent an important aspect of the quality assurance program, they are
not included as process checks in this report. Instrumentation checks represent
between 5-10% of the TLDs processed.

QA Program

An internal assessment of dosimetry activities is conducted annually by the
Quality Assurance Officer (Reference 1). The purpose of the assessment is to
review procedures, results, materials or components to |dent|fy opportunltres to
improve or enhance processes and/or services.

L. PERFORMANCE EVALUATION CRITERIA

A

Acceptance Criteria for Internal Evaluations
1. - Bias

For each dosimeter tested, the measure of bias is the percent deviation of
the reported result relative to the delivered exposure. The percent
deviation relative to the delivered exposure is calculated as follows:

HH 60

where:

H = the corresponding reported exposure for the i"
dosimeter (i.e., the reported exposure)

H; = the exposure delivered to the i irradiated
dosimeter (i.e., the delivered exposure)
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Mean Bias

For each group of test dosimeters, the mean bias is the average perceht
deviation of the reported result relative to the delivered exposure. The
mean percent dewatlon relative to the delivered exposure is calculated as.

follows
H - H, -

2(4]100(1] .

H, - AN
where:

H = ‘the correspondmg reported exposure for the i
dosimeter (i.e., the reported exposure) -

H, = the exposure delivered. to the i irradiated test
dosimeter (i.e., the delivered exposure)

n = the number of dosimeters in the test group

" Precision

For a group of test dosimeters irradiated to a given exposure, the

‘measure of precision is'the percent deviation of individual resuits relative
to the mean reported exposure. At least two values are required for the -
determination of precision. The measure of precision for the i dosimeter

is:
H -H
[ = }OO
H

n

where:
H, = the reported exposure for the i" dosimeter (i.e., the
' reported exposure)
| R
the mean reported exposure; i.e., H= ZH{ [—)

==
1]

n = the number of dosimeters in the test group

EDC Intemél Tolerance Limits -

All evaluation criteria are taken from the “EDC Quality System Manual,”
(Reference 2). These criteria are only applied to individual test
dosimeters irradiated with high-energy photons (Cs-137) and are as
follows for Panasonic Enwronmental dosimeters: + 15% for bias and +
12.8% for precision. -
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QC Investigation Cfiteria and Result Reporting -

EDC Quality System Manual (Reference 2) specifies when an investigation is '
required due to a QC analysis that has failed the EDC bias criteria. The cnterla
are as follows: :

1. - No mvestlgatio'n is neceesary when an individual QC result falls outside
the QC performance criteria for accuracy S

2. Investigations are. |n|t|ated when the mean of a QC processmg batch is
_ outside the performance criterion for bias.

Reporting of Environmental Dosimetry Results to EDC ‘Customers

1.- All results are to be reported in a timely fashion.

2. If the QA Officer determines that an investigation is required for a
process, the results shall be issued as normal. If the QC results,
prompting the investigation, have a mean bias from the known of greater
than £20%, the resuits shall be issued with a note indicating that they
may be updated in the future, pendlng resolution of a QA issue.

3. ' Enwr’onmenta’l dosnmetry results do not require updating if the

investigation has shown that the mean bias between the original results
and the corrected results, based on applicable correction factors from the
investigation, does not exceed +20%.

L. DATA SUMMARY FOR ISSUANCE PERIOD JANUARY-DECEMBER 2013

A

General Discussion

Results of performance tests conducted are summarized and discussed in ihe
foIIowmg sections. Summaries of the performance tests for the reportlng period

are glven in Tables 1 through 3 and Figures 1 through 4.

Table 1 provudes a summary of individual dos1meter results evaluated against the
EDC internal acceptance criteria for high-energy photons only. During this period,
100% (72/72) of the individual dosimeters, evaluated against these criteria met .
the tolerance limits for accuracy and 100% (72/72) met the criterion for precision.

- A graphical mterpretatlon is provided in F|gures 1 and 2.

" Table 2 provides the Bias + Standard deviation results for each group (N=6) of

dosimeters evaluated against the internal tolerance criteria. Overall,100%"
(12/12) of the dosimeter sets evaluated against the internal tolerance -
performance criteria met these criteria. A graphlul mterpretatlon is provnded in
Figures 3

Table 3 presents the independent blind spike results for dosimeters processed -
during this annual period. All results passed the performance acceptance
criterion. Figure 4 is a graphical mterpretatnon of Seabrook Statlon blind co-
located station resuits. .
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Vil

Result Trending . .

- One of the main benefits of performing' quality control tests on a routine basis is

to identify trends or performance changes. The résults of the Panasonic
environmental dosimeter performance tests are presented in Appendnx A..The
results are evaluated against each of the performance criteria listed in Section I,
namely: individual dosimeter accuracy, individual dosmeter premsnon and mean .
bias. : -

All of the results presented in AppendIX A are plotled sequentially by processmg
date. o .

STATUS OF EDC CONDITION REPORTS (CR)

No condition report_s were issued during this.annual period: l

STATUS OF AUDITS/ASSESSMENTS

A.

Intemal

" EDC Internal Quality Assurance Assessment was conducted durmg the fourth.

quarter 2013. There were not any findings as a result of this- assessment

. External

No external assessmerits were conducted in”2.013.

PROCEDURES AND MANUALS REVISED DURING JANUARY - DECEMBER 2013

: No procedures or manuals were revised in 2013

CONCLUSION AND RECOMMENDATIONS

The quality control evaluations continue to indicate the dosimetry proeessing pro@rams

~ at the EDC satisfy the criteria specified in the Quality System Manual. . The EDC -

demonstrated the ability to meet all applicable acceptance criteria. -

REFERENCES

1. -
2,

EDC Quality Control and Audit Assessment Schedule, 2013,
EDC Manual 1, Quality System Manual, Rev. 3, August 1, 2012,
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TABLE 1

PERCENTAGE OF INDIVIDUAL DOSIMETERS THAT PASSED EDC INTERNAL CRITERIA
JANUARY — DECEMBER 2013“)

“)Thxs table summarizes resuits of tests conducted by EDC.
@Environmental dosimeter results are free in air.

TABLE 2

MEAN DOSIMETER ANALYSES SN-G)
JANUARY — DECEMBER 2013 @

——

[istandara s ‘1(%[18@

. Peeben | Moicies | S

v BimiteF/=15%

4/22/2013 4.1 1.9 Pass

4/24/2013 4.5 1.2 Pass -
5/23/2013 -1.1 | 1.9 Pass
7/24/2013 0.8 1.0 Pass
8/4/2013 -1.1 1.6 Pass
8/6/2013 ; 0.1 . 2.3 Pass
10/31/2013 1.5 1.2 Pass
11/10/2013 0.1 1.7 . Pass
11/15/2013 ©-1.8 1.0 ___ Pass
- 1/27/2014 3.7 2.3 Pass
1/31/2014 , 2.6 0.9 Pass
- 2/5/2014 . 0 7 , 0.6 Pass

("This table summarizes results of tests conducted by EDC for TLDs issued in 2013.
PEnvironmental dosimeter results are free in air.

TABLE 3
SUMMARY OF INDEPENDENT DOSIMETER TESTING -
JANUARY — DECEMBER 2013 @

%2013 | Millstone

2" Qtr.2013 Seabrook ‘ -2..3 , 2:7 Pass
3 Qtr. 2013 - Millstone -4.7 ' 40 - Pass
4‘? Qtr.2013 Seabrook -0.9 0.9 Pass

"performance criteria are +/- 30%.
@Blind spike irradiations using Cs-137
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APPENDIX A - |
DOSIMETRY QUALITY CONTROL TRENDING GRAPHS

ISSUE PERIOD JANAURY - DECEMBER 2013
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APPENDIX F

J.A. Fitzpatrick Interlaboratory Comparison Program

January — December 2013
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8.1

QUALITY . ASSURANCE / QUALITY CONTROL PROGRAM

PROGRAM DESCRIPTION

The Oﬁ"site Dose' Calculation Manual -(ODCM), Part 1, Section 5.3 requ'ires that the licensee

participate in an Interlaboratory Comparison Program. The Interlaboratory Comparison Program
shall include sample medi_a for which samples are routinely collected and for which comparison
samples are commercially available. Participation in an Interlaboratory-Comparison Program ensurés

- that independent checks on the precision and accuracy of the measurement of radioactive material in -

the environmental samples are performed as part of the Quality Assurance Program for enviropmerrtal

-monitoring. To - fulfill the requirement for an Interlaboratory Comparison Program, the James A.

FitzPatrick Nuclear Power Plant (JAF) Environmental Laboratory has engaged the servrces of Eckert
& Ziegler Analytrcs Incorporated in Atlanta, Georgia. :

Eckert & Zregler Analytrcs supplres sample medra as blmd sample sprkes which contain certified .
levels of radioactivity unknown to the analysis laboratory These samples are. prepared and -.
analyzed by the JAF Environmental Laboratory using standard laboratory procedures Eckert &
Ziegler Analytics issues a statistical summary report of the results. The JAF Environmental

_ Laboratory uses -predetermined acceptance criteria methodology for evaluating the laboratory s
. performance. :

The JAF Environmental Laboratory also analyzes laboratory l)lanks. The analysis of laboratory
blanks provides a means to detect and measure radioactive contamination of analytical samples.
The "analysis of analytical blanks also provides information on the adequacy of background

~ subtraction. Laboratory blank results are analyzed using control charts. '
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8.2

83

PROGRAM SCHEDULE
Table 8-1 .
SAMPLE PROVIDER
SAMPLE LABORATORY ECKERT & ZIEGLER
. MEDIA ANALYSIS ANALYTICS
Water Gross Beta 3
Water Tritium 3
Water T I-131 2
Water Mixed Gamma 2
Air Gross Beta 2
Air I-131 2
.Air Mixed Gamma 2
Milk 1-131 2
Milk . Mixed Gamma 2
Soil ~ Mixed Gamma 1
Vegetation | Mixed Gamma ' 1
TOTAL SAMPLE INVENTORY 22
ACCEPTANCE CRITERIA

Each sample result is evaluated to determine the accuracy and precision of the laboratory’s analysis
result. The sample evaluation method is discussed below. - '

831 SAMPLE RESULTS EVALUATION
Samples provided by Eckert & Ziegler Analytics are evaluated using what is specified as the
NRC method. This method is based on the calculation of the ratio of results reported by the

participating laboratory (QC result) to the Vendor Laboratory Known value (reference
result). ’
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An Environmental Laboratory analytical result is evaluated using the following calculation:
The value for the error resolution is calculated.

The errof resolution = " Reference Result
Reference Results Error (1 sigma)

Using the appropriate row under the Error Resolution column in Table 8.3.1 below, a
corresponding Ratio of Agreement interval is given.

The value for the ratio is then calculated.

Ratio = QC Result
of Agreement Reference Result

If the value falls within the agreement interval, the result is acceptable.

TABLE 8-2
" ERROR RESOLUTION | RATIO OF AGREEMENT
<4 No Comparison
4to7 0.5t02.0
8tol5 0.6 to 1.66
16 to 50 0.75 to 1.33
51 to 200 0.8 to 1.25
>200 | 0.851t0 1.18

This acceptance test is generally referred to as the “NRC” method. The acceptance criteria
are contained in Procedure EN-CY-102, Laboratory Analytical Quality Control. The NRC
method generally results in an acceptance range of approximately + 25% of the Known value
when applied to sample results from the Eckert & Ziegler Analytics Interlaboratory
Comparison Program. This method is used as the procedurally required assessment method
and requires the generation of a deviation from QA/QC program report when results are
unacceptable.
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84 PROGRAM RESULTS SUMMARY
The Interlaboratory Comparison Program numerical results are provided on Table 8-3.
8.4.1 ECKERT & ZIEGLER ANALYTICS QA SAMPLES RESULTS

Twenty two QA blind spike samples were analyzed as part of Eckert & Ziegler Analytics
2013 Interlaboratory Comparison Program. The following sample media were evaluated as
part of the comparison program.

Air Charcoal Cartridge: 1-131

Air Particulate Filter: Mixed Gamma Emitters, Gross Beta
Water: I-131, Mixed Gamma Emitters, Tritium, Gross Beta
Soil: Mixed Gamma Emitters .

Milk: I-131, Mixed Gamma Emitters

Vegetation: Mixed Gamma Emitters

The JAF Environmental Laboratory performed 86 individual analyses on the 22 QA
. samples. Of the 86 analyses performed, 86 were in agreement using the NRC acceptance
criteria for a 100 % agreement ratio.
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INTERLABORATOR

TABLE 8-3

Y INTERCOMPARISON PROGRAM
'Gross Beta Analysis of Air Particulate Filter
; _ REFERENCE |
SAMPLE JAF ELAB RESULTS LAB* RATIO
DATE ID NO. MEDIUM | ANALYSIS pCi %1 sigma- pCi +1 sigma )
06/13/2013 E10568 Filter 989 + 1.0
’ GROSS 101.3 + 1.0
BETA 985 £ 10 946 + 158 [105|A
. Mean = 99.6, + 0.6
12/05/2013 E10751A Filter 1025 = _1.0
GROSS 1022 + 1.0 '
+ 1. .
BETA 1007 + 10 %6 & 16 1061 A
Mean = 1018 + 0.6
(1) Ratio = Reported/Analytics.
* Sample provided by Analytics, Inc.
A=Acceptable
U=Unacceptable
TABLE 8-3 (Continued)
INTERLABORATORY INTERCOMPARISON PROGRAM
Tritium Analysis of Water
| ' REFERENCE
DATE | SAMPLE | \ippiuMm | ANALYSIS JAF ELAB RESULTS LAB* RATIO
ID NO.. pCilliter +1 sigma . . 1)
: _ pCi/liter £1 sigma
-3/14/2013 E10490 Water H-3 4305 + 158 '
4490 + 156
4920 + 82.2 . .
4781 *= 161 ? 8 0921 A
Mean = 4525 + 91
6/13/2013 E10567 Water H-3 1106 += 124
919 + 122 948 + 158 |105|A
965 + 123
_ Mean = 97 £ 71
9/12/2013 E10614 " Water H-3 830 + -122
765 + 122
700 + 120
828 + 118
871 += 119
. 5 £ . .
800 + 118 96 16.1 088. A
L1024 = 122
908 + 120
889 =+ 120
Mean = 846 + 40

(1) Ratio = Reported/Analytics.
* Sample provided by Analytics, Inc.

A=Acceptable

U=Unacceptable
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TABLE 8-3 (Continued)

INTERLABORATORY INTERCOMPARISON PROGRAM
Gross Beta Analysis of Water

SAMPLE : JAF ELAB RESULTS REFERENCE LAB*
DATE DNO. | MEDIUM | ANALYSIS pCilliter 1 sigma pCilliter £1 sigma | ~ATIO ()
03/14/2013 E10493 Water 2765 + 26
GROSS 2792 *+ 26
3000 + 5.0 0.92 A
BETA 2764 = 2.6
Mean= 2774 <« 15
06/13/2013 E10573 Water 2646 + 26
"GROSS 2653 + 26
2940 + 49 0.90 A
BETA 2660 + 26 :
) . Mean= 2653 * 1.5
09/12/2013 E10619 Water 2444 « 23
' GROSS 2444 = 23
: 0 = 4 )
BETA 213 & 23 267.0 £ 4.5 0.91 A
. Mean= 2434 * 13
(1) Ratio = Reported/Analytics.
* Sample provided by Analytics, Inc.
A=Acceptable
U=Unacceptable
INTERLABORATORY INTERCOMPARISON PROGRAM
I-131 Gamma Analysis of Air Charcoal
SAMPLE JAF ELAB RESULTS REFERENCE LAB* o
DATE IDNO. | MEDIUM | ANALYSIS pCi %1 sigma pCi £1 sigma RATIO(1)
6/13/2013 E10571 Air 928 + 257 _ '
1131 968 =+ 3. 89.5 £ =149 | 104 | A
89.5 = 3.02
. _ Mean= 93.0 3+ 1.68
9/12/2013 E10618 Air ' 819 + 3.21
1-131 781 = 299 798 + 133 | 099 | A
778 + 3.03 : .
Mean=_ 793 + 178

(1) Ratio = Reported/Analytics.
* Sample provided by Analytics, Inc.

A=Acceptable
U=Unacceptable




i

TABLE 8-3 (Contmued)

INTERLABORATORY INTERCOMPARISON PROGRAM
Gamma Analysis of Water

SAMPLE

JAF ELAB RESULTS

REFERENCE LAB*

DATE | ‘pno. | MEDIUM | ANALYSIS pCilliter 1 sigma pCifliter +1 sigma RATIO()
3/14/2013 | E10491 | Water 95 + 594 T .
Ce-141 102+ 7.24 97+ 162 102 | A
100 + 557 : :
Mean = 99 '+ .3.63
260 + 26.30
Cr-51 245 = 3210 244 + 407 104 | A
254 + 25.50 . -
Mean = 253 + 16.24
107 + 17.58
Cs-134 % + 1080 1100 + 184 “ 094 | A
- 107 + 834
Mean= 103 + 520
137 £ 453
Cs-137 129 = 5.88 137 £.229 [ 097 | A
: 134 = 473 : -
Mean.= 133 + 293
105 = 412 _
. 113 £ 574 - o
. Co- . 070 + 1. 1.
Cos8 | s 4 107.0° £ 1.79 03 | A
‘Mean= 1103 + 2.79
' 116 = 427 _
Mn-54 105 + 5.76 107 + 179 103 | A
110 -+ 4.56° : B}
L Mean= 1103 + 283
138 + 5.51
Fe-59- 141 + 7.36 1300 = 2.17 109 | A
A P 146 + 5.89 '
Me_an.= 1417 + 3.64
' 162 + 7.98 ,
Zn-65 t65° = 1060 155 + 259 1,08 | A
175+ 8.86 . <
Mean= 167.3 * 5.32
_ ' 207 = 412
'Co-60 196 -+ 544 206 + 3.44 100 | A
ke V212 £ 447 :
Mean= 2050 = 2.72. ° 4
603 + 1.02
582 £ 110 ' AU -‘
L131%* 500 = 0. 1.
G = 102 50 - 0.835 1.20 A..
Mean= 59.8 * '0._60

- (1) Ratio = Reported/Analytics. .
* Sample provided by Analytics, Inc.
** Result determined by Resin Extraction/Gamma Spectral Analysns

A=Acceptable

U=Unacceptable




TABLE 8-3 (Continued)

INTERLABORATORY INTERCOMPARISON PROGRAM
Gamma Analysis of Water

| SAMPLE

: - JAF ELAB RESULTS " REFERENCE LAB* * |
DATE [ "1pNg, [ MEDIUM | ANALYSIS pCilliter +1 sigma pCilliter +1 sigma RATIO (1)
9/12/2013 E10615 Water 244 + 224 '
' 233 £ 23.6. _ .
Cr-51 267 + 222 2.51E+02 =+ 4.18E+00 0.95 A
: 206 £ 26.1 )
Mean= 2375 + 118
133 £ 72
_ 147 + 6.8 :
Cs-134 145 = 7.3 1.56E+02 * 2.60E+00 | 092 | A
151 + 5.7 '
.Mean= 1440 + 34
117 = 35
: 123 + 36 | , -. _
Cs-137 M1 % 36 1.18E+02 =+ 1.97E+00 0.97 A
109 = 4.5 '
Mean= .1150 =+ 1.9
98 + 35
. ; 98 + 3.2
Co-58 ° 102 + 36 9.73E+01 + 1.62E+00 1.01 A
9% = 4.3 :
Mean= 987 + 1.8
141 + 3.8
142 £ 39 o
Mn-54 131 £+ 39 1.25E+02 . £+ 2.09E+00 1.08 A
126 + 4.9 ' :
Mean= 1350 + 2.1
135 + 44
. 130 £ 44 o
Fe-59 127 = 4.7 1.18E+02 . = 1.97E+00 1.11 A
131 = 59 | o
Mean= 130.8 + 24
246 + 7.8
263 = 74 : .
Zn-65 269 + 8.2 241E+02 = 4.02E+00 1.07 A
257 + 106 ]
Mean= 2588 =+ 4.3
186 + 3.2
180 = 3.2 .
Co-60 188 + 34 1.77E+02 + 2.96E+00 1.04 A
179 + 43 ' : -
Mean= 1833 + '1.8.
' 100 £+ 4.8
109 = 4.7 S o
1-131 100 + 43 9.79E+01 * 1.63E+00 1.05 | A
' _ 101 + 6.1. | : '
Mean= 1024 * 2.5
111 £ 14
- 109 £ 1.6 ' :
I-131* . 11 £ 1.7 9.79E+01 + 1.63E+00 1.13 A
Mean= 1103 + 0.9

(1) Ratio= Reported/Ana]ytics
* Sample provided by Analytics, Inc. :
** Result determined by Resin Extraction/Gamma Spectra] Analysis.

88

A=Acceptable
U=Unacceptable




) . TABLE 8-3 (Continued)
INTERLABORATORY INTERCOMPARISON PROGRAM

Gamma Analysis of Milk
SAMPLE . JAF ELAB RESULTS - REFERENCE LAB*
DATE | “ipNo. { MEDIUM | ANALYSIS pCilliter 1 sigma pCilliter +1 sigma RATIO (1)
6/13/2013 E10569 MILK 88 + 54
: 95 %= 6.1
. 89 + 60
Ce-141 74 + 74 90 + 151 Q.97 A
93 £ 58
Mean= 876 £ 2.8
265 = 263
260 £ 274
261 = 284 )
Cr-51 %7 + 340 250 + 4.18 1.05 A
265 £ 286
Mean= 263.6 + 13.0
121 = 8.7
119 + 8.1
123 + 84 :
Cs-134 U8 £+ 111 125 + 2.09 0.97 A
127 + 84
Mean=_ 121.6 + ‘4.0
139 = 4.8
147 £+ 4.7
157 + 438 :
Cs-137 137 £ 60 151 = 252 0.95 A
140 = 590
Mean= 1440 + 2.3
95 = 43
100 = 4.2
101 = 4.1
Co-58 88 & 55 94 =+ 157 1.02 A
94 £ 44
Mean= 95.7 + 2.0
175 = 54
18 £+ 5.2
177 + 5.2 -
Mn-54 175 + 68 172+ 2.87 1.03 A
17T 54
Mean= 1764 + 2.5
126 + 5.8
139 £ 55
122 £ 53 i
Fe-59 121 + 75 120 £+ 2 1.06 A'
. 129 + 59
Mean=_ 1274 - 2.7 .
(Continued)



" TABLE 8-3 (Continued)
INTERLABORATORY INTERCOMPARISON PROGRAM

Gamma Analysis of Milk
SAMPLE JAF ELAB RESULTS REFERENCE LAB*
DATE | "|pnp, | MEPIUM | ANALYSIS _ pCilliter + 1 sigima pCilliter 1 sigma . RATIO(1)
6/13/2013 | E10569 MILK _ 244 + 94 '
(Continued) : 228 + 94 .
ZN-65 187- = 122 T 217 % 363 1.02 A
218 + 103 )
Mean= 2218 * 4.6 .
182 = 42 )
182 + 39 _
: 175 = 3.9 C_
Co-60 168 + 52 175+ 293 102 | A
187 + 43
Mean= 1788 + 1.9
) 91 = S.1
102 +753
~ 90 + 50 :
1131 ol & 63 96 £ 1.59 098 | A
9% + 5.3
.Mean= 940 - 24
99 + 12
101 = 1.3 . .
1,131& 04 .5 14 96 + 1.59 1.06 | A
- | Mean= 101 * 0.8

(1) Ratio = Reported/Analytics.
* Sample provided by Analytics, Inc. .
** Result determined by Resin Extractxon/Gamma Spectral Analysns :

A=Acceptable
U=Unacceptable
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TABLE 8-3 (Continued)

INTERLABORATORY INTERCOMPARISON PROGRAM

“Gamma Analysis of Milk
SAMPLE ' JAFELAB RESULTS | REFERENCE LAB*
DATE | "jpno. | MEDIUM | ANALYSIS pCilliter.£1 sigma nCilliter 1 sigma RATIO ()
9/12/2013 | E10617 | MILK 253 = 3660 - ' _
22 + 3490 -
Cr-51 277 + 4. 9| A
' 313 & 3150 7 63 0.95
Mean= 2627 + 19.86
173+ 12.30
171 £ 1220 ' :
Cs-134 172 + 288 098 | A
s 164 + 930 -
Mean= 1693 + 6.55
131 + 597
125 + 599
-1 . 131 + 2. .
Cs-137 3% 1 470 19 099 | A
Mean= 1303 + 323
101 % 5.9
113 + 611
Co-58 108 = 1. I, A
i ° 10 + 422 18 00
Mean= 108.0° = 3.10
147 + 650
164 + 659 :
54 139 + 2. .
Mn 38 . 4 9 + 232 108 | A
Mean= 1497 + 348
135 + 778
~ 152 + 796 -
- 30 + 2.18.
Fe-59 i sen 1 2.i8 11| oA
Mean= 1447 + 421
274 = 13.50
244 + 1360
65 266 + 44 .
Zn 314 + 1050 6 445 104 1 A
Mean= 2773 + 7.28
200 = 5.64
Co-60 199 = 5.68 196 + 327 103 | A
204 + 415 _
Mean= 2010 + 3.01
99 = 7.19
94 + 7.49 .
1131 983 + 1.64 100 | A
103 + 629
Mean= 98.7 + 4.05
102 ¢ 138
103 + 1.79
1131% 83 + 1.64 .
106 + 1.86 ° 6 105 A
Mean= 103.7 * 0.98

(1) Ratio = Reported/Analytics.
* * Sample provided by Analytics, Inc.
** Result determined by Resin Extraction/Gamma Spectral Analysis.

A=Acceptable
U=Unacceptable




TABLE 8-3 (Continued)
INTERLABORATORY INTERCOMPARISON PROGRAM
Gamma Analysis of Air Particulate Filter

' SAMPLE JAF ELAB RESULTS REFERENCE LAB* '
DATE DNO. | MEDIUM | ANALYSIS oCi +1 sigma oCi 41 sigma RATIO (1)
3/14/2013 | E10492A | FILTER _ 118 + 3.62 '

Ce-141 3+ 349 105 + 176 110 | A
115 + 3.4l
Mean= 1153 =+ 203
296 = 20.00 .
284 £ 19.00
Cr-51 265 + 4.4 1.
' 319 + 21.00 3 L3 paA
Mean= 299.7 + 11.56
115 + 827
- 105 + 8.12 :
Cs-134 " 120 = 2.01 .
s 113 + 924 0 20 093 1 A
Mean= 1110 + 494
155 + 436
154 + 440
-137 49 £ 24 .
Cs-1 | 135 + 484 149 249 104 | A
Mean= 1547 + 262
123 + 434
- 121 = 427
Co-58- 117 = 195 1.
° 132 + 499 7oE 7 1A
Mean= 1253 + 2.62
_ 142 + 450
Mn-54 135 & 440 117 = 195 119 | A
139 + 498
Mean= 138.7 + 2.68
‘ 178 + 590
170 = 5.85
Fe-59 169 + 689 142 = 237 121 | A
Mean= 1723 £ 3.60
193 + 830
194 + 8.78
Zn-65 169 + 282 1.17
" 206 + 10.10 A
Mean= 197.7 + 5.25
237 = 439
232 £ 443
Co-60 0 = 3 .
o 20 + 509 225.0 3.75 105 | A
Mean= 2363 + 2.68

(1) Ratio = Reported/Analytics.
" - * Sample provided by Analytics, Inc.

A=Acceptable

U=Unacceptable
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TABLE 8-3 (Continued)

INTERLABORATORY INTERCOMPARISON PROGRAM
Gamma Analysis of Air Particulate Filter

SAMPLE JAF ELAB RESULTS REFERENCE LAB*
- DATE IDNO. MEDIUM | ANALYSIS 5Ci &1 sigma oCi 1 sigma RATIO (1)
9/12/2013 | E10616 | FILTER 274 + 18.00
' 284 = 19.00
-Cr-51 252 + 18.90 254 + '4.25 107 | A
280 -+ 21.10
Mean= 2725 + 9.64
147 + 841
135 + 8.48
Cs-134 141 + 9.24 158 + 2.64 089 | A
142 = 8.78
Mean= 1413 + 4.37
122 £ 4.00
131 + 4.07 _
Cs-137 120 = 4.21 120 = 2 106 | A
125 = 3.95
Mean= 1268 + 2.03
' 109 + 3.87
103 + 3.82
Co-58 109 = 422 99 + 1.65 107 | A
102 + 3.86
Mean= 1058 + 1.97
140 + 4.44
137 + 4.48
Mn-54 146 + 4.85 127 £ 213 111 | A
143. = 4.50 :
Mean= 1415 + 2.29
153 + 5.73
142 = 554
Fe-59 148 + 628 120 £ 2 123 | A
: 147 + 566
Mean= 1475 + 2.90-
292 = 1010
291 = 10.20
Zn-65 299 = 10.90 244 + 408 1200 | A
294 + 10.10 o
Mean= 294.0 =+ 5.17
187 = 406
192 % 4.09
Co-60 200 + 4.49 180 + 3 107 | A
194 + 4.02 '
Mean= 1933 + 2.08

(1) Ratio = Reported/Analytics.
* Sample provided by Analytics, Inc.

A=Acceptable

U=Unacceptable
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TABLE 8-3 (Continued). _
INTERLABORATORY INTERCOMPARISON PROGRAM
' Gamma Analysis of Soil

SAMPLE

ANALYSIS

JAF ELAB RESULTS

REFERENCE LAB*.

DATE | "|pno. | MEDIUM pCi/g 1 sigma pCi/g 1 sigma RATIO(D)
6/13/2013 | E10570 SOIL 0.081 = 0.018
0.121 % 0.020
0.097 + 0.020 -
Ce-141 . 009 = 0.00] 0.098 + 0.002 100 | A
0.082 = 0.025
Mean= 0.098 =+ 0.009
- 0215 * 0.082
0.283 + 0.083
Cr-51 0297 .+ 0011] 0271 = 0005 092 |.A
0:166 + 0.099 :
Mean= 0.249 =+ 0.032
T0.132 £ 0.029
"0.155 = 0.013
0.142 + 0.015] - _
Cs-134 0135 + 0024 | 0136 - 0.002: 1.11 A
S 0171 £+ 0.027 '
1 Mean= 0.151 + 0.010
. 0218 =+ 0017
0242 £ 0.016
0.193 "+ 0.016 |:
Cs-137 0242 & 0016 0.248 =+ 0.005. 092 | A
_ 0232 + 0016
(| Mean= 0.227 =+ 0.007
. 0.095 + 0013
0.063 = 0.012
0.074 + 0.012 : - \
.. Co-58 0.098 £ 0.013 0.192 + 0.002 077 | A
0.079 <+ 0.013
Meéan= 0.078 + -0.006
0.019 + 0.016,
10207 £ 0.015
0.178 + 0.015 e
Mn-54 0214 + 0016 0.186 + 0003 108 | A
© 0204 = 0.015
Mean=_ 0201 =+ 0.007
0.135 + 0.018
0.131 = 0.018] . .
0.115 + 0.017 . : : o
Fe-59 0.146 = 0018 0.130 *= 0.002 103 | A
0.141 = 0.020
Mean=_0.133 +. 0.008
(Continucd)
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"TABLE 8-3 (Continued) -

INTERLABORATORY INTERCOMPARISON PROGRAM
- Gamma Analysis of Soil (Continued) '

SAMPLE-

JAF ELAB RESULTS

REFERENCE LAB*

RATIO (1)

~ (1) Ratio = Reported/Analytics.
" * Sample provided by Analytics, Inc.

A=Acceptable

U=Unacceptable -
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DATE | IDNO. | MEDIUM | ANALYSIS pCi/g 1 sigma pCi/g +1 sigma
[76/1372013 | E10570 | SOIL | 0221 = 0029 —
: (Continued) 0.230 '+ 0.024 .
0.284 & 0.026 - ' :
Zn-65 0240+ oop4| 0236 = 0004 | 106 | A
. 0243 = 0.026
Mean= 0.249 = 0.012
0172 £ 0.013 |
Q175 + 0011 _
Co-60 ol g:g}é L0190 + 0003 093 | A~
_ 0.190 + 0.011 ' '
Mean= 0.177 + 0.005




TABLE 8-3 (Continued)
INTERLABORATORY INTERCOMPARISON PROGRAM

Gamma Analysis of Vegetation

SAMPLE JAF ELAB RESULTS REFERENCE LAB*
DATE 1D NO. MEDIUM | ANALYSIS pCilg +1 sigma oCilg +1 sigma RATIO (1)
6/13/2013 E10572 VEG ' 0.190 + 0.013
0.186 = 0.015 ]
Ce-141 0.197 = 0.011 0.215 + 0.004 0.87 A
0.177 + 0.013
Mean= 0.188 = 0.007
0.583 + 0.074
0.569 = 0.081 .
Cr-51 0.443 = 0.062 0.596 = 0.010 0.87 A
: . 0482 + 0.071
Mean= 0.519 + 0.036
0.256 + 0.029
0.259 + 0.025
Cs-134 0260 + 0.023 0.298 + 0.005° 0.87 A
0262 = 0.028 :
Mean= 0.259 + 0.013
0337 =+ 0.015 ,
0311 + 0.014
Cs-137 . 0318 + 0.012 0.259 + 0.006 1.21 A
0.287 + 0.014
Mean= 0.313 *= 0.007
0216 = 0.014
0216 = 0.012
Co-58 0.199 =+ 0.011 0.224 + 0.004 0.94 A
0212 = 0.014
Mean="0.211 + 0.006
0429 + 0.017
0.374 = 0.015
Mn-54 0369 = 0.014 0.409 = 0.007 0.95 A
0.387 + .0.017 : "
Mean= 0.390 + 0.008
0.295 = 0.019
0.285 + 0.018 .
Fe-59 0297 + 0.015 0.285 + 0.005 1.01 A
0273 = 0.018 :
Mean= 0.288 3+ 0.009
0494 + 0.032
0495 = 0.028
Zn-65 0.510 + 0.027 0.518 = 0.009 0.97 A
0.500 = 0.031 | '
Mean= 0502 + 0.015
0373 = 0.013
0402 = 0.012 .
Co-60 0.398 = 0.011 0417 £ 0.007 0.92 A
0.361 + 0.013
Mean= 0.384 + 0.006

(1) Ratio = Reported/Analytics.
* Sample provided by Analytics, Inc.

A=Acceptable

U=Unacceptable
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2013 ANNUAL QUALITY ASSURANCE REPORT FOR THE
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM (REMP)

1. Introduction
GEL Laboratories, LLC (GEL) is a privately owned environmental laboratory ‘dedicated to

providing personalized client services of the highest quality. = GEL was established as an
analytical testing laboratory in 1981. Now a full service lab, our analytical divisions use state of

' the art equipment and methods to provide a comprehensive array of organic, inorganic, and

radiochemical analyses to meet the needs of our clients.

At GEL, quality is emphasized at every level of personnel throughout the company.
Management’s ongoing commitment to good professional practice and to the quality of our
testing services to our customers is-demonstrated by their dedication of personnel and resources’
to develop, implement, assess, and improve.our technical and management operations.

The purpose of GEL's quality assurance program is to establish policies, procedures, and
processes to meet or exceed the expectations of our clients. To achieve this, all personne! that
support these services to our clients are introduced to the program and policies during their initial
orientation, and annually thereafter during company-wide training sessions.

GEL’s primary goals are to ensure that all measurement data generated are scientifically and
legally defensible, of known and acceptable quality per the data quality objectives (DQOs), and
thoroughly documented to provide sound support-for environmental decisions. In addition, GEL
continues to ensure compliance with all contractual requirements, environmental standards, and
regulations established by local, state and federal authorities.

GEL administers the QA program in accordance with the Quality Assurance Plan, GL-QS-B-001.
Our Quality Systems include all quality assurance (QA) policies and quality control (QC)
procedures necessary to plan, implement, and assess the work we perform. GEL's QA Program
establishes a quality management system (QMS) that governs all of the activities of our
organization.

This report entails the quality assurance program for the proficiency testing and environmental
monitoring aspects of GEL for 2013. GEL's QA Program is designed to monitor the quality of
analytical processing associated with environmental, radlobloassay, effluent (10 CFR Part 50),
and waste (10 CFR Part 61) sample analysis. .

This report covers the category of Radiological Environmental Momtonng Program (REMP) and
includes:

s Intra-laboratory QC resuits analyzed during 2013
e Inter-laboratory QC results analyzed dunng 2013 where known values were avallable
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2. Quality Assurance Programs for Inter-laboratory, Intra-laboratory and Third Party
Cross-Check

‘In addition to internal and client audits, our laboratory participates in annual performance
evaluation studies conducted by independent providers. We routinely participate in the following
types of performance audits:

_Pfof ciency testing and other inter-laboratory comparisons

Performance requirements necessary to retain Certifications

Evaluation of recoveries of certified reference and in-house secondary reference
materials using statistical process control data.

Evaluation of relative percent difference between measurements through SPC data.

We also participate in a number of proficiency testing programs for federal and state agencies -
and as required by contracts. It is our policy that no proficiency evaluation samples be analyzed
in any special manner. Our annual performance evaluation participation generally includes a
combination of studies that support the following:

US Environmental Protection Agency Discharge Monitoring Report, Quality Assurance
Program (DMR-QA). Annual national program sponsored by EPA for laboratories
engaged in the analysis of samples associated with the NPDES monitoring program.
Participation is mandatory for all holders of NPDES permits. The permit.holder must
analyze for all of the parameters listed on the discharge permit. Parameters mclude
general chemistry, metals, BOD/COD, oil and grease, ammonia, nitrates, etc.

Department of Energy Mixed Analyte Performance Evaluation Program (MAPEP). A
semiannual program developed by DOE in support of DOE contractors performing waste
analyses. Participation is required for all laboratories that perform environmental
analytical measurements in support of environmental management activities. This

-program includes radioactive isotopes in water, soil, vegetation and air filters.-

ERA’s MRAD-Multimedia Radiochemistry Proficiency test program. This program is for
labs seeking certification for radionuclides in wastewater and solid waste. The program is
conducted in strict compliance with USEPA National Standards for Water Proflmency
study. .

ERA’s InteLaB RadCheM Proficiency Testing Program for radiological analyses. This
program completes the process of replacing the USEPA EMSL-LV Nuclear Radiation
Assessment Division program discontinued in 1998. Laboratories seeking certification for
radionuclide analysis in drinking water also use the study. This program is conducted in-
strict compliance with the USEPA National Standards for Water Proficiency Testing -
Studies. This program encompasses Uranium by EPA method 200.8 (for drinking water
certification in Utah/Primary NELAP), gamma emitters, Gross Alpha/Beta, lodine-131,

naturally occurring radioactive isotopes, Strontium-89/90, and Tritium.
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e ERA's Water. Pollution (WP) biannual program for waste methodologies includes
~ parameters for both organic and inorganic-analytes.

e ERA's Water Supply (WS) biannual progrém for drinking water methodologies includes
parameters for organic and inorganic analytes. '

« Environmental Cross-Check Progfam administered by Eckert & Ziegler Analytics, Inc.
This program encompasses radionuclides in water, soil, milk, naturally occurring
radioactive isotopes in soil and air filters. '

GEL procures single-blind performance evaluation samples from Eckert & Ziegler Analytics to
verify the analysis of sample matrices processed at GEL. Samples are received on a quarterly
basis. GEL's Third-Party Cross-Check Program provides environmental matrices encountered
in a typical nuclear utility REMP. The Third-Party Cross-Check Program is intended to meet or
exceed the inter-laboratory comparison program requirements discussed in NRC Regulatory
Guide 4.15. Once performance evaluation samples have been prepared in accordance with the
instructions provided by the PT provider, samples are managed and analyzed in the same
manner as environmental samples from GEL's clients:

3. Quality Assurance Program for Internal and External Audits

During each annual reporting period, at least one internal assessment of each area of the
laboratory is conducted in accordance with the pre-established schedule from Standard
Operating Procedure for the Conduct of Quality Audits, GL-QS-E-001. The annual internal audit
plan is_reviewed for adequacy and includes the scheduled frequency and scope of quality control
actions necessary to GEL's QA program. Internal audits are conducted at least annually in
accordance with a schedule approved by the Quality Systems Director. Supplier audits are
contingent upon the categorization of the supplier, and may or may not be conducted prior to the
use of a supplier or subcontractor. Type | suppliers and subcontractors, regardless of how they
were initially qualified, are re-evaluated at least once every three years.

In addition, prospective customers audit GEL during pre-contract audits. GEL hosts several
external audits each year for both our clients and other programs. These programs include
environmental monitoring, waste characterization, and radiobioassay. The following list of
programs may audit GEL at least annually or up to every three years depending on the program.

NELAC, National Environmental Laboratory Accreditation Program

DOECAP, U.S. Department of Energy Consolidated Audit Program

DOELAP, U.S. Department of Energy Laboratory Accreditation Program

DOE QSAS, U.S. Department of Energy, Quality Systems for Analytical Services
ISO/IEC 17025:2005 _

A2LA, American Association for Laboratory Accreditation

DOD ELAP, US Department of Defense Environmental Accreditation Program
NUPIC, Nuclear Procurement Issues Committee

South Carolina Department of Heath and Environmental Control (SC DHEC)

¢ & 6 &6 6 6 0o o O

The annual radiochemistry laboratory internal audit (13-RAD-001) was conducted in August
2013. Three (3) findings, two (2) observations, and one (1) recommendations resulted from this
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assessment. By October, 2013 each fmdmg was closed and appropnate Iaboratory staff
addressed each observation and recommendatlon ' :

4. Performance Evaluation Acceptance Criteria for EhVirohmenial Safnble Analysis

GEL utilized an acceptance protocol based upon two performance models. For those inter-
laboratory programs that already have established performance criteria for bias (i.e., MAPEP,
and ERA/ELAP), GEL will utilize the criteria for the specific program. For intra-laboratory or third
party quality -control programs that do not have a specific acceptance criteria (i.e. the Eckert-
“Ziegler Analytics Environmental Cross-check Program), results will be evaluated in accordance.
with GEL’s internal acceptance criteria, .

5. Performance Evaluatioh Samples

Performance Evaluation (PE) results and internal quality control sample results are evaluated in
accordance with GEL acceptance criteria. The first criterion concerns bias, which ‘is defined as

- the deviation of any one result from the known value. The second criterion concerns_precision,
which deals with the ability of the measurement to be replicated by companson of an individual
result with the mean of all results for a given sample set. :

At GEL, we also evaluate our analytical performance on a regular basis through statistical
process control (SPC) acceptance criteria. Where feasible, this criterion is. applied to both
measures of precision and accuracy and is specific to sample matrix. We establish environmental
process control limits at least annually.

For Radiochemistry analysis, quality control evaluation is based on static limits rather than those
that are statistically derived. Our current process ‘control limits are maintained in GEL’s
AlphalLIMS. We also measure precision with matrix duphcates and/or-matrix spike duplicates.
.The upper and lower control limits (UCL and LCL respectively) for precision are plus or minus .
three times the standard deviation from the mean of a series of relative percent differences. The
static precision criteria for radiochemical analyses are 0 - 20%, for activity levels exceedlng the
contract required detection limit (CRDL).

6. Quality Control Program for Environmental Sample Analysis

GEL’s intemal QA Program is. designed. to include QC functions such as instrumentation
_ calibration checks (to insure proper instrument response), blank samples, instrumentation

‘backgrounds, duplicates, as well as overall staff qualification analyses and statistical process
controls. Both quality control and qualification analyses samples are used to be as similar as the
matrix type of those samples submitted for analysis by the various laboratory clients. These
performance test samples (or performance’ evaluation samples) are either actual sample
submitted in duplicate in order to evaluate the precision of laboratory ‘measurements, or fortified
blank samples, which have been given a known quantity of a radnoxsotope that is in the mterest to
GEL's clients.

Accuracy (or Bias) is measured through laboratory control samples. and/or matrix spikes, as well -
as surrogates and internal standards. The UCLs and LCLs for accuracy are plus or minus three -
times the standard deviation from the mean of a series of recoveries. The static limit for
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radiochemical analyses is 75 - 125%. Specific instructions for out-of-control situations are
provided in the applicable analytlcal SOP.

GEL's Laboratory Control Standard (LCS) is an aliquot of reagent water or other blank matrix to
which known quantities of the method analytes are added in the laboratory. The LCS is analyzed
exactly like a sample, and its purpose is to determine whether the methodology is in control, and
whether the laboratory is capable of making accurate and precise measurements. Some methods
may refer to these samples as Laboratory Fortified Blanks (LFB). The requirement for recovery
is between 75 and 125% for radiological analyses excluding drinking water matrix.

Bias (%) = (observed concentration) * 100 %

(known concentration)

Precision is a data quality indicator of the agreement between measurements of the same
property, obtained under similar conditions, and how well they conform to themselves. Precision
is usually expressed as standard deviation, vanance or range in either absolute or relatlve

(percentage) terms : '

GEL'’s laboratory duplicate (DUP or LCSD) is an allquot of a sample taken- from the same
container and processed in the same manner under identical laboratory conditions. The aliquot is
analyzed independently from the parent sample and the results are compared to measure
precision and accuracy.

If a sample duplicate is analyzed, it will be reported as Relative Percent Difference (RPD). The
RPD must be 20 percent or less, if both samples are greater than 5 times the MDC. If both
results are less than 5 times MDC, then the RPD must be equal to or less than 100%. If one
result is above the MDC and the other is below the MDC, then the RPD can be calculated using
the MDC for the result of the one below the MDC. The RPD must be 100% or less. In the
situation where both results are above the MDC but one result is greater than 5 times the MDC
and the other is less than 5 times the MDC, the RPD must be less than or equal to 20%. If both
results are below MDC, then the limits on % RPD are not applicable.

. Difference (%) = (high duplicate result — low duplicate resuit) * 100 %

(average of resuilts)
7. Summary of Data Results

During 2013, forty-four (44) radiocisotopes associated with seven (7) matrix types were analyzed
under GEL's Performance Evaluation program in participation with ERA, MAPEP, and Eckert &
Ziegler Analytics. Matrix types were representative of client analyses performed during 2012. Of
the four hundred twenty-three. (423) total results reported, 97% (410 of .423) were found to be
acceptable. The list below contains the type of matrix evaluated by GEL.

Air Filter
Cartridge
Water
Milk

Soil
Liquid
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e Vegetation

Graphs are provided in Figures 1-9 of this report to allow for the evaluation of trends or biases.
These graphs include radioisotopes Cobalt-60, Cesium-137, Tritium, Strontium-90, Gross Alpha
Gross Beta, lodine-131, Americium-241, and Plutomum-238

8. Summary of Participation in the Eckert & Zlegler Analytlcs Environmental Cross-Check -
Program

Eckert & Ziegler Analytics provided samples for eighty-nine (89) individual environmental
analyses. THe accuracy of each result reported to Eckert & Ziegler Analytics, Inc. is measured -
by the ratio of GEL’s result to the known value. All results fell within GEL's acceptance criteria
(100%). . .

9. Summary of Participation in the MAPEP Monitoring Program

MAPEP Series 27, 28 and 29 were analyzed by the laboratory. Of the one hundred thirty-eight
(138) analyses, 96% (133 out of 138) of all results fell within the PT provider's acceptance
criteria. Five analytical failures occurred: Uranium-238/235 and Total Uranium in vegetation by
ICP/MS, and Uranium-234/233, and Urabuyn-238 by Alpha Spectroscopy. '

For the corrective actions associated with MAPEP Series 28, refer to CARR130513-789 which is
detailed in Table 8.

"10. Summary of Participation in the ERA MRaD PT Program

The ERA MRad program provided samples (MRAD-18 and MRAD-19) for one hundred fifty (150)
individual environmental analyses. One hundred forty-five (145) of the 150 analyses fell within the
PT provider's acceptance criteria (97%). Five analytical failures occurred: Cesium-134, Cesium-
137 and Zinc-65 in soil, and Uranium-234 and Total Uranium in vegetation.

For the corrective actions associated with MRAD-18 and MRAD- 19 refer to CARR130522-791
and CARR131205-845 which are detailed in Table 8.

11. Summary of Participation in the ERA PT Program

The ERA program .provided samples (RAD-92 and RAD-94) for forty-six (46) individual
environmental analyses. Of the 44 analyses, 93% (43 out of 44) of all results_fell within the PT
provider's acceptance criteria. Two analytical failures occurred: Gross Alpha and Strontium-89 in
water. '

For the corrective actions associated with RAD-92 refer to corrective actions CARR1 30826-810
(Table 8).

12. Corrective Action Request and Report (CARR)

There are two categories of corrective action at GEL. One is corrective action implemented at the
analytical and data review level in accordance with the analytical SOP. The other is formal
corrective action documented by the Quality Systems Team in accordance with GL-QS-E-002. A
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formal comective action is initiated when a nonconformance reoccurs or is so significant that
permanent elimination or prevention of the problem is required. Formal corrective action
investigations include root cause analysis.

GEL includes quality requirements in most analytical standard operating procedures to ensure
that data are reported only if the quality control criteria are met or the quality control measures
that did not meet the acceptance criteria are documented. A formal comrective action is
implemented according to GL-QS-E-002 for Conducting Corrective/Preventive Action and
Identifying Opportunities for Improvement. Recording and documentation is performed following
guidelines stated in GL-QS-E-012 for Client NCR Database Operation.

~ Any employee at GEL can identify and report a nonconformance and request that corrective
action be taken. Any GEL employee can participate on a corrective action team as requested by -
the-QS team or Group Leaders. The steps for conducting corrective action are detailed in GL-QS-
E-002. In the event that correctness or validity of the laboratory’s test results in doubt, the
laboratory will take corrective action. If investigations show that the results have been impacted,
affected clients will be informed of the issue in writing within five (5) calendar days of the
discovery. :

Table 8 provides the status of CARRs for radiological performance testing during 2013. It has
been determined that causes of the failures did not impact any data reported to our
clients. '
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TABLE 1

2013 RADIOLOGICAL PROFICIENCY TESTING RESULTS AND ACCEPTA'NCE CRITERIA

PT Quarter / | Analytical Sample ‘ GEL Known Acceptance .
Provider Year Date Sample Number Media Unit Analyte / Nuclide Value value Range/ Ratio Evaluation
MAPEP | 1sV 2013 | 02/27/13 SE PFE? 1 Filter Bg/sample | Uranium-234/233 0.0143 0.0155 0.0109-0.0202 Acceptable
MAPEP | 1st/2013 | 02/27/13 (F:SISIIE 10 e Filter Bg/sample Uranium-238 0.0999 0.098 0.069-0.127 Acceptable
EZA 4th/2012 | 02/01/13 | E10323 Cartridge pCi lodine-131 7.31E+01 | 7.29E+01 1.00 Acceptable
EZA 4th/2012 02/01/13 | E10324 Milk pCilL Strontium-89 9.89E+00 | 1.38E+01 . 0.72 Acceptable
EZA 4h/2012 02/01/13 | E10324 Milk pGilL - Strontium-90 9.83E+00 | 1 .48E+01 1.02 _Acceptable
EZA 4th/2012 02/01/13 E10325 Milk pCi/L. lodine-131 9.57E+01 ] 9.00E+01 ' 1.06 Acceptable
EZA. 4th/2012 | 02/01/13 | E10325 Milk pCillL Chromium-51 3.676+02 | 3.48E+02 1.06 Acceptable
EZA 4th/2012 02/01/13 | E10325 Milk pCi/L . Cesium-134 1.54E+02 | 1.65E+02 0.93 Acceptable
EZA- 4th/2012 02/01/13 .| E10325 Milk pCiilL Cesium-137 1.18E+02 | 1.17E+02 1.01 Acceptable
EZA 4th/2012 02/01/13 E10325 Milk _pCilL Caobalt-58 9.85E+01 | 9.85E+01 1 “Acceptable
EZA 4th/2012 02/01/13 | E10325 Milk pCi/L Manganese-54 1.16E+02 | 1.16E+02 1 Aloceglable
EZA 4ih/2012 02/01/13 | E10325 Milk pCilL Iron-59 1.33E+02 | 1.16E+02 1.15 Acceptable
EZA 4th/i2012 02/01/13 | E10325 Milk pCilL Zinc-65 3.19E+02 | 2.91E+02 1.09 Acceptable
EZA 412012 | 02/01/13 ) E10325 Milk pCilL Cobéllli‘o 1.73E+02 | 1.70E+02 1.02 Acceptable
EZA 4th/2012 02/01/13 | E10325 Milk pCi/L Cesium-141 5.38E+01 | 5.10E+01 1.05 Acceptable
EZA 4th/2012.1 02/01/13 | E10380 Water pCilL lodine-131 7.47E+01 } 7.25E+01 1.03 Ac(:gpiable
EZA 4th/2012 | 02/01/13 | E10380 Water pCiiL Chromium-51 3.81E+02 | 3.62E+02 1.05 Acceptable
EZA 4th/2012 | 02/01/13 | E10380 . Water pCilL Cesium-134 1.57E+02 | 1.73E+02 | 0.91 Acceptable
EZA 4th/2012 | 02/01/13 | E10380 Water pCilL Cesium-137 1.25E+02 | 1.22E+02 1.03 Acceptable
-EZA 4th/2012 | 02/01/13 - | E10380 Water pCilL Cobalt-58 1.02E+02 | 1.03E+02 0.99 Acceptable
EZA 4th/2012 02/01/13 | E10380 Water. pCVL Manganese-54 1.286+02 | 1.21E+02 1.06 ' Acceptable
EZA 4th/2012 02/01/13 | E10380 Water pCiL l lron-59 - 1.38E+02 | 1.21E+02 1.14 Acceptable
EZA 4thi2012 | 02/01/13 | E10380 Water pCilL Zinc-65 2.13E+02 | 1.94E+02 1.1 Acceptable
EZA 4th/i2012 02/01/13 | E10380 Water pCilL Cobalt-60 1.80E+02 | 1.77E+02 1.01 Acceptable
ERA 15t/ 2013 | 02/28/13 } RAD -92 Water pCi/L Barium-133 554 54.4 44.9-60.2 Acceptable |
ERA 15t/ 2013 | 02/28/13 | RAD-92 Water pCill. Ceslum-134 27.2 29.9 23.4-32.9 Acceptable
ERA 1st/ 2013 | 02/28/13 | RAD - 92 Water pCilL Cesium-137 743 '75.3 67.8-85.5 Acceptable
- ERA 15t/ 2013 | 02/28/13 | RAD - 92 Water pCi/L Cobalt-60 88.0 97.7 87.9-110 Acceptable
ERA 1st/ 2013 | 02/28/13 | RAD - 92 Water pCi/L Zinc-65 126 114 103-136 Acceptable
ERA 1st/ 2013 | 02/28/13 | RAD-82 Water pCi/lL Gross Alpha 26.0 24.8 12.5-33.0 Acceptable
ERA 15t/ 2013 | 02/28/13 | RAD-92 Water pCill. . -Gross Beta 19.4 19.3 11.3-27.5 Acceptable
ERA 1312013 | 02/28/13 | RAD - 92 Water - pCill, Gross Alpha 3.4 248 12.5-33.0 Acceptable
ERA 18t/ 2013 | 02/28/13 | RAD-92 Water _DCML_ Radium-226 10.4 9.91 7.42-11.6 Acceptable _
ERA 15V 2013 | 02/28/13 | RAD-92 -Water bCi/L _Radium-228 4.84 5.22 3.14-6.96 Acceplable
ERA 1st/ 2013 | 02/28/13 | RAD - 92 Water _ pCilL Uranium (Nat) 6.43 5.96 4.47-7.13 Acceptable
) _ Uranium (Nat)
ERA 1st/ 2013 | 02/28/13 | RAD - 92 Water _ug/L mass 9.59 -8.69 6.50-10.4 Acceptable
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ERA_ | 1sv2013 | 0228113 | RAD-92 . Water pCilL Radium-226 11.60 991 7.42-11.6 Acceptable_-
ERA__ | 1sv2013 | 02/28/13 | RAD - 92 Water pCilL Radium-228 5.13 522 3.14-6.96 Acceptable
ERA | 1sv2013 | 02/28/13 | RAD-92 Water pCiL._| . Uranium (Nat) 5.95 5.96 4.47-7.13 Acceptable |
. _ . : Uranium (Nat) ' I -
ERA 1st/ 2013 | 02/28/13 | RAD-92 Water ugft mass - 9.95 8.69 . 6.50-10.4 -Acceptable
ERA | 1sv2013 | o02/28113 | RAD-92 Water pCill Tritium 1430 1320 . | . 1040-1480 Acceptable
ERA | 1st/2013 | 02/28/13 | RAD-92. Water pCilL Strontium-89 415 48 . 37.6-553 | Acceptable
- ERA | 1sv 2013 | 02/28113 | RAD-92 Water __pGilL ' Strontium-90 35.9 39.8 29.2-45.8 Acceptable -
ERA 1st/ 2013' 02/28/13 RAD - 92 Water pCi/L Strontium-89 42.9 48 37.6-55.3 Acceptable '
ERA 1st/ 2013 02/28/ 13 | RAD-92 Water pCi/L. Strontium-90 34.6 39.8 .29.2-45.8 A’cceptable i
. ERA. ] 1sv2013 | 022813 | RAD-92 Water pCilL. lodine-131 236 227. 18.8:27.0 Acceptable
“ERA | 1sv2013 ] 02/28113 | RAD-92 ‘Water pGilL lodine-131 27 227 18.8-27.0 Acceptable
gzA__ | 1sv2013 | 0425113 | E10469 Cartridge | pCi _lodine-131 -9.38E+01 | 9.27E+01 101l Acceptable
ezA_ | 1sv2013 | 0425113 | E10470° Milk pCilL Strontium-89__ | 1.07E+02 | 9.97E+01 107 | Acceptable
EZA 1st/ 2013 | 04/25/13 | E10470 Milk pCi/k Strontium-90 1.18E+01 1.10E+01 1.07 Acceptable
“gzA | 1572013 | 0425113 | Ev047 Milk pCilL lodine-131 - | 3.54E+00 | 1.67E+00_ 1,12 Acceptable
- EzA | 1sv2013 | 04125113 | E10471 Milk pCilL Cerlum-141 | 2.00E+01 | 1.87E+01 1.07 _Acceptable
ezA | 1sv2013 | oazsn3 | E10471. Milk .pCi.__| _Chromium-51__| 5.00E+01 | 4.72E+01 1.08 Acceptable -
| eza . | 1st2013 | 042513 | E10471 Milk pCilL. Cesium-134 | 2.06E+02' | 2.14E+02 © 0.96 Acceptable
" Eza | 1su2013] o0ar2sn3 | E10a71 Milk pCiL Cesium-137 | 2.836+02 | 2.66E+02 107, Acceptable
‘eza | 1sv2013 | 0425113 | E10471 Milk pGilL.° Cobalt-58 | 2.19E+02-| 2.08E+02 1.05 Acceptable |
Eza_ | 1sv2013 | o0a25113_| E10471 Milk pCilL Mn-54 2.21E+02 | 2,08E+02 1.06 Acceptable
Eza__| 15172013 | 04125113 | E10471 Milk__ pCilL Iron-59 _2.78E+02 | 2.52E+02 13 Acceptable
EZA | 152013 | 04125113 | E10471 " Milk pGilL Zinc-65 3.39+02 | 3.01E+02 113 Acceptable
ezA__ | 1sv2013 | 0425113 | E10471 Milk pGill - Cobait-60 4.02E+02 | 4.00E+02 1.01 . Acceptable
EzA_ | 1sv2013 | 04125113 | E10472 Water pCilL lodine-131 | 1.12E+02 | 9.28E+01 1.21 Acceptablé -
gzA__ | 1str2013 | o0ar2s113 | E10472 Water pCilL Cerium-141 1.88E+02 | 1.79E+02 1.05 Acceptable * |
EzA_ | 1sv2013 | 0425113 | E10472 Water pCilL Chromium-51__| 4.84E+02 | 4.52E+02 1.07 Acceptable
EzA | 1sv2013 | o4s25/13 | E10472 Water poiL Cesium-134 | 1.96E+02 | 2.05E+02 | 0.96_ _Acceptable .|
gzA | 1sv2013 | 042513 | E10472 Water pCilL Cesium-137___| 2.71E+02 | 2.54E+02 1.07 _Accéptable |
EZA I 1st/2013 | 04/25/13 | £10472 Water pCilL Cobalt-58 2.03E+02 | 1.99E+02 1.02 . Accéptable '
£za_ | 1sv2013-] 042513 | E10472 Water pGilL Mn-54 2.15E+02 | 1.99E+02 1:08 _Acceptable |
EZA "} 15V2013 | 0412513 - | E10472 Water pGilL Iron-59 2.67E+02 | 2.41E+02 1.11 Acceptable
EZA. | 1su2013 | 0412513 | E10472 Water. pCill Zinc-65 3.14E+02 | 2.88E+02 1.09 |  Acceptable
EzA_ | 1sv2013 | 042513 | Et0472 Water pGilL Cobalt-60 3.926+02 | 3.83E+02 102 Acceptable .
MAPEP | 2ndr013 | 0513113 | meper.araieas Fiter | Ba/sample |  Gross Alpha 0656 | 1.20 0.36-204 | Acceptable |
MAPEP_| 2nd/2013 | 051313 | maperargroe Filter | Ba/sample |  Gross Beta ‘0954 | o085 0.43-1.28 - | Acceptable
MAPEP | 2ndi2013 | 05/13113 | mapep-13-magos Soil mg/kg Americiui-241 118 113 . 79-147 |_Acceptable
MAPEP | 2ndr2013 | 05/13/13 | ‘mapEP-13mas2s Soll mglkg Cesium-134 829 887 _ 621-1153 Acceptable
MAPEP 2nd/2013 §{ 05/13/13 | MAPEP-13-MaS28 Soil mg/kg Cesium-137 623 587 411763 Acceptable. -
MAPEP | 2nd/2013 | 085/13/13 | wmapep-13:mas2s Soil makg Cobalt-57 1.04 0 False Pos Test | Acceptable _
MAPEP_|} 2nd/2013 | 05/13/13 | maPep-13.Mas528 Soil mg/kg Cobalt-60 737 691 484-898 _Acceptable
MAPEP | 2nd/2013 | 051313 | mapep.13maszs Sail_ mg/kg _lron-55 0380 | o False Pos Test | Acceptable
MAPEP | 2nd/2013 | '05/13/13 | MAPEP-13-MaS28 - Soll mh/kq Manganese-54 0.760 0 False Pos Test Acce) table ]
‘MAPEP_| 2ndi2013 | 051313 | mapep.1smes2e Soil mg/kg Nickel-63 719 670 469871 Acceptable |
MAPEP | 2nd/2013 | 05/13/13 | mapep.1zmesis -_Soil ma/kg Plutonium-238 | 0.571 0.52 Sens. Eval. | Acceptable |-
‘MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-MaS28 Soil ma/kg Plutonium- 77.70 79.5 TAccemable_ 2

-55.7-103.4
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MAPEP ) 2nd/2013 | 05/13/13 | MAPEP.13:MaS28 Soil mg/kg Potassium-40 713 625 438-813 Acceptable
MAPEP. | 2nd/2013 05/13/13 MAPEP-13-MaS28 . Sail mg/kg Strontium-90 693.0 628 440-816 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-MaS28 Soil mg/kg Technetium-99 419.0 444 311-577 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-MaS28 Soil __ mg/kg Uranium-234/233 60.0 62.5 43.8-81.3 Acceplable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-Ma$28 Soil’ mg/kg Uranium-238 274 281 197-365 Acceptable
MAPEP | 2nd/2013 05/13/13 MAPEP-13-Ma$28 Soil mg/kg Zinc-65 1130 ' 995 697-1294 "Acceptable -
MAPEP | 2nd/2013 05/13/13 MAPEP-13-MaW28 Water " Bag/L Americium-241 0.690 '0.689 0.428-0.896 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | mAPEP-13-Mawzs Water Ba/l Cesium-134 21.1 24.4 17.1-31.7 Acceptable’
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13.Maw2g Water. Bg/l - Cesium-137 0.10 0.0 False Pos Test | Acceptable
MAPEP | 2nd/2013 | 0513/13 | mapep-13.mawas Water Bq/L Cobalt-57 31.0 30.9 21.6-40.2 Acceptable
MAPEP | 2nd/2013 | 05/13/13 MAPEP-13-MaW28 Water Bq/L Cobalt-60 19.4 19.6 13.7-25.4 Acceptable
MAPEP | 2nd/2013 05/13/13 MAPEP-13-MaW?28 Water Bg/L Hydrogen-3 517 507 355-659 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | maPEP-13-Maw2s Water - Bg/L {ron-55 39.7 44.0 30.8-57.2 Acceptable
MAPEP | 2nd/2013 { 05/13/13 | MAPEP-13-Maw28 Water - Bg/L Manganese-54 28.0 27.4 19.2-35.6 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-Maw2s. Water BgiL Nickel-63 32.9 334 234-43.4 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-Maw2g Water Bg/L Plutonium-238 0.825 0.884 0.619-1.149 Acceptable
MAPEP | 2ndf2013 | 05/13/13 | mAPEP-13-Maw28 Water Ba/l Pu-239/240 0.0162 0.0096 Sens. Eval. Acceptable
MAPEP | 2nd/2013 § 05/13/13 | MAPEP-13-Maw28 Water Bg/L Potassium-40 -0.471 0 False Pos Test Acceptable
MAPEP | 2nd/i2013 | 05/13/13 | MAPEP-13-Maw2s Water Bg/L Strontium-90 12.5 105 7.4-13.7 Acceptable
MAPEP | 2nd/2013 { 05/13/13 | MAPEP-13-Maw28 Water Ba/L Technetium-99 12.9 13.1 9.2-17.0 Acceptable
" MAPEP | 2nd/2013 05/13/13 MAPEP-13-MaW28 Water Bg/L Uranium-234/233 0.289 0.315 0.221-0.410 Acceptable
MAPEP | 2nd/2013 | 05/13/13 MAPEP-13-Maw28 Water Bg/L Uranium-238 1.81 1.95 1.37-2.54 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | mMAPEP-13.Maw28 Water Bq/L Zinc-65 32.8 30.4 21.3-39.5 Acceptlable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-Gw28 Water Bq/L Gross Alpha 2.60 2.31 0.69-3.93 Accepiable
MAPEP ] 2nd/2013 | 05/13/13 | MAPEP-13-GwW28 Water Bg/L Gross Beta 14.2 13.0 6.5-19.5 _Acceplable
MAPEP § 2nd/2013 | 05/13/13 |} MAPEP-13-Xawzs Water Bg/L lodine-129 5.94 6.08 4.24-7.88 Acceptable
MAPEP | 2nd/2013 05/13/13 | MAPEP-13-RdF28 Filter ug/sample Uranium-235 0.036 0.036 0.025-0.047 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13.RdF28 Fiiter ug/sample Uranium-238 18.0 18.6 13.0-24.2 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-RdF28 Filter ug/sample Uranium-Total 17.7 18.6 13.0-24.2 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-RdF28 Filter ug/sample Americium-241 0.106 0.104 - 0.073-0.135 Acceplable
MAPEP [ 2nd/2013 05/13/13 MAPEP-13-RdF28 Filter Bg/sample Cesium-134 1.75 1.78 1.25-2.31 Acceptable
MAPEP | 2nd/i2013 | 05/13/13 | maPEP-13-RdF28 Filter Bg/sample | Cesium-137 2.71 2.60 1.82-3.38 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-RdF28 Filter Bg/sample Cabalt-57 2.51 2.36 _1.65-3.07 Acceptable
| MAPEP_| 20d/2013 | 05/13/13 | mapep-13.RdF28 Filter Bq/sample Cobait-60 0.005 0.00 False Pos Test | Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-RdF28 Filter | Bg/sample | Manganese-54 4.43 4.26 2.98-5.54 Acceptable -
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-RdF28 Filter Ba/sample | Plutonium-238 0.124 0.127 _0.089-0.165 Acceptable
MAPEP _ | 2nd/2013 | 05/13/13 | MAPEP-13.RdF28 Filter Bg/sample Pu-239/240 0.118 0.1210 0.085-0.157 Acceptable
| _MAPEP_| 2nd/2013 | 05/13/13 ] MAPEP-13.RdF28 -Filter Bg/sample Strontium-90 1.54 1.49 1.04-1.94 Acceptable
MAPEP | 2nd/2013 05/13/13 MAPEP-13-RdF28 Filter Bg/sample | Uranium-234/233 0.0342 0.0318 0.0223-0.0413 Acceptable
MAPEP | 2nd/2013 ] 05/13/13 | MAPEP-13-RdF28 Filter Bg/sample Uranium-238 0.230 0.231 0.162-0.300 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-RdF28 Filter Bg/sample Zinc-65 3.38 3.13 2.19-4.07 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-GrF28 Filter Bg/sample Gross Alpha 0.656 1.20 0.36-2.04 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MaPEP-13-GrF28 Filter Bg/sample Gross Beta 0.95 0.85 0.43-1.28 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-RdF28 Filter Bg/sample | Americium-241 0.106 0.104 0.073-0.135 Acceptable
MAPEP | 2nd/2013 | 0511313 | mapEp.13.Rov2s Vegetation | ug/sample Uranium-235 0.0029 0.001 0.0009-0.0017 | Not Accept. |
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-Rdv28 Vegetation | ug/sample Uranium-238 0.419 0.180 0.13-0.23 Not Accept.
MAPEP_| 2nd/2013 | 05/13/13 | mAPEP-13.Rdv28 Vegetation | ug/sample Uranium-Total 0.4219 0.180 0.13-0.23 Not Accept, |
MAPEP | 2nd/2013 | 05/13/13 | mapEP.13.Rdv28 Vegetation | ug/sample Americium-241 0.1350 0.140 0.098-0.182 ' Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-Rdv28 Vegelation | Bg/sample Cesium-134 0.0525 0.00 False Pos Test | Acceptable
| MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-RdV28 Vegetation_ | Bg/sample Cesium-137 7.13 6.87 _4.81-3.93 Acceptable
MAPEP | 2nd/2013 | 05/13/13 MAPEP-13-RdV28 Vegetation | Bg/sample Cobait-57_ 8.86 8.68 6.08-11.28 Acceptable
2nd1201'3. 05/13/13 | MAPEP-13-Rdvz8 Vegetation | Bg/sample : Cobalt-60 6.07 5.85 4.10-7.61 Acceptable |
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MAPEP | 2ng/2013 | 05/13/13 | MAPEP-13.RdV28 Vegetation | Bg/sample | Manganese-54 -0.002 - 0.00 False Pos Test Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-RdV28 Vegetation | Bg/sample Plutonium-238 0.110 0.110 0.077-0.143 Acceptable
MAPEP | 2nd/2013 | 05/13/13 | MAPEP-13-RdV28 Vegelatioh Bg/sample Pu-239/240 0.113 0.123 0.086-0.160 Acceptable
MAPEP_| 2nd/2013 | 05/13/13 _| MAPEP-13.Rdv28 Vegetation | Bg/sample Strontium-90 1.358 1.64 1.15-2.13 Acceptable
MAPEP | 2nd/2013 | 05/13/13_ | MAPEP-13-Rdv28 Vegetation | Bg/sample | Uranium-234/233 0.0081 0.0038 Sens. Eval. Not Accept.
MAPEP | 2nd/2013 | 05/13/13 | MAPEP.13.Rdv28 Vegetation | Ba/sample Uranium-238 0.00489 0.002 Sens. Eval. Not Accept.
MAPEP | 2nd/2013 | 05/13/13 MAPEP-13-RdV28 Vegetation | Bg/sample Zinc-65 6.59 6.25 4.38-8.13 Acceptable
ERA 2nd/2013 | 05/22/13 MRAD-18 Soil pCitkg Actinium-228 1500 1240 795-1720 Acceptable
ERA | 2nd/2013 05/22/13 MRAD-18 Soil pCilkg Americiuim-241 - _ 225 229 134-297 Acceptable
ERA 2nd/2013 05/22/13 MRAD-18 Soil pCi/kg Bismuth-212 1250 1240 330-1820 Acceptable '
ERA 2nd/2013 05/22/13 MRAD-18 Soil pCilkg Bismuth-214 4410 3660 2200-5270 | Acceptable
ERA 2nd/2013 | 05/22113 | MRAD-18 Soil pCitkg Cesium-134 7850 6370 4160-7650 Not Accept.
ERA 2nd/2013 | 05/22/13 | MRAD-18 Soil pCitkg Cesium-137 8070 6120 4690-7870 Not Accept.
ERA 2nd/2013 | 05/22/13 | MRAD-18 Soil pCilkg Cobalt-60 10300 7920 5360-10900 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 Soil pCi/kg Lead-212 1290 1240 812-1730 Acceptable
ERA 2nd/2013 05/22/13 MRAD-18 Soil pCikg Lead-214 4680 3660 2140-5460 Acceptable
‘ERA 2nd/2013 05/22/13 MRAD-18 Soil pCilkg Manganese-54 <63.4 <1000 0-1000 Acceptable
ERA 2nd/2013 | 05/22/13 MRAD-18 Soil - pCi/kg Plutonium-238 651 788.00 474-1090 Acceptable
ERA 2nd/2013 | 05/22/13 |. MRAD-18 Soil pCilkg Plutonium-239 320 366.00 239-506 Acceptable
ERA 2nd/2013 | 05/22/13 MRAD-18 Soil pCilkg Potassium-40 10300 10300 7520-13800 Acceptable
ERA 2nd/2013 05/22/13 | MRAD-18 Soil pCikg Strontium-90 6730 8530 3250-13500 Acceptable
ERA 2nd/2013 05/22/13 MRAD-18 Soil pCikg Thorium-234 3230 1900 . 601-3570 Acceptable
ERA 2nd/2013 | 05/22/13 MRAD-18 __Soil pCikg Zinc-65 1910 1400 1110-1860 Not Accept.
ERA 2nd/2013 | 05/22/13 MRAD-18 Soil pCi’kg Strontium-90 6730 8530 3250-13500 Acceptable
ERA 2nd/2013 | 05/22/13 MRAD-18 Soit pCilkg Uranium-234 1210 1920 1170-2460 Acceptable '
ERA 2nd/2013 1 05/22/13 | MRAD-18 Soil pCilkg Uranium-238 1630 1900 1180-2410 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 - Soil pCilkg Uranium-Total 2840 3920 2130-5170 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 Sail ug/kg Uranium-Total{mass) 4150 5710 3150-7180 Acceptable
ERA 2nd/2013 05/22/13 MRAD-18 Vegetation pCilkg Americium-241 629 553 338-735 Acceptable
ERA 2nd/2013 | 05/22/13 MRAD-18 Vegetation pCilkg Cesium-134 1400 1240 797-1610 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 Vegetation pCilkg Cesium-137 687 544 394-757 Acceptable
ERA - | 2nd/2013 | 052213 | MRAD-18 Vegetation pCi/kg Cobait-60 2410 1920 ' 1320-2680 Acceptable
ERA__ |'2ndr2013 | 0522113 | MRAD-18 Vegetation | pCifkg Curium-244 1420 1340 657-2090. | Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 Vegetation pCilkg Manganese-54. <47.4 <300 0.00-300 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 Vegetation pCi/kg Plutonium-238 2060 1980 1180-2710 Acceptable |
ERA 2nd/2013 | 05/22/13 | MRAD-18 Vegetation pCilkg ‘Plutonium-239 2230 2260 . 1390-3110 Acceptable :
ERA 2nd/2013 | 05/22/13 MRAD-18 Vegetation | pCilkg Potassium-40 35600 31900 23000-44800 Acceplable ‘
ERA 2nd/2013 | 05/22/13 | MRAD-18 Vegetation pCikg Strontium-90 3720 3840 2190-5090 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 Vegetation pCi’kg Uranium-234 2650 2460 1620-3160 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 Vegetation pCilkg Uranium-238 2580 - 2440 1630-3100 Acceptable
ERA 2nd/2013 | 0s/22/13 | MRAD-18 Vegetation pCi/kg Uranium-Total 5361 5010 3390-6230 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 Vegetation ug/kg Uranium-Total{mass) 7740 7310 4900-9280 Acceplable. '
ERA 2nd/2043 | 05/22/13 MRAD-18 Vegetation pCilkg Zinc-65 1150 878 633-1230 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 Fiiter pCi/Filter Americium-241 62.9 66.8 41.2-90.4 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18. Filter pCifFilter Cesium-134 1080 1110 706-1380 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 Filter pCil/Filter Cesium-137 971 940 706-1230 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 Filter pCi/Filter Cobalt-60 217 214 166-267 Acceptable
ERA 2nd/2013 | 05/22/13 MRAD-18 Filter pCilFilter Iron-55 224 225 69.8-440 Acceptable
ERA 2nd/2013 | 05/22/13 MRAD-18 Filter pCiFilter Manganese-54 <5.27 <50.0 0-50.0 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 Filter pCi/Filter Plutonium-238 48.0 50.1 34.365.9 Acceplable
ERA 2nd/2013 { 05/22/13 | MRAD-18 __ Filter pCilFilter Plutonium-239 62.7 65.2 47.2-85.2 Acceptable
ERA 2nd/2013 | 05/22/13 MRAD-18 Fiter ' pCilFilter Strontium-90 139 - 138 67.4-207 Acceptable
ERA 2nd/2013 | 05/22/13 | MRAD-18 Filter . pCi/Filter Uranium-234 54.5 59.4 36.8-89.6 Acceptable '
. ERA 2nd/2013 1 05/22/13 MRAD-18 Fiter | pCifFilter Uranium-238 58.5 58.9 38.1-81.4 Acceptable
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ERA | 2nd/2013 | 05/22113 | MRAD-18 Filter pCifFilter | . Uranium-Total 117 121 " 67.0-184 Acceplable -
ERA 2nd/2043 | 05/22/13 | MRAD-18 Filter ‘ug/Filter Uraniym-Tolal{mass) 176 176 113248 Acceptable
ERA | 2nd/2013 | 05/22/13 | MRAD-18 Filter - | pCifFilter Zinc-65 . 222 199° 142-275 Acceptable
ERA | 2nd/2013 | 05/22/13 | MRAD-18 Filter pCilFilter Gross Alpha | . 555 42.3 14.2-65.7 _Acceptable |
ERA 2nd/2013 | 05/22/13 | MRAD-18 Filter pCiIFilter ) _ Gross Beta 31 25.1 15.9-36.6 Acceptable
ERA | 2nd/2013 { 05/22/13 | MRAD-18 Water ‘pCil | Americium-241 118 | 118 - 79.5-158 Acceptable
ERA | 2ndi2013 | 05/22/13 | MRAD-18 Water | pCil Cesium-134 1320 | . 1400 | 1030-1610 . | Acceptable
ERA 2nd/2013 | _05/22/13 | MRAD-18 Water . pCilL Cesium-137 1900 ~ 1880 1600-2250 Acceptable .
. ERA 2nd/2013 | _05/22/13 | MRAD-18 Water . pCi/L .Cobalt-60 2370 2270 1970-2660 . | Acceptable .
ERA ) 2ndr2013 | 05/22/13 | MRAD-18 Water pCilL Iron-55 1 812 712 424-966 Acceptable
ERA 2nd/i2013 { 05/22/13 | MRAD-18 Water pCilL Manganese-54 <7.8 . <100 0.00-100 Acceptable
ERA |.2nd2013 | 0522113 | MRAD-18 Water pCilL’ Plutonium-238 91 99 _ 73.1-123 Acceptable
ERA | 2nd/2013 | 05/22/13 | MRAD-18 Water pCilL Plutonium-239.. 161 |. 185 . | 144-233 Acceptable
ERA | 2nd/2013 | - 05/22/13 | MRAD-18 Water pCHL Strontium-90 - _ 144 - 137 89.2-181 - | Acceptable |
ERA | 2nd/2013 | 05122113 | MRAD-18 Water pCi/L Uranium-234 47.3 48.8 36.7-62.9 | Acceptable
ERA | 2ndi2013 | 05/22113 | MRAD-18 . Water pCilL Uranium-238 50.8 484 36.9-59.4 Acceptable -]
ERA’ 2nd/2013 | 05/22/13 | MRAD-18 Water . pCi/lL Ur_anium-TotaI 98.1 .99.5 73.1-129 - Acceplab_le
ERA 2nd/2013 | 05/22/13 | MRAD-18 Water ug/L Uranium-Total(mass) 1562, _145 . 116175 Acceptable
ERA | 2ndr2013 | 05/22113 | MRAD-18. Water pCill. Zinc-65 | 428 384 320-484 Acceptable
ERA | 2nd2013 | 08/22/13 | MRAD-18 Water pCifL Gross Alpha 138.0 130 | 46.2-201 Acceptable
ERA | 2ndr2013 |. 05/22/13 | MRAD-18 Water pCill. GrossBeta - | - 87 789 - 45.2-117 Acceptable
eRA I 2ndi2013 | 05122113 | MRAD-18 - Water pcit | - Tritium 13100 12300 8240-17500 Acceptable
€2A - | 2nd/2013 | _08/02/13 | E10577 Cartridge pCl lodine-131 | 9.16E+01 | 9.55E+01 | 1.02 Acceplable
€zA | 2ndi2013 | 0810213 | E10578 Milk pGilL Strontium-89 9.27E+01 | 9.04E+01 098 Acceplable
"EzA | 2nar2013 | 0810213 | E10578 Milk pGilL Strontium-80 1.20E+01 ] 1.70E+01 0.7 | Acceptable
EzA | 2ndr2013 | 08/0213 | E10579  Milk pCilL lodine-131 9.86E+01 | 9.55E+01 | - 1.03 Acceplable
- gzA | 2ndr2013 | 08/02/13 | E10579 . Milk pCilL Cerium-141 944E+01 | 9.04E+01 | - 1.04 Acceptable '
EZA__| 2nd/2013 | 08/02/13 | E10579 . Milk pCi. | Chromium-51 | 2.58E+02 | 2.50E402 |~ - 1.03 Acceptable
EzA | 2nai2013 | 08102113 | E10579 _Milk pCilL Cesium-134 1.21E+02 | 1.25E+02 0.97 Acceptable
EZA | 2nd/2013 | 08/02/13 | E10579 . Milk pCi/L Cesium-137 1.49E+02 | 1.51E+02 099 | Acceptable
EZA | 2ndr2013 | _08/02/13 | E10579 Milk pCilL ___Cobalt-58 | 9.44E+01 | 9.40E+01 [ . 1.00 . Acceptable
EZA 2nd/2013 | 08/02/13 | E10579 - Milk pCilL Manganese-54 1.80E+02 | 1.72E+02 1.05 .Acceptable'
EzA ) 2ndi2013 | 08102113 | E10579 - - Milk pCiL - Iron-59 1.36E+02 | 1.20E+02 | - . 1.14- Acceptable. |
EzA ) 2ndi2013 | 08102113 | E10579 Milk pCifL Zinc-65 2.30E+02 | 2.17E+02 1.10 Acceptable |
EZA | 2nd/2013 | 08/02/13 | E10570 1 mik | pcin Cobalt-60 1.77E+02.| 1.75E+02 101 | Acceptable
EzA . | 2nd/2013 | 08/02/13° | E10178 - Water pCilL -lodine-131"' 9.336+01 | 9.54E+01 098 | Acceptable
EZA | 2nd/2013 | 08/02/13 | E10178 ° water | pciL .Cerium-141 | 1.15+02 | 1.106+02| "~ +1.04. Acceptable
EzA | 2ndrp013 | 08/02/13 | E10178 Water | pCit Chromium-51 | 3.40E+02 | 3.06E+02 R - Acceptable
£2A | 2ndi2013 | 08/02/13 | E10178 _Water pCilL Cesium-134 1.48E+02 | 1.53E+02 097 . | Acceptable
£2A | 2ndi2013 | 08/02113 | E10178 )1 water - | ~ pciL Cesium-137 1.83E+02 | 1.84E+02 0.99 _Acceptable
EZA ) 2nd/2013 | 08/02/13 | E10178 Water pCilL Cobalt-58 1:136+02°| 1.15E+02_ 0.99 L Acceptable | -
EZA | 2nd/2013 | 08/02/13 | E10178 Water ‘| pCil | Manganese-54 | 2.00E+02 | 2.10E+02 1.00 Acceptable
EZA - | 2nd/2013 | 08/02113 | E10178 Water pCil Iron-59 - 1.51E+02 | 1.46E+02 1.03 Acceplable’
EzA_ "} 2ndi2013 | 08/02113 | E10178 Water pcit | Zinc-65 1 2.86E+02 | 2:65E+02 | - 1.08 Acceptable
EZA | 2nd/i2013 | 08/02/13 | E10178 Water | pCil, _Cobait-60 ~ | 2.25E+02 | 2.14E+02 | 1.05 - Acceptable
3rd/ . R . T I
ERA 2013 | 082213 | RAD-94 Water pCiL_- | ~ Barium-133 764 _740.5 62.4-82.0 Acceptable
3rd/ ' : - . ' '
ERA 2013 08/22/13 | RAD - 94 Water pCi/lL Cesium-134 | .68.7, 72.4 - 59.1-79.8 Acceptable
3rd/ ' ’ ) R :
ERA 2013 08/22/13 | RAD - 94 Water pCill . Cesium-137 154 155 140172 . Acceptable
"3rd/ : 1 . R -
ERA goia 08/22/13 | RAD - 94 Water pCit [ Cobalt-60 853 823 74.1-92.9 __Acceptable
3rd/ ' S : - : i TS
ERA 2013 08/22/13_| RAD - 94 Water | . ' pCil Zinc-65 297 | 260 234-304 Acceptable
ERA 3rd/ | 0822113 | RAD-94. Water - pCill Gross Alpha 743 | 571 208712 | - Not
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2013 Acceptable
~3rd/
ERA 2013 08/22/13 | RAD - 94 Water pCilL Gross Beta 34.3 41.8 27.9-49.2 . Acceptable
3rd/ .
ERA 2013 08/22/13 | RAD - 94 Water pCifL Gross Alpha 67.7 57.1 29.8-71.2 Acceptable
3rd/ y
ERA 2013 08/22/13 | RAD - 94 Water pCil Radium-226 16.9 17.2 12.8-19.7 Acceptable
3rd/
ERA 2013 08/22/13 | RAD - 94 Water pCi/L Radium-226 17 17.2 12.8-19.7 Acceptable
3rd/
ERA 2013 08/22/13 | RAD - 94 Water pCilL Radium-228 3.53 3.86 2.18-5.4 Acceptable
3rd/ .
ERA 2013 08/22/13 | RAD - 94 Water pCilL Uranium (Nat) 20.4 21.4 17.1-24.1 Acceptable
3rd/ Uranium (Nat)
ERA 2013 | 08/22/13 | RAD-94 Walter. ugiL mass 30.4 31.2 25.0-35.2 Acceptable
3rd/
ERA 2013 08/22/13 | RAD - 94 Water’ pCill. . Radium-226 14.6 17.2 12.8-19.7 Acceptable
3rd/ ———d
ERA 2013 08/22/13 | RAD - 94 Water pCiL, -_Uranium (Nat) 21.6 214 17.1-24.1 Acceptable
3rd/ Uranium (Nat) _
ERA 2013 08/22/13 | RAD - 94 Water ug/t mass 337 31.2 25-35.2 Acceptable
3rd/ : : ’ '
ERA 2013 .| 08/22/13 | RAD-94 Water pCilL Tritium 12500 13300 11600-14600 Acceptable
3rd/ - - Not
ERA 2013 | 08/22/13 | RAD-94 Water pCi/ll. Strontium-89 48.9 _36.5 27.4-434 Acceptable
3rd/ ’
ERA 2013 08/22/13 | RAD - 94 Water pCill. Strontium-90 14.3 19.8 14.1-23.4 Acceptable
3rd/ ) ‘Not
ERA 2013 08/22/13 | RAD - 94 Water pCilk Strontium-89 44.3 36.5 27.4-434 Acceptable
3rd/ ]
ERA 2013 08/22/13 RAD - 94 Water pCilL Strontium-90 17.3 19.8 14.1-23.4 Acceptable
3rd/
ERA 2013 08/22/13 | RAD - 94 Water pCilL lodine-131 26.1 24.3 20.2-28.8 Acceptable
ERA 3rd/2013 | 08/22/13 | RAD - 94 Water pCi/L lodine-131 23.3 243 20.2-28.8 Acceptable
EZA 3rd/2013 10/25/13__{ E10625 Cartridge pCi lodine-131 8.57E+01 | 7.96E+01 1.08 Acceptable
EZA 3rd/2013 | 10/25/13 | E10626 Milk pCi/L Strontium-89 9.33E+01 | 9.60E+01 0.97 Acceptable
EZA 3rd/2013 10/25/13 | E10626 Milk pCi/L Strontium-90 1.09E+01 | 1.32E+01 0.83 Acceptable
EZA 3rd/2013 10/25/13 | E10627 Milk pCi/L lodine-131 1.00E+02 | 9.83E+01 1.02 Acceptable
EZA 3rd/2013 10/25/13 | E10627 Milk pCilL Chromium-51 3.09E+02 | 2.77E+02 1.11 Acceptable
EZA 3rd/2013 10/25/13 | E10627 Milk _pCilL Cesium-134 1,46E+02 | 1.72E+02 .0.85 Acceptable
EZA 3rd/2013 | 10/25/13 | £10627 Milk pCilL Cesium-137 1.33E+02 | 1.31E+02 1.02 Acceptable
EZA 3rd/2013 | 10/25/13 | E10627 Milk pCi/lL Cobalt-58 1.04E+02 | 1.08E+02 0.97 Acceptable
EZA 3rd/2013 | 10/25/13 | E10627 Milk pCilL Manganese-54 1.44E+02 | 1.39E+02 1.04 Acceptable
EZA 3rd/2013 | 10/25/13 ) E10627 Milk pCilL ‘iron-59 1.43E+02 | 1.30E+D2 1.1 Acceptable
EZA 3rd/2013 | 10/25/13 | E10627 Mitk pCilL Zinc-65 2.86E+02 | 2.66E+02 1.07 Acceptable
EZA 3rd/2013 10/25/13 | E10627 Milk pCilL Cobait-60 2.01E+02 | 1,96E+02 1.03 Acceptable
EZA 3rd/2013 | 10/25/13 | E10628 Water pCilL lodine-131 1.01E+02 | 9.79E+01 1.03 Acceptable
EZA 3rd/2013 { 10/25/13 | E10628 Water pCilL Chromium-51 2.80E+02 | 2.51E+02 1.12 Acceptable
EZA 3rd/2013 10/25/13 | £10628 Water pCi/lL Cesium-134 1.42E+02 ] 1.56E+02 0.91 Acceptable
EZA 3rd/2013 | 10/25/13 | E10628 Water pCi/l. Cesium-137 1.19E+02 | 1.18E+02 1.01 Acceptable
EZA 3rd/2013 10/25/13. | £10628 Water pCilL. Cobalt-58 9.80E+01 | 9.73E+01 1.01 Acceptable
EZA 3rd/2013 10/25/13 | E10628 Water pCilL Manganese-54 1.29E+02 { 1.25E+02 1.05 Acceptable
EZA 3rd/2013 10/25/13 | E10628 Water pCilL Iron-59 1.23E+02 | 1.18E+02 -1.04 Acceptable
EZA 3rd/2013 10/25/13 | E10628 Water pCilL Zinc-65 2.62E+02 | 2.41E+02 1.00 Acceptable
EZA 3rd/2013 | 10/25/13 | E10628 Water pCi/L Cobalt-60 1.87E+02 | 1.77E+02 1.06 Acceptable
MAPEP-13- . -
MAPEP | 4th/2013 11/12/13 | GrF29 Filter Bg/sample | - Gross Alpha 1.090 ~_0.900 0.3-1.5 Acceptable
i MAPEP-13- :
MAPEP | 4th/2013 11/12/13 | GrF29 Filter Ba/sample Gross Beta 1.730 1.630 0.82-2.45 Acceptable
i MAPEP-13-
MAPEP | 4h/2013 | 11/12/13 | MaS29 Soil mg/kg | Americium-241 0.00 0 False Pos Test | Acceptable
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MAPEP-13-

MAPEP | 4th/2013 1112/13 | MaS28 Soil mg/kg Cesium-134 1090 1172 820-1524 Acceptable
MAPEP | 4th/2013 11/12/15 MQEZEQP-H- Soil ﬁ\g/kg Cesium-137 ] 1010 977 684-1270 Acceptable -
MAPEP | 4th/2013 | 11/12/13 mgfg o Soil mg/kg Cobalt-57 0.0 0 False Pos Test | Acceptable
MAPEP | 4th/2013 11/12/13 m;\;ZEQP-n- Sail mg/kg Cobalt-60 462.00 | 451.00 316-586 Acceptable
MAPEP | 4th/2013 11/12/15 m:;’ZEQP-B- Sail mg/kg Iron-56 887 820 57'4-1066. Acceptable
. MAPEP-13- -
MAPEP | 4th/2013 11/12/11? MaS29 Soil mg/kg Manm—&t 692 674 472-876 Acceptable
MAPEP | 4th/2013 11/12/13 h’\:ggZE:-m- . Soil ma/kg .Nickel-63 525.0 571 400-_742 Acceblﬂle_
"MAPEP | 4thv2013 { "11/12/13 mla\gZEQP-w- Soél . ma/kg Plutonium-238 608 62 43.1-80.0 Acceptable ]
MAPEP-13- Plutonium- '
MAPEP | 4th/2013 11/12/13 | MaS29 Soil mg/kg. 239/24_0 i 1.33 0.4 Sens. Eval. Acceptable
MAPEP | 4th/2013 11/12/13 “Mﬂla\ng:-ﬂ- Soil mg/kg Potassium-40 638 633 443-823 Acceptable
MAPEP | 4th/2013 | 11/12/13 MQSPZE;-1 > Soil rﬁgllg Strontium-90 458.0 460 322-598 Acceptabie
“MAPEP | 4th/2013 11/12/13 mggZEQP-w- Soil ma/kg Technetium-99 0.0 0 False Pos Test Acceptable
MAPEP 4th/2013 11/12/13 mggg > Soil mg/kg : Uranium-234i233 26.1 30 21 .0-59.0 Acceptable .
MAPEP | 4th/2013 | 11/12/13 mgg-ﬂ- Soll mg/kg : Uranium-238 30.0 - 34 23.&44.2. Acceptable
MAPEP | 41h/2013 | 11/12/13 m:sp.'ZEQP-m' .Soil ma/kg Zinc-65 0.0 0 False Pos Test | Accepiable .
MAPEP | 4th/2013 11/12/13 mvﬁgs-w- Water Ba/L Americium-241 0.0001 0.000 False Pos Test Acceptable
MAPEP | 4th/2013 11/12/13 mvpvgg-m- Water Ba/l. Cesium-134 27.20 30.0 21.0-39.0 Acceptable
MAPEP | 4th/2013 1112/13 mg\'lp\/g;-m- Water Bg/L l Cesium-137 31.8 31.6 22.1-41.1 Acceptable |
MAPEP-13- 3 .
MAPEP | 4th/2013 | 11/12/13 | Maw29 _Water Ba/L Cobalt-57 0 0.0 False Pos Test | Acceptable
MAPEP | 4th/2013 11/12/13 AMA:\?/E;J} Water Bg/L Cobalt-60 23.60 23.6 16.51-30.65 Ai:cgptable ]
MAPEP | ath/2013 | 11/12/13 m‘:vgg'm' Water Ba/L _Hydrogen-3 -3.5 0 _Flalse éos Test Acceptable |
MAPéP 4th/2013 | 11/12/13 mg;VEZ';-n- Water Ba/L Iron-55 53.00 53.3 37.3-69.3 Acceptable
MAPEP | 4th/2013 |. 11/12/13 m\fvgsds- Water Bg/L Manganese—54l. -0.009 0.0 False-PoS Test Acceplable
MAPEP | 4th/2013 11/12/13 mg\ilgg-n- Water Bag/L Nickel-63 27.7 26.4. 18.5-34.3 At:(.:ep(able
- MAPEP | 4th/2013 11/12/13 m_;\/PVEZS-n- Water Ba/L Plutonium-238 1.070 1.216 0.851-1.581 Acceglab-le
. MAPEP-13- Plutonium- .

MAPEP | 4th/2013 11/12/13 | Maw2g Water Bag/L 239/240 0.907 0.996 0:697-1.295 Acceptable
MAPEP | 4th/2013 11/12/13 m:VTIE251 > Water Bg/L Pot_assium-40 0.339 0 Falsé Po_s Test Acceptable
MAPEP | 4th2013 | 1 1/12/1 3 m&gg% Water Ball S(ronﬁum-QO . 6.65 7.22 5.05;-9.39 Acceptable
MAPEP | 42013 | 1112113 :::\Zgg-w- Water Ba/l " Technetium-99 15.4 16.20 11.3-21.1 Acceptable
MAPEP 4th)ZOi 31 1112113 m\fszz'w Waler Bq/L Uranium-234/233 0.065 0.07 Sens. Eval. Acceplable
MAPEP | 4th/2013 11/12/13 m:\';lgg-m- Water Ba/l Uranium-238 0.031 -0.034 Sens. Eval. _ Acceptable
MAI-DEP 4th/2013 | 11/12/13 m:\fvgg * . Water Bg/L Zinc-65 36.500 34.60 24.2-45.0 Acceptable
‘MAPEP | 41h/2013 11/12/13 "MA:\?VES-H- Water Bg/L Gross Alpha - 0.793 0.701 . 0.201-1.192 Acceptable
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MAPEP-13- -
MAPEP | 4th/2013 11/12/13 | Maw29 Water Bq/L Gross Beta 6.220 5.94 - 2.97-8.91 Acceptable
| MAPEP-13- . '
MAPEP | 4th/2013 | 11/12/13 | RdF29 Filter ug/sample Uranium-235 ~0.034 0.032 0.0227-0.0421 | Acceptable .
MAPEP-13- ' ’ .
MAPEP | 4th/2013 11/12/13 | RdF29 Filter ug/sample Uranium-238 15.8 16.5 11.6-21.5 Acceptable
: MAPEP-13- g
MAPEP | 4th/2013 1112113 | RdF29 | Filter ug/sample Uranium-Total 15.80 16.5 - 11.6-21.5 Acceplable
MAPEP-13- - .
MAPEP 4th/2013 11/12/13 RdF29 Filter ug/sample Americium-241 0.0002 0.000 False Pos Test Acceptable
MAPEP-13- . g —
MAPEP 4th/2013 11/12/13 RdF29 Filter Bg/sample Cesium-134 -0.0016 0.00 False Pos Test Acceptable
MAPEP-13- :
MAPEP | 4th/2013 11/12/13 | RdF29 Filter Bq/sample Cesium-137 3.010 2.70 1.9-3.5 Acceptable
. . MAPEP-13- ’
MAPEP | 4th/2013 11/12/13 | RdF29 Filter Bag/sample Cobalt-57 3.530 - 340 .2.4-44 Acceptable
MAPEP-13- ) ) :
MAPEP 4th/2013 11/12/13 RdF29 Filter Bg/sample Cobalt-60 2440 2.30 1.6-3.0 Acceptable
’ MAPEP-13-
MAPEP 4th/2013 11/12/13 RdF29 Filter Bg/sample Manganese-54 3.720 3.50 2.5-4.6 Acceptable
- . MAPEP-13- ' ]
MAPEP | 4th/2013 11/12/13 | RdF29 Filter Bg/sample Plutonium-238 0.128 0.124 0.087-0.161 Acceptable
, : MAPEP-13- . Plutonium- ’
MAPEP } 4th/2013 11/12/13 | RdF29 Filter | Bag/sample 239/240 -0.092 | 0.0920 0.064-0.12 Acceptable
. MAPEP-13- ' 1
MAPEP | 4th/2013 11/12/13 | RdF29 Filter Bg/sample Strontium-90 1.690 1.81 1,27-2.35 Acceptable
MAPEP-13- - .
MAPEP | 4th/2013 11/12/13 | RdF29 Fiiter Bg/sample | Uranium-234/233 0.027 0.0292 0.0204-0.038 Acceptable
MAPEP-13-
MAPEP | 4th/2013 | 11/12/13 | RdF29 Filter Bg/sample Uranium-238 0.020 0.021 0.144-0.267 Acceplable
MAPEP-13-
MAPEP | 4th/2013 11/12/13 | RdF29 Filter Bg/sample Zinc-85 3.050 270 1.9-3.5 Acceptable
MAPEP-13-
MAPEP 4th/2013 11/12/13 RdV29 Vegetation | Bg/sample Americium-241 0.226 0.19 0.135-0.251 Acceptable
MAPEP-13- :
MAPEP | 4th/2013 11/12/13 RdV29 Vegetation | Bg/sample Cesium-134 4.750 5.20 3.64-6.67 Acceptable
MAPEP-13- : :
MAPEP | 4th/2013 11/12/13 | RdV29 Vegetation | Bg/sample Cesium-137 6.910 6.60 4.62-8.58 Acceptable
MAPEP-13-
MAPEP | 4th/2013 11/12/13 | RdV29 Vegetation | Bg/sample Cobalt-57 -0.002 © 0.00 False Pos Test Acceptable
i ) . | MAPEP-13- ] . . B ) o
MAPEP | 4th/2013 | 11/12/13 | Rdv29. Vegetation | Bg/sample Cobalt-60 0.008 0.00 False Pos Test | Acceptable
- MAPEP-13- ’ .
MAPEP | 4th/2013°| 11/12/13 | RdV29 Vegetation | Bg/sample Manganese-54 7.980 7.88 5.52-10.24 Acceptable
MAPEP-13- . :
MAPEP | 4th/2013 11/12/13 | RdVv29 Vegetation | Bg/sample Plutonium-238 0.001 0.001 Sens. Eval. Acceptable
MAPEP-13- Plutonium- .
MAPEP | 4th/2013 11/12/13 | RdV29 Vegetation | Bg/sample 239/240 0.1510 0.171 .0.120-0.222 Acceptable
MAPEP-13-
MAPEP | 4th/2013 11/12/13 | RdV29 Vegetation | Bg/sample Strontium-90 2.330 2.32 1.62-3.02 Acceplable
MAPEP-13- o
MAPEP | 4th/2013 11/12/13 ]| RdV29 Vegetation | Ba/sample | Uranium-234/233 0.046 0.047 0.0326-0.0606 Acceptable
MAPEP-13- : :
MAPEP | 4th/2013 11/12/13 | RdV29 Vegetation | Bg/sample Uranium-238 0.332 0.324 0.227-0.421 Acceptable
MAPEP-13- ’ .
MAPEP | 4th/2013 11/12/13 | RdV29 Vegetation | Ba/sample Zinc-65 2.850 2.63 1.84-3.42 Acceptable
MAPEP-13- : .
MAPEP | 4th/2013 11/12/13 - | Xaw29 : W_ater Bg/L lodine-129 3.62 3.79 2.65-4.93 Acceptable
ERA 4|_h1201 3| 112613 | MRAD-19 Soil pCi/kg Actinium-228 1200 1240 795-1720 Acceptable
ERA 4th/2013 11/26/13 | MRAD-19 Soil pCikg Americium-241 186 164 95.9-213 Acceptable
ERA 4th/2013 11/26/13 | MRAD-19 Soil pCilkg Bismuth-212 1760 1220 _325-1790 Acceptable
ERA 4th/2013 | 11/26/13 | MRAD-19 Soil pCikg Bismuth-214 4350 3740 2250-5380 Acceptable
ERA 4th/2013 11/26/13 | MRAD-19 Soil pCi/kg Cesium-134 2690 2820 1840-3390 Acceptable
ERA 4th/2013 11/26/13 | MRAD-19 Soil pCilkg Cesium-137 3960 4130 3160-5310 Accepiable
ERA 4th/2013 11/26/13 | MRAD-19 Soit pCikg Cobait-60 5490 5680 3840-7820 Acceptable




P.O. Box 30712, Charleston, SC 29417

2013 ANNUAL QUALITY ASSURANCE REPORT

Page 21 of 58

ERA 4th/2013 11/26/13 MRAD-19 Soil pCikg Lead-212 1260 1220 799-1700 Acceptable
ERA 4th/2013 11/26/13 MRAD-19 Sail pCilkg Lead-214 4700 3740 2180-5580 Acceptable
ERA 4th/2013 11/26/13 MRAD-19 Soil pCi’kg Memgatriese-54 <55.2 <1000 0-1000 Acceptable
ERA 4th/2013 11/26/13 | MRAD-19 Soil pCilkg Plutonium-238 576 658 396-908 Acceptable
ERA 4th/2013 11/26/13 ] MRAD-19 Soil pCikg -Plutonium-239 400 397 260-548 Acc:gptablé
ERA 4th/2013 11/26/13 MRAD-19 Soit pCilkg Potassium-40 11200 12400 9080-16700 Acceptable
ERA 4th/2013 11/26/13 ' | MRAD-19 Soil pCilkg Strontium-80 8220 6860 2620-10800 Acceplable
ERA | 4th/2013 11/26/13 | MRAD-19 Soil Cikg Thorium-234 2870 3080 974-5790 Acceplable
ERA 4th/2013 11/26/13 MRAD-19 Soil pCitkg - . Zinc-65 3400 3160 2520-4200 Acceptable
ERA 4th/2013 11/26/13 MRAD-19 Soil pCilkg Uranium-234 2870 3080 974-5790 Acceptable
ERA 4th/2013 11/26/13 MRAD-19 Soil pCilkg Uranium-238 2979 3080 1910-3910 Acceptable
ERA 4th/2013 11/26/13 | MRAD-19 Soil _pCilkg Uranium-Total 6870 6320 3430-8340 Acceptable
: . Uranium- .
ERA 4th/2013 11/26/13 MRAD-19 Soil ug’kg ) Tgtal(n‘\‘assl 8460 9220 5080-11600 Acceptable
ERA 4th/2013 11/26/13 MRAD-19 - Vegetation pCilkg _Americium-241 3800 3630 2220-4830 Acceptable
ERA 4th/2013 11/26/13 MRAD-19 Vegetation pCilkg Cesium-134 907 859 552-1120 Acceptable
ERA 4th/2013 11/26/13 | MRAD-19 Vegetation pCikg Cesium-137 1220 1030 . 747-1430 Acceptable
ERA . | 4th/2013 11/26/13 |- MRAD-19 Vegetation pCikg Cobalt-60 2100 . 1880 1300-2630 Acceptable
ERA 4th/2013 11/26/13 MRAD-19 Vegetation pCilkg Curium-244 1230 1250 612-1950 Acceptable
ERA 4th/2013 11/26/13 | MRAD-19 Vegetation Cikg Manganese-54 <53.3 <300 0-300 Acceptable
ERA 4th/2013 11/26/13 | MRAD-19 Vegelation pCikg Plutonium-238 1280 1290 769-1770 Acceptable
ERA 4th/2013 11/26/13 MRAD-19 Vegetation pCikg Plutonium-239 2580 2770 1700-3810 Acceptable
ERA | 41h/2013 | 11/26/13 | MRAD-19 Vegetation | pCikg Potassium-40 33600 33900 | 2450047600 | Acceptable
ERA 4th/2013 11/26/13 MRAD-19 Vegetation pCikg Strontium-90 5870 6360 3630-8430 Acceptable
ERA | 4th/2013 | 11/26113 | MRAD-19 Vegetation | _pCikg Uranium-234 674 654 430-840 Acceptable
Nof
ERA 4th/2013°| 11/26/13 | MRAD-19 Vegetation pCikg Uranium-234 1050 654 430-840 Accepttable
ERA 4th/2013 11/26/13 MRAD-19 Vegetation _pCi’kg _Uranium-238 - 655 648 432-823 Acceplable
ERA 4th/2013 | 11/26/13 | MRAD-19 Vegelation pCikg Uranium-Total_ 1364 1330 901-1660 Acceptable
ERA 4th/2013 11/26/13 MRAD-19 Vegetation _pCikg Uranium-Total 1773 1330 901-1660 Acc;;)llable
ERA 4th/2013 | 11/26/13 | MRAD-19 Vegetation uglkg | Uraniym-Total{mass) 1960 1940 1300-2460 Acceptable
ERA 4th/2013 11/26/13 | MRAD-19 Vej_e_tatioh pCikg Zinc-65 1990 1540 1110-2160 Acceptable
ERA | 4th/2013 | 11/26/13 | MRAD-19 _Filter pCifFilter | Americium-241 75.2 66.4 40.9-89.9 Acceptable-
ERA | 4th/2013 | 11/26/13 | MRAD-19 Filter pCifFilter Cesium-134 845 868.0 552-1080 Acceptable
ERA | 4th/2013 | 11/26/13 | MRAD-19 _Filter pCifFilter- | Cesium-137 641 . 602 452-791___ ] Acceptable
ERA - | 4th/2013 11/26/13 |-MRAD-19 Filter pCilFilter Cobalt-60 534 . 494 382-617 . | Acceptable
ERA . | 4th/2013 11/26/13 | MRAD-19 Filter pCi/Filler Iron-55 466 389.0 121-760 Acceptable
"ERA 4th/2013 | 11/26/13 | MRAD-19 Filter pCilFilter Manganese-54 <3.9 <50 0.00-50.0 Acceptable
ERA 4th/2013 11/26/13 | MRAD-19 Filter ug/Filter Plutonium-238 72.8 68.5 46.9-90.1 Acceptable
ERA 4h/2013 11/26/13 MRAD-19 Filler pCilFilter Plutonium-239 - 56.5 53.4 42.4-93.1 Acceptable
ERA 4th/2013 11/26/13 | MRAD-19 Filter pCi/Filter Strontium-80 130 125 61.1-187 Adcggta ble
ERA 4th/2013 11/26/13 | MRAD-19 Fitter pCi/Filter Uranium-234 _ 56 87 35.6-86.6 Acceptable
ERA 4th/2013 | -11/26/13 | MRAD-19 Filter . pCifFilter’ Uranium-238 58 56.90 36.8-78.7 Acceptable
ERA ' ] 4th/2013 11/26/13 MRAD-19 Filter pCi/Filter Uranium-Total 116 117 64.8-178 Acceptable
ERA 4th/2013 11/26/13 MRAD-19 Filter ug/Filter | uranium-Totalimass 172 - 171 109-241 Acceptable
ERA | 42013 | 11126113 | MRAD-19 Filter pCilFilter Zinc-65' 514 419 300-578 Acceplabte
. Uranium- '
ERA 4th/2013 11/26/13 MRAD-19 Filter ug/Filter Total(mass) . 169 171 109-241 Acceptable
. . N r i -
ERA 4th/2013 11/26/13 MRAD-19 Filter ug/Filter Tgtaalnl:l)jan;s 150 171 109-241 Acceptable
ERA 4th/2013 | 11/26/13 | MRAD-19 Filter pCifFilter Gross Alpha 100 - 83 27.8-129 Acce)Lable
ERA 4th/2013 | 11/26/13 | MRAD-19 Filter pCilFilter Gross Bela 65.7 56.3 35.6-82.2 Acceptable
ERA 4th/2013 11/26/13 MRAD-19 Water pCill - Americium-241 126 126 84.9-169 Acceptable
ERA 4th/2013 | 11/26/13 | MRAD-19 Water pCill Cesium-134 2060.0 2180 1600-2510 Acceptable
ERA 4th/2013 11/26/13 | MRAD-19 Water pCi/L Cesium-137 2730 2760 2340-3310 Acceptable
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" ERA 4th2013 | 11/26/13 | MRAD-19 Water pCill. Cobalt-60 1960 1890 1640-2210 Acceptable
ERA | ath2013 | 11/26/13 | MRAD-19 Water "pCilL Iron-55 721 689 411-935 Acceptable |
ERA athv2013 | 11/26/13 | MRAD-19 Water* -|  pCilL Manganese-54 <7.24 <100 0.00-100 Acceptable |
ERA athv2013 | 117267113 | MRAD-19 Water pCill. Plutonium-238 133 138 102-172 Acceptable”
ERA 41h/2013 | 1126113 | MRAD-19 Water pCill Plutonium-239 98.7 109 84.6-137 " Acceptable
ERA 4h/2013 | 11/26/13 | MRAD-18 . Water pCifL Strontium-90 726 788, ~ 513-1040 Acceplable _
ERA 41h/2013 | 11/26/13 | MRAD-19 Water pCifL Uranium-234 93 99 74.3-128 Acceptable
ERA 4th/2013 | 11/26/13_{ MRAD-19 Water pCilL Uranium-238 93 98.00 74.7-120 Acceptable .
ERA | 4th/2013 | 11/26/13 | MRAD-19 Water pCilL Uranium-Total - 186 201 . 148-260 - Acceptable . .
ERA 4th/2013-] 11/26/113 | MRAD-19 Water ug/lL Uranium-Total(mass) 278 204 234-355 .Acceplable
ERA . | 4th/2013 | 11/26/13 | MRAD-19_ Water pCilL Zinc-65 1560 1370 1140-1730 | Acceptable’
ERA | 4th/2013 | 11/26/13 | MRAD-19 Water . pCilL Gross Alpha . 105.0 97 34.3-150 Acceptable
ErA | atv2013 | 1126113 | MRAD-19 Water pGilL . Gross Beta 78.8 845 __48.4:125 Acceptable
ERA 4th/2013 | 1172613 | MRAD-19 Water pCilL Tritium 8740 9150 6130-13000_| Acceptable .
ERA 4th/2013 11/26/13 | MRAD-19 Water pCi/L Uranium-234 92.4 98.9, 74.3-128 Acceptable
ERA . | 42013 | 1126113 | MRAD-19 Water pCill. Uranium-238 96.1 _98.0 74.7-120 Acceptable |
ERA | 42013 | 11/26/13 .| MRAD-19 Water .|  pCilL ‘Uranium-Total 193 201 148-260 Acceptable -
ERA 4h/2013 | 11/26/13 | MRAD-19 Water _ ug/L Uranium-Total{mass)" 288 204 234-355, Acceptable
ERA | 4th/2013°| 11/26/13 -| MRAD-19 Water pCilL: Uranium-234 '95.2 98.9 74.3-128 Acceptable
ERA 4th/2013 | 11726113 | MRAD-19 Water pCill Uranium-238 115 * 98.00 74.7-120 "~ | Acceptable
ERA 4th/2013 | 11/26/13 | MRAD-19 Water pCilL Uranium-Total 215 201" 148-260 Acceptable
ERA 41h/2013 11/26/13 MRAD-19 __Water ug/L Uranium-Total{mass) ‘344 294 234-355 Acceptable
ERA. 11/26/13 | MRAD-19 Water .uglL ' 258 294 234-355 Acceptable

4th/2013

Uranium-Total{mass) .
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TABLE 2

2013 ECKERT & ZIEGLER ANALYTICS PERFORMANCE EVALUATION RESULTS
. Acceptance
Report Sample Sample Analyte / GEL Known Range/ -
Date Number Media Unit Nuclide Value Vvalue Ratio _Evaluation
02/01/13 E10323 | Cartridge | pCi lodine-131 7.31E+01 ] 7.29E+01 1.00 Acceptable
.02/01/13 E10324 Milk pCiL._| Strontium-89 | 9.89E+00 | 1.38E+01 0.72 Acceplable
02/01/13 E£10324 Milk pCilL_| Strontium-90 { 9.83E+00 | 1.48E+01 1.02 Acceptable
02/01/13 | E10325 Milk pCi/l. | lodine-131 9.57E+01 | 9.00E+01 1.06 Acceplable
Chromium-
02/01/13 E10325 _ Milk pCilL. 51 3.67E+02 | 3.48E+02 1.06 Acceplable
02/01/13 E 10325 Milk pCilL Ceslum-1§4 1.54E+02 | 1.65E+02  0.93 Acceblable
02/01/13 E10325 Milk pCi/L_| Cesium-137 1.18E¥02 1.17E+02 1.01 Acceptable
02/01/13 E10325 Milk pCi/l. Cobalt-58 9.85E+01 | 9.85E+01 1 Acceptable
Manganese- ’
02/01/13 E10325 Milk pCilL. 54 1.16E+02 | 1.16E+02 1 Acceptable
02/01/13 E£10325 Milk pCiIL_ iron-59 1.33E+02 | 1.16E+02 1.15 Acceptable
02/01/13 | E10325 Milk pCilL Zinc-65 -3.19E+02 | 2.91E+02 100 | Acceptable
02/01/13_| E10325 Milk pCi/L. __Cobalt-60 1.73€+02 | 1.70E+02 1.02 Acceptable
02/01/13 E10325 Milk pCi/ll. Cesiljm-141 5.38E+01 | 5.10E+01 1.05 Acceptable
02/01/13 €10380 Water pCif lodine-131 7.47E+01 | 7.25E+01 1 .(_)3 Acceptable
02/01/13 | E10380 Water | pCilL Chr05n1num 3.81E+02 | 3.62E+02 1.65 Acceptable
02/01/13 E10380 Water pCilL | Cesium-134 }.1.57E+02 | 1.73E+02 0.91 Acceptable
02/01/13 E10380 Water pCill | Cesium-137 | 1.25E+02 | 1.22E+02 1.03 Acceptable
02/01/13 | £10380 Water pCilk, Cobalt-58 1.026+02 | 1.03E+02 0.99 Acceptable
Manganese- )
02/01/13 E10380 Water pCilL 54 1.28E+02 | 1.21E+02 1.06 - Acceptable
02/017113 | £10380 | water ] pCit. tron59 | 1.38E+02 | 1.21E+02 1.14 Acceptable
[ 02/01/13 | E10380 Water | pCilL Zinc-65 2.13E+02 | 1.94E+02 1.1 Acceptable
| 02/01/13 | E10380 Water pCill Cobalt-60 1.80E+02 | 1.77E+02 1.01 Acceptable |
04/25/13 E10469 Cartridge pCi lodine-131 9.38E+01 | 9.27E+01 1.01 Acceptable
04/25/13 | £10470 Milk pCi_| Strontium-89 | 1.07E+02 | 9.97E+01 1.07 Acceplable
04/25/13 { E10470 Milk pCiL_| Strontium-90 | 1.18£+01 | 1.10E+01 1.07 Acceptable
04/25/13 | E10471 Milk pCi/L. lodine-131 1.12E+02 | 1.00E+02 1.12 Acceplable
04/25/13 E10471 Milk pCVL | Cerium-141 2.00E+01 | 1.87E+01 1.07 Acceptable .
04/25/13 | E10471 Milk pCi/ll. Cr-51 5.00E+01 | 4.72E+01 1.08 Acceptable
04/25/13 E10471 __Mitk pCifL | Cesium-134 | 2.06E+02 | 2.14E+02 0.96 Acceptable
04/25/13 E10471 Milk pCill. | . Cesium-137' | 2.83E+02 | 2.66E+02 1.07 Acceptable
04/25/13 | E10471 Milk | pCilL Cobalt-58 2.196+02 | 2.08E+02 1.05 Acceptable
04/25/13 E10471 Milk pCilL Mn-54 2.21E+02 | 2.08E+02 1 .66 Acceptable
04/25/13-_| E10471 Milk pCilL Iron-59 2.78E+02 2.52E+02 1.1 Acceptable
04/25/13_| E10471 Mk | pcin | zinc65 | 3.30E+02 | 3.01E+02 | 143 | Acceptable
04/25/13 | E10471 Milk pCilL Cobalt-60 4.02E+02 { 4.00E+02 1.01 Acceptable
04/25/13 | E10472 Water | pCill lodine-131 1.12E+02 | 9.28E+01 1.21 Acceptable
04/25/13 E10472 Water pCi/ll | Cerium-141 1.88E+02 1.79E+62 1.05 Acceptable
04/25/13 | E10472 Water | pCilL Cr-51 4.84E+0_2._ 4.52E+02 1.07 Acceptable
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04/25/13 | E10472 Water CilL | Cesium-134 | 1 .96E+02 2.05E+02 0.96 Acceptable
04/25/13 | E10472 | Water | pCilt | Cesium-137 | 2.71E+02 | 2.54E+02 1.07 Acceptable
04/25/13 | E10472 Water, pCil Cobalt-58 2.036+02 | 1.99E+02 1.02 Acceplable
04/25/13 E10472 Water pCill. Mn-54 2.15E+02 } 1.99E+02 1.08 Acceptable
04/25/13 | E10472 Water pCill iron-59 2.67E+02 | 2.41E+02 1.1 Acceptable
04/25/13 E10472 Water | pCi/lL Zinc-65 ' 3.14E+02 | 2.88E+D2 1.09 Acceptable
04/25/13 E10472_ Water pCiL Cobalt-60 | 3.92E+02 | 3.83E+02 1.02 Accebtable
08/02/13_| E10577 Cartridge | pCi ledine-131 1 9.16E+01 } 9.56E+01 _1.02 Acceptable
08/02/13 E10578 Milk pCil | Strontium-89 | 9.27E+01 | 9.04E+01 0.98 Acceptable
08/62/13 ‘E10578 Milk pCiL_| Strontium-90 1.20E+01 | 1.76E+01 07 Acceptable
08/02/13 E10579 Milk pCilL lodine-131 9.86E+01 9.55E+01 1.03 _Acceptable

_ 08/02/13_| E10579 Milk pCi/l. | Cerium-141 '] 9.44E+01 | 9.04E+01 1.04 Acceptable
- c Chromium- : . T
08/02/13 E10579 Milk pCillL 51 2.58E+02 | 2.50E+02 1.03 Acceptable
08/02/13. | E10579 Mk | pCift_| Cesium-134- | 1.21E+02 { 1 25E+02 0.97 Acceptable
08/02/13 E10579 . Milk pCill | Cesium-137 - |.1.49E+02 § 1.51E+02 0.99 i ‘Acceptable
08/02/13 E10579 Milk - pCilL Cobalt-58 ~ | 9.44E+01 | 9.40E+01 _1:00 -_Acceptable
. : Manganese- . :

08/02/13 | E10579 Milk pCill. 54 1.80E+02 | 1.72E+02 1.05 Acceptable
08/02/13 | E10579 Milk_ pCi/L Iron-59 1.36E+02 | 1.20E+02 1.14 Acceptable
08/02/13 E10579 Milk pCilL Zinc-65 2.39E+02 | 2.17E+02 1:10 ~ Acceptable
- 08/02/13 E10579 ' Milk. pCi/L Cobalt-60 1.77E+01 | 1.75E+02 1.01 Acceptable
08/02/13 E10178 Water | pCill. lodine-1 31 .| 9.33E+01 | 9.54E+01. 0.98 .Acceglable
08/02/13 | E10178 Water pCil. | Cerium-141 | 1.15E+02 1.10E+02 1.04 - " Acceplable

. - Chromium- ;
08/02/13 ] E10178 Water pCifl 51 3.40E+02 | 3.06E+02 1.11 Acceptable
08/02/13 E10178 Water pCiIL Cesium_-1 34 | 1.48E+02 | 1.53E+02 0.97 Acceptable
08/02/13 | E10178 _Water pCilL_| Cesium-137 | 1.83E+02 | 1.84E+02 0.99 Acceplable
08/02/13_| E10178 Water pCIlL_ Cobalt-58 1.13E+02 | 1.15E+02 0.99 Acgﬂgble
§ 1 Manganese- - g )
08/02/13 E10178 Water pCiL - 54 2.09E+02 | 2.10E+02 1.00, Ac__cegtable
08/02/13 E10178 Water 'pCiIL Iron-59 1.51E+02 | 1.46E+02 1.03 Acceptat':'le . |
08/02/13 | E10178 .| Water } pCill 2inc-65 2.86E+02 | 2.65E+02 1.08 __Acceptable
08/02/13 .| E10178 Water pCill. Cobalt-60 2.25E+02 | 2.14E+02 1.05 Acgg@le
10/25/13 E10625 'Cgrﬂdge" pCi | lodine-131 8.57E+01 j 7.96.E+01 1.08 Acceptable
10/25/13 | E10626 Milk _pCit. | Strontium-89_| 9.33E+01 | 9.60E+01 0.97 Acceptable
10/25/13 | E10626 Milk '} pCii | Strontium-90 | 1.09E+01 | 1.32E+01 '0.83 _ Acceptable |
10/25/13 E10627 Milk pCi/_L lodine-131 1.00E+02 | 9.83E+01 1.02 ' Accégtéble
10/25/13__| E10627 Milk pCi/l. Chrosrq'ym 3.09E+02 | 2.77E+02 1.11 Acceptable
10/25/13 | E10627 Milk | pCil | Cesium-134 | 1.46E+02 | 1.72E+02 -0.85 Acceptable
10/25/13__| E10627 Milk pCil. | Cesium-137 | 1.33E+02 | 1.31E+02 1.02 I Acceplable
10/25/13 | E10627 Mitk pCi/L Cobalt-58 | 1.04E+02 | 1.08E+02 0.97" - Acceplable
. . Manganese- | . ] . )
10/25/13 | E10627 Milk pCill 54 1.44E+02 | 1.39E+02 1.04 Acceptable
10725113 E10627 Mitk pCilL “lron-59 1.43E+02 | 1.30E+02- 11 Acceptable
10/25/13 | E10627 . Milk pCilL Zinc-65 12.86E+02 | 2.66E+02 1.07 -Accg@le
10/25/13 | E10627 Milk L Cobalt-60 2.01E+02 | 1.96E+02 1.03 Accepiable
10/25/13 | E10628 Water pCi/lL_{ _ lodine-131 '1.01_E+02 9.79E+01 1.03 'Accegla'ble
~_10/25/13__ | E10628 Water - Chmg;’um 2.80E+02 | 2.51E+02 1.12 A'cceptable

pCilL

Y
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10/25/13 E10628 Water pCilL | Cesium-134 { 1.42E+02 | 1.66E+02 0.91 Acceptable
10/2513 | E10628 Water pCi/L | Cesium-137 | 1.19E+02 | 1.18E+02 1.01 Acceptable
10/25/13 | E10628 Water pCifL Cobalt-58 9.80E+01 | 9.73E+01 1.01 Acceptable
Manganese-
10/25113 E10628 Water pCilL 54 1.20E+02 § 1.25E+02 1.05 Acceplable
10/25/13 £10628 Water pCilL Iron-59 1.23E+02 ] .1.18E+02 1.04 Accéplable
10/25/13 E10628 Water pCill. Zinc-65 2.62E+_02 ] 2.41E+02 1.09 Acceptable
10/25113 . | E10628 [ . Water pCi/L Cobalt-60 1 .87E+02 1.77E+02 1.06 Acceptable
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- TABLE 3
2013 DEPARTMENT OF ENERGY MIXED ANALYTE PERFORMANCE EVALUATION PROGRAM
(MAPEP) RESULTS
Acceptance
Report Sample Analyte / GEL Known Range/

Date Sample Number Media Unit Nuclide Value va_lge B(%t:)% Evaluation
02/27/13 | GENEO1-27-RdFR1 Filter Bg/sample U-234/233 0.0143 0.0155 %.0202 Acceptable
02/27/13 | GENE01-27-RdFR1 Filter Bg/sample Uranium-238 0.0999- 0.098 0.069-0.127 Acceptable
05/13/13 | MAPEP-13-GrF28 Filter Bg/sample Gross Alpha 0.656 1.20 0..;56-2.04 Acceptable
05/13/13 | MAPEP-13-GrF28 Filter Bg/sample Gross Beta 0.954 0.85 0.43-1.28 Acceptable
05/13/13 | MAPEP-13-MaS28 Soil mg/kg Americium-241 118 113 79—1'47 Acceptable
05/13/13 | MAPEP-13-MaS28 Soil ma/kg Cesium-134 829 887 621-1153 Acceptable
05/13/13 | MAPEP-13-MaS28 Soil mg/kg Cesium-137 623 587 411-763 Acceptable

False Pos
05/13/13 | MAPEP-13-MaS28 Soil mg/kg Cobalt-57 1.04 0 Test Acceptable
05/13/13 | MAPEP-13-MaS28 Soll markg Cobalt-60 737 691 484-898 Acceptable
05/13/13 | MAPEP-13-MaS28 Soil mg/kg Iron-55 -0.380 0 Faﬁzsﬁos . Acceptable

False Pos | )
05/13/13 | MAPEP-13-MaS28 Soil mg/kg Manganese-54 0.760 0 Test Acceptable
05/13/13 | MAPEP-13-MaS28 Soil mg/kg Nickel-63 ‘719 670 469-871 Acceﬁble
05/13/13 | MAPEP-13-MaS28 Soil | mg/kq Plutonium-238 0.571 0.52 Sens. Eval. Acceplablé

B Plutonium-

05/13/13 | MAPEP-13-MaS$28 Soit mg/kg 239/240 77.70 79.5 55.7-103.4 Acceptable
05/13/13 | MAPEP-13-MaS528 Soil mg/kg Potassium-40 713 625 438-813 . Acceptable
05/13/13 | MAPEP-13-MaS28 Soll mg/kg Strontium-90 693.0 628 440-816 - | Acceptable
05/13/13 | MAPEP-13-MaS28 Soil mgkg | Technetium-59 |- 419.0 444 311:577 | Acceptable
05/13/13 | MAPEP-13-MaS28 Soil mg/kg U-234/233 60.0 62.5 43.8-813 Acceptable
05/13/13 | MAPEP-13-MaS28 Soil mg/kg Uranium-238 274 281 . 197-365 Acceptable
05/13/13 | MAPEP-13-MaS28 Soil mg/kg Zinc-65 1130 995 697-1294 Acceptable
05/13/13 | MAPEP-13MaW28 | Water Ba/L Am-241 0.690 0.689 | 0.428-0.896 | Acceptable |
05/13/13 | MAPEP-13-MaW28 Water Ba/L Cesium-134 211 244 17.1-31.7 Acceptable
05/13/13 | MAPEP-13-MaWw28 Water Bg/L Cesium-137 0.10 0.0 Fal_ls_:sl;‘os -_Acceptable
05/13/13 | MAPEP-13-MaW28 Water Ba/L Cobalt-57 31.0 30.9 21.6-40.2 Acceptable
05/13/13 | MAPEP-13-Maw28 Water BglL Cobalt-60 19.4 19.6 13.7-25.4 - Acceptable
05/13/13 | MAPEP-13-Maw28 Water BglL Hydrogen-3 517 507 355-659 Acceptable
05/13/13 | MAPEP-13-Maw28 Water BglL Iron-55 39.7 44.0 ° 30.8-57.2 Acceptable _|
05/13/13 | MAPEP-13-Maw28 Water Bg/L Manganese-54 28.0 27.4 10.2-35.6- Acceptable
05/13/13 | MAPEP-13-MaWw28 Water Bg/L Nickel-63 329 334 23.4-43.4 Acceptable
05/13/13 | MAPEP-13-MaW28 Waler Ba/L Plutonium-238 0.825 0.884 0.619-1.149 | Acceptable’
05/13/13 | MAPEP-13-Maw28 Water Bg/L Pu-239/240 0.0162 0.0096 Sens. Eval. Acceptable
05/13/13 | MAPEP-13-Maw28 Water Ba/lL Potassium-40 -0.471 0 Fal_sr;:sl:os Acceptable
05/13/13_} MAPEP-13-Maw28 Water Bq/L Strontium-90 12.5 10.5 7.4-13.7 Acceptable |
05/13/13 | MAPEP-13-MaWw28 Water Bg/l Technetium-99 12.9 .13:1 9.2-17.0 Acceptable
05/13/13 | MAPEP-13-Maw2s Water Ba/L U-234/233 0.289 0.315 0.221-0.410 | Acceptable:
05/13/13 | MAPEP-13-Maw28 Water BglL Uranium-238 1.81 1:85 1.37-2.54 Acceptable
05/13/13 | MAPEP-13-MaW28 Water Bg/L Zinc-65 32.8 30.4 21.3-39.5 Acceplable
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05/13/13 | MAPEP-13-GrW28 Water Ba/l Gross Alpha 2.60 2.31 0.69-3.93 Acceptable
05/13/13 | MAPEP-13-Grw23 Water Ba/L Gross Beta 14.2 13.0 6.5-19.5 Acceptabie
05/13/13 | MAPEP-13-Xaw28 Water Bg/L lodine-129 5.94 6.06 4.24-7.88 Acceptable
05/13/13 | MAPEP-13-RdF28 Filter | ug/sample Uranium-235 0.038 0.036 0.025-0.047 | Acceptable
05/13/13 | MAPEP-13-RdF28 Filter ug/sample Uranium-238 18.0 18.6 13.0-242 Acceptable
05/13/13 | MAPEP-13-RdF28 Filter ug/sample Uranium-Total 17.7. 18.6 13.0-24.2 Acceplable
05/13/13 | MAPEP-13-RdF28 Filter ug/sample | Americium-241 0.106 0.104 0.073-0.135 Acceptable
05/13/13 | MAPEP-13-RdF28 Filter Bg/sample Cesium-134 1.75 1.78 1.25-2.31 Acceptable
05/13/13 | MAPEP-13-RdF28 Filter Bqlsamble Cesium-137 2.71 2.60 1.82-3.38 Acceptable
05/13/13 | MAPEP-13-RdF28 Filter Bg/sample Cobait-57 _2.51 _2.36 1.65-3.07 Acceptable
05/13/13 | MAPEP-13-RdF28 Filter Bg/sample [ " Cobalt-60 0.005 _ 0.00 FE{IS_ESI:OS Acceptable
05/13/13 | MAPEP-13-RdF28 Filter Ba/sample | Manganese-54 4.43 4.26 2.98-5.54 Acceptable
05/13/13 | MAPEP-13-RdF28 Filter Bag/sample | Plutonium-238 0.124 0.127 0.089-0.165 Acceptable
05/13/13 | MAPEP-13-RdF28 Filter Bg/sample Pu-239/240 0.118 0.1210 0.085-0.157 Acceptable
05/13/13 MA.PEP-1 3-RdF28 Filter Bg/sample Strontium-90 1.64 1.49 .1.04-1.94 Acceptable
05/13/13 | MAPEP-13-RdF28 Filter Bg/sample U-234/233 0.0342 0.0318 %%2421?5 Acceptable
05/13/13 | MAPEP-13-RdF28 Filter Bg/sample Uranium-238 0.230 0.231 0.162-0.300 Acceptable
05/13/13 | MAPEP-13-RdF28 Fiiter Bg/sample Zinc-65 3.38 3.13 2.19-4.07 Acceplable
05/13/13 | MAPEP-13-GrF28 Fifter Bg/sample Gross Alpha 0.656 1.20 0.36-2.04 Acceptable
05/13/13_| MAPEP-13-GrF28 Filter Ba/sample Gross Beta 0.95 0.85 0.43-1.28 Acceptable
05/13/13 | MAPEP-13-RdF28 Filter Ba/sample | Americium-241 0.106 0.104 0.:073-0.135 Acceptable
05/13/13 | MAPEP-13-RdVv28 Vegetation | ug/sample Uranium-235 0.0029 0.001 %%%2?1 Not Accept.
05/13/13.] MAPEP-13-RdV28 Vegetation | ug/sample Uranium-238 0.419 0.180 0.13-0.23 Not Accept.
05/13/13 | MAPEP-13-Rdv28 | Vegetation | ug/sampte | Uranium-Total | 04219 | 0180 | 013023 | NotAccept. |
05/13/113 | MAPEP-13-RdV28 Veq_e(ation ug/sample | Americium-241 0.1350 0.140 0.098-0.182 Acceptable
05/13/13 | MAPEP-13-Rdv28 Vegetation | Bg/sample Cesium-134 0.0525 0.00 Fal_ls_:sli’os Acceptable
05/13/13 MAPEP-13-RdV28 Vegetation | ‘Bg/sample Cesium-137 7.13 6.87 4.81-8.93 Acceplable
05/13/13 | MAPEP-13-RdV28 | Vegetalion | Bg/sample | - Cobalt-57 8.86 8.68 6.08-11.28 | Acceptable
05/13/13 | MAPEP-13-RdV28 Vegetation | Bg/sample Cobalt-ﬁp 6.07 5.85 4.10-7.61 Accegléble
05/13/13 | MAPEP-1 3-RdV28 Vegetation | Bg/sample | Manganese-54 -0.002 0.00 Fal_?zsl;’os Accegiable .
05/13/13 | MAPEP-13-RdVv28 Vegetation | Bg/sample | Plutonium-238 0.110 0.110 0.077-0.143 | Acceptable
05/13/13 | MAPEP-13-RdV28 Vegetation | Bg/sample Pu-239/240 0.113 0.123 0.086-0.160 | Acceptable
05/13/13 | MAPEP-13-RdV28__| Vegetation | Ba/sample | _Strontium-90 1.358 1.64 1.15-2.13 | Acceptable |
05/13/13 | MAPEP-13-RdVv28 Vegetation | Ba/sample U-234/233 0.0081 0.0038 Sens. Eval. | Not Accept.
05/13/13 | MAPEP-13-RdV28 Vegetation | Bg/sample Uranium-238 0.00489 0.002 Sens. Eval. Not Accept.
05/13/13 | MAPEP-13-RdV28 Vegetation | Bg/sample Zinc-65 6.59 6.25 4.38-8.13 Acceptable
11/12/13 | MAPEP-13-GrF29 Filter Bg/sample Gross Alpha 1.090 0.900 0.3-1.5 Acceptable
11/12/13 | MAPEP-13-Grf29 Filter Bg/sample Gross Beta 1.730 1.630 0.82-2.45 Acceptable
11/12/13 | MAPEP-13-MaS29 Soil ma’kg iAmericium-241 0.00 0 Fal_ls_:SI:’os Actégtable
_11/12/13 | MAPEP-13-MaS29 Soil mg/kg __Cesium-1 34 1090 1172 820-1524 Acceptable
11/12/13 | MAPEP-13-MaS29 Soil mg/kg- Cesium-137 1010 977 684-1270 Acceptable
11/12/13 | MAPEP-13-MaS29 Soil mg/kg Cobalt-57 0.0 0 Fal?:éfos Acceplable
1112113 | MAPEP-13-MaS29 Sail ma/kg Cabalt-60 462.00 451.00 316-686 Acceptable
11/12/13 | MAPEP-13-MaS29 Soil mg/kg Iron-55 887 820 574-1066 Acceplable
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11/12/13 | MAPEP-13-MaS29 Sail .mglkg Manganese-54 692 674 472-876 l Acceptable
11/12/13 | MAPEP-13-MaS29 Soil mg/kg Nickel-63 525.0 _ 571 - 400-742 ‘Acceptable
11/12/13 | MAPEP-13-MaS29 Soil mg/kg Plutonium-238 60.8 62 - 43.1-80.0. Acceptable
— . Plutonium- . . o
11/12/13 | MAPEP-13-MaS29 Soil mg/kg 239/240 _ 1.33 0.4 Sens. Eval. Acceptable
11/12/13 | MAPEP-13-MaS29 Sail mag/kg Potassium-40 638 633 443-823 _Acceptable |
11/12/13_| MAPEP-13-MaS29 Soil mg/kg Strontium-90 458.0 460 322-598 | Acceptable
. L . C L ) . False Pos .
11/12/13 | MAPEP-13-MaS29 Soit mg/kg Technetium-99 0.0 0 Test Acceptable
11/12/13 | MAPEP-13-MaS29 Soil mgkg U-234/233 26.1 i 30-_ 21.0-39.0 | Acc;eptable'
11/12/13 | MAPEP-13-MaS29_~ Soil -mg/kg Uranium-238 30.0 _34 23,8442 | Acceptable
) . . - False Pos -
11/12/13 | MAPEP-13-MaS29 Soil mg/kg Zinc-65 0.0 0 Test Acceptable
e ’ ’ - False Pos |- o
11/12/13 | MAPEP-13-MaW29 | = Water Bg/L Americium-241 0.0001 0.000 Test | Acceptable
11/12/13 | MAPEP-13-Maw29 Water Bg/L Cesium-134 27.20 30.0 21.0-39.0_ | ‘Acceptable |
11/12/13 | MAPEP-13-MaW29 Water Ba/L Cesium-137 318 . 316 22.1-41.1 Acceptable
. . . : L : - | .False Pos :
11/112/113 | MAPEP-13-Maw29 - Water Bg/L Cobalt-57 0 .0.0. 'Test_ - Acceptable .
11/12/13 | MAPEP-13-Maw29 Water Bg/L Cobalt-60 23.60 23.6 16.51-30.65 | Acceptable |°
. — _ . = False Pos -| "
11/12/13 | MAPEP-13-Maw29 Water Bq/L Hydrogen-3 -3.5 0 - Test Acceptable
11/12/13 | MAPEP-13-Maw29 Water Bq/L Iron-55 53.00 53.3 37.369.3 | Acceptable ]
] o o FalsePos | - . °°
11/12/13 | MAPEP-13-Maw29 Water Bq/L - Manganese-54 -0.009 0.0 Test Acceptable
11/12/13 | MAPEP-13-Maw29 Water Ba/L Nickel-63 27.7 26.4 18.5-34.3 Acceptable _
11/12/13 | MAPEP-13-Maw29 Water Bq/L Plutonium-238 1.070 1.216 | 0.851-1.581 | Acceptable ”
- - Plutonium- ' ’ ’
11/12/13 | MAPEP-13-Maw29 Water Bq/L 239/240 0.907 0.996 0.697-1.295 | Acceptable _
] False Pos - R
11/12/13 | MAPEP-13-Maw29 Water . B/l Potassium-40 0.339 0 Test Acceptable. .
11/12/13 | MAPEP-13-MaW29, Water __BgiL Strontium-90 6.65 722 ]| 505939 Acceptable
11/12/13 | MAPEP-13-Maw29 Water | BglL Technetium-99 15.4 16.20 - 11.3-211 . Acceptable ' ) '
- ) : : Uranium- : . '
11/12/13 | MAPEP-13-Maw29 Water Bq/L 2_34/233 0.065 0.07 Sens. Eval. Acceptable
11/12/13 | MAPEP-13-Maw29 |  Water Bg/l. Uranium-238 0.031 0.034" | Sens.Eval. | Acceptable |~
11/12/13 | MAPEP-1 3-MaW29_' Water Bg/l Zinc-65 . 36.500 - 34.60 24.2-45.0 |- Acceptable
11/12/13 | MAPEP-13-Maw29 _Water _Ba/L Gross Alpha 0.793 0.701 0.201-1.192 | - Acceptable.
11/12/113 | MAPEP-13-Maw29 Water Bg/L Gross Beta 6.220 5.94 2.97-8.91 . | Acceptable’
. o ' . : 0.0227-
11/12/13 IV_IAF_’EP-'1 3-RdF29 Filter ug/sample Uranium-235 0.034 | 0.032 0.0421 'A;cegtable |
11/12/13 | MAPEP-13-RdF29 Fiter | ug/sample | Uranium-238 158 | 165 11.6-21.5__| - Acceptable | .
11/12/13 | MAPEP-13-RdF29 Filter ug/sample | Uranium-Total 15.80 16.5 11.6-21.5 Acceptable |
. : ! : - ) i " False Pos
11/12/13 | MAPEP-13-RdF29 Filter ug/sample { Americium-241 0.0002 0.000 Test Acceptable
_ K . . . C. False Pos s
11/12/13 | MAPEP-13-RdF29 Filter _Ba/sample Cesium-134 -0.0016 0.00 ~ Test Acceptable
11/12/13 | MAPEP-13-RdF29 .Filte_r Bg/sample Cesium-137 _3.010 2.70 1.9-3.5 Acceptable
11/12/13 | MAPEP-13-RdF29 Filter . | Bg/sample Cobalt-57 - 3.530 3.40. 2.4-4.4 - Accegtéblé
11/12/13 | MAPEP-13-RdF29 Filter él_sample Cobait-60 2.440 2.30 1.6-3.0 Acceptable
11/12/13 | MAPEP-13-RdF29 Filter Bag/sample | Manganese-54 3.720 3.50 2. 54.6 Acceptable "
11/12/13 | MAPEP-13-RdF29 Filter Bag/sample | Plutonium-238 0.128 0.124 -] 0.087-0.161 | Acceptable® |
] i Plutonium- ) .
11/12/13 | MAPEP-13-RdF29 Filter Bg/sample * 239/240 0.092 0.0920 0.064-0.12 Acceptable '
11/12/13 { MAPEP-13-RdF29 Filter Strontium-90 1.69_0 1.81 1.27-_2.35 A_cceg_lable iR
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Uranium- 0.0204-
11/12/13 | MAPEP-13-RdF29 Filter Bg/sample 234/233 0.027 0.0292 0.038 Acceptable
11/12/13 | MAPEP-13-RdF29 Filter Bg/sample Uranium-238 0.020 0.021 0.144-0.267 Acceptable
11/12/13 | MAPEP-13-RdF29 Filter Bg/sample Zinc-65 3.050 2.70 1.9-3.5 _ Acceptabie
1112113 .MAPEP-1 3-RdV29 Vegetation | Ba/sample | Americium-241 0.226 0.19 0.135-0.251 Acceptable
11/12/13 | MAPEP-13-RdV29 Vegelation | Bg/sample Cesium-134 4.750 5.20 3.64-6.67 Acceptable
11/12/13 | MAPEP-13-RdVv29 Vegetation | Bg/sample Ceslurﬁ-137 6.910 6.60 4.62-8.58 Acceptable
11/12/13 | MAPEP-13-RdV29 Vegetation | Bg/sample Cobalt-57 -0.002 0.00 Faligsl:’os Acceptable
11/12/13 | MAPEP-13-RdV29 Vegetation | Bg/sample Cobalt:60 0.008 0.00 Falizs'tpos Acceplable
11/12/13 | MAPEP-13-RdV29 Vegetation | Bg/sample | Manganese-54 7.980 7.88° 5.52-10.24 Accef)lable
11/12/13 | MAPEP-13-RdV29 Vegelation Bq/sample Plutonium-238 0.001 0.001 Sens. Eval. Acceptable
11/12/13 | MAPEP-13-RdV29 Vegetation | Bg/sample Plzu:;g;;:rg ‘ 0.1510 0.171 0.120-0.222 .| Acceptable
11/12/13 | MAPEP-13-RdV29 Vegetation | Bg/sample Strontium-90 2.330 2.32 1.62-3.02 Acceptable

Uranium- 0.0326- .
11/12/13 | MAPEP-13-RdV29 Vegetation | Bg/sample 234/233 0.046 0.047 0.0606 Acceptable
11/12/13 { MAPEP-13-RdV29 Vegetation | Bg/sample Uranium-238 0.332 0.324 '0.227-0.421 Acceptable
11/12/13 | MAPEP-13-RdVv29 ‘| Vegetation | Bg/sample __Zinc-65 2.850 2.63 1.84-3.42 Accég(able
11/12/13 | MAPEP-13-Xaw29 Water Bg/L . lodine-129 3.62 3.79 2.65—4.9_3 Accegtable .
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TABLE 4

Acceptance
Report Sample | Sample GEL Known Range/

Date Number Media Unit Analyte / Nuclide | Value value Ratio Evaluation
02/28/13 | RAD - 92 Water pCi/l Barium-133 55.4 54.4 44.9-60.2 Acceptable
02/28/13 | RAD - 92 Water pCi/lL Cesium-134 27.2 29.9 23.4-32.9 Acceptable
02/28/13 | RAD - 92 Water Ci/L Cesium-137 743 75.3 67.8-85.5 Acceptable
02/28/13 | RAD - 92 Water " pCi/l Cobalt-60 89.0 97.7 87.9-110 Acceplable
02/28/13 | RAD - 92 Water pCi/L Zinc-65 126 114 103-136 - Acceptable
02/28/13 | RAD - 92 Water CilL Gross Alpha 26.0 24.8 12.5-33.0 Acceplable
02/28/13 | RAD - 92 Water pCitt Gross Beta 19.4 19.3 11.3-27.5 Acceplable
02/28/13 | RAD - 92 Water pCi/L Gross Alpha 31.4 24.8 12.5-33.0 Acceptable
02/28/13 | RAD - 92 Water pCi/L Radium-226 10.4 9.91 7.42-11.6 Acceptable
02/28/13 | RAD-92 | Water pCilL Radium-228 4.84 5.22 3.14-6.96 Acceptable
02/28/13 | RAD - 92 Water pCi/L Uranium (Nat) 6.43 5.96 4.47-7.13 Acceptable
02/28/13 | RAD - 92 Water ug/L | Uranium (Nat) mass 9.59 8.69 6.50-10.4 Accegfable
02/28/13 | RAD - 82 Water pCi/lL Radium-226 11.60 9.91 7.42-116 Acceptable {
02/28/13 | RAD - 92 Water pCi/lL - Radium-228 5.13 5.22 3.14-6.96 Acceptable
02/28/13 | RAD - 92 Water pCilL Uranium (Nat) 5.95 5.96 4.47-7.13 Acceplable
02/28/13 | RAD - 92 Water ug/L Uranium (Nat) mass 9.95 8.69 6.50-1_0.4 Acceptable
02/28/13 | RAD - 92 Water pCi/L Tritium 1430 1320 1040-1480 Acceptable
02/28/13 RAD - 92 Water pCi/L Strontium-89 47.5 48 37.6-55.3 Acceptable
02/28/13 ] RAD - 92 Water pCilL Strontium-90 35.9 39.8 29.2-45.8 Acceptable
02/28/13 | RAD - 92 Water pCilL Strontium-89 42.9 48 37.6-55.3 Acceptable
02/28/13 | RAD - 92 Water pCilL Strontium-90 34.6 39.8 29.2-45.8 Acceptable
02/28/13 | RAD - 92 Water pCi/lL lodine-131 23.6 22.7 18.8-27.0 Acceptable
02/28/13 | RAD - 92 Water | pCilL. lodine-131 27 22.7 18.8-27.0 Acceptable
08/22113 | RAD-04 | Water | pCil Barium-133 764 | 7405 | 624820 | Acceptable |
08/22/13 | RAD-94 | water | pCilL Cesium-134 687 | 724 | 501796 | Acceptable

| 08/22/13 | RAD-94 | Water | pCilL Cesium-137 154 155 140-172 Acceptable
08/22/13 | RAD - 94 Water pCilL Cobalt-60 85.3 823 74.1-92.9 Acceptable |
08/22/13 | RAD - 94 Water | - pCifl. Zinc-65 297 260 234-304 Acceptable
08/22/13 | RAD - 94 Water pCiL Gross Alpha 74.3 57.1 29.8-71.2 Accggot‘able
08/22/13 | RAD - 94 Waler pCilL Gross Beta 34.3 41.8 27.9-49.2 Acceptable
08/22/13 | RAD - 94 Water pCiL Gross Alpha 67.7 571 29.8-71.2 Acceptable
108/22/13 | RAD - 94 Water pCi/L Radium-226 16.9 17.2 12.8-19.7 . Acceptable
08/22/13 | RAD - 94 Water pCi/L Radium-226 17 17.2 12.8-19.7 Acceptable
08/22/13 | RAD - 94 Water | pCilL Radium-228 3.53 3.86 2.18-5.4 Acceptable
08/22/13 | RAD - 94 Water -pCilL Uranium (Nat) 20.4 21.4 17.1-24.1 Acceptable
Uranium (Nat) .
08/22/13 | RAD-94 |~ Water | ugit mass 304 312 25.0-35.2 Acceptable
08/22/13 | RAD - 94 Water pCi/L Radium-226 14.6 17.2 12.8-19.7 Acceptable
08/22/13 | RAD -94 | Water pCin Uranium (Nat) 216 | 214 17.1-24.1 Acceptable
Uranium (Nat)
08/22/13 | RAD -94 Water ug/l mass 337 31.2 25-35.2 Acceptable
08/22/13 i RAD -94 ] Water pCilL Tritium 12500 13300 11600-14600 Acceptable
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08/22/13 | RAD - 94 Water . pCi/L Strénlium-sg 48.9 36.5 - 27.4'—4.3.4 Acc::\‘:tta'bl'e
08/22/13 | RAD - 94 | water pCilL Strontium-90 14.3 19.8 14.1-23.4 | Acceptable
08/22/13 | RAD - 94 _ Water pCi/L _Strontium-89 44.3 3'6.5 -27.4-43.4 .Acc:::ttable
08/22/13 | RAD - 94 Water pCi/L Strontium-90 17.3 . |. 198 14.1-23.4 - Acceptable
08/22/13 | RAD-94 | water | pcil lodine-131_ 26.1 243 | 202-288 | Acceptable ‘|
08/22/13 | RAD - 84 . Water pCi/L lodine-131 23.3 243 | 20.2-288 . Acceplable
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TABLE 5

. - | Acceptance
Report Sample Sample GEL Known Range/

Date Number Media Unit Analyte / Nuclide | Value value Ratio Evaluation
05/22/13 MRAD-18 Soil pCikg Actinium-228 1500 1240 795-1720 Acceptable
05/22113_| MRAD-18 Soil __ | pCikg Americium-241 225 229 134207 | Acceptable
05/22/13 | MRAD-18 Soil pCilkg Bismuth-212 1250 1240 330-1820 Acceptable
05/22/13 MRAD-18 Sail pCikg Bismuth-214 4410 3660 2200-5270 Acceptable
05/22/13 MRAD-18 Soil pCitkg Cesium-134 7850 6370 4160-7650 Not Accept.
05/22/13 MRAD-18 Sail pCikg Cesium-137 8070 6120 4690-7870 Not Accep!.
05/22/13 . | MRAD-18 Soil pCi/kg Cobalt-60 10300 7920 5360-10900 Acceptable
05/22/13 MRAD-18 Soil pCikg_ Lead-212 1290 1240 812-1730 Accep(able"'
05/22/13 MRAD-18 Sail PpCikg Lead-214 4690 3660 2140-5460 A(Egg@ﬁe
05/22/13 MRAD-18 Soil pCi/kg Manganese-54 <63.4 <1000 0-1000 _Acceptable
05/22113 | MRAD-18 _Sail pCilkg |  Plutonium-238 651 | 788.00 | 474-1090 | Acceptable
05/22/13 | MRAD-18 Soil pCikg Plutonium-239 _ 320 366.00 239-506 Acceptable
05/22/13 | MRAD-18 Sail pCikg Potassium-40 10300 | 10300 | 7520-13800 Acceptable
05/22/13 MRAD-18 Soil pCikg Strontium-90 6730 8530 3250-13500 Acceptable
05/22/13 MRAD-18 Soil pCikg 'Thorium-234 3290 1900 601-3570 Acceptable
05/22/13 MRAD-18 Soil pCikg Zinc-65 1910 1400 1110-1!_360 Not Accept.
05/22/13 MRAD-18 Soil pCikg Strontium-90 6730 8530 3250-13500 Acceptable |-
05/22/13 MRAD-18 Soil pCikg Uranium-234. 1210 1920 1170-2460 Acceptable
05/22/13 | MRAD-18 Sail pCitkg Uranium-238 1630 1900 1180-2410- Acceptable
05/22/13 MRAD-18 Soil pCi’kg Uranium-Total 2840 3920 2130-5170 | Acceptable
05/22/13 - | MRAD-18 Soil ug/kg Uranium-Total{mass) 4150 5710 3150-7180 Acceptable
05/22/13 | MRAD-18_| Vegetation | pCilkg Am-241 620 | 553 338.735. _|.. Acceptable
05/22/13 MRAD-18 | Vegetation pCikg Cesium-i 34 - 1400 1240 797-1 616 Acceptable
05/22/13 MRAD-18 | Vegetation ' pCikg Ceslum-137 687 544 394-757 Acceptable
05/22/13 _MRAD-1 8 | Vegetation | pCikg Cobalt-60 2410 1920 1320-2680 Acceptable
05/22/13 MRAD-18 | Vegetation pCi/kg Curium-244 1420 1340 657-2090 Acceptable
05/22/13 MRAD-18 | Vegetation pCikg Manganese-54 <47.4 <300 0.00-300 Acceptable
05/22/13 | MRAD-18 | Vegetation | pCikg Plutonium-238 2060 | 1980 1180-2710 ] Acceptable
05/22/13 MRAD-18 | Vegetation pCikg Plutonium-239 2230 2260 1390-3110 Acceptable
05/22/13 MRAD-18_| Vegetation pCilki Potassium-40 35600 31900 | 23000-44800 Acceptable
05/22/13 MRAD-18 | Vegetation | pCikg Strontium-90 . 3720 3840 2190-5090 Acceptable
08/22/13 MRAD-18 | Vegetation | pCikg Uranium-234 2650 2460 1620-3160 Acceptable
05/22/13 MRAD-18 |- Vegetation pCilkg Uranium-238 2580 2440 1630-3100 ‘Acceptable
05/22/13 MRAD-18 | Vegetation | pCikg Uranium-Total. 5361 5010 3390-6230 Acceptable
05/22/13 MRAD-18 | Vegetation ug/kg Uranium-Total(mass) 7740 7310 4900-9280 Acceptable
05/22/13 MRAD-18 | Vegetation | pCilkg Zinc-65 ‘1150 878 633-1230 ) Acceptable
05/22/13 | MRAD-18 Filter pCilFiter Americium-241 629 | 66.8 41.2-80.4 . Acceptable
0522/13 | MRAD-18 Fiter | pCiiFiiter _Cesium-134 1080 1110 706-1380 Acceptable
05/22/13 MRAD-18 Filter pCilFilter Cesium-137 97t | 940 706-1230 - Acceplable
05/22/13 MRAD-18 Filter CilFilter Cobalt-60 217 214 166-267 Acceptable
05/22/13 MRAD-18 Filter pCilFilter Iron-55 224 225 69.8-440 Acceptable
05/22/13 | MRAD-18 _Filter pCifFilter Manganese-54 <5.27 <50.0 0-50.0 Acceptable
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05/22/13 MRAD-18 Filter pCifFilter Plutonium-238 48.0 50.1 34.3-65.9 Acceptable
05/22/13 MRAD-18 Filter pCiFilter Plutonium-239 62.7 65.2 47.2-85.2 Acceptable
05/22/13 ] MRAD-18 Filter pCilFilter Strontium-90 139 138 67.4-207 __Acceptable
05/22/13. MRAD-18 Filter pCi/Filter Uranium-234 54.5 59.4 36.8-89.6 Acceptable
05/22/13 MRAD-18 Filter pCi/Filter Uranium-238 58.5 58.9 38.1-81.4 Acceptable
05/22/13 | MRAD-18 Filter pCi/Filter Uranium-Total 117 121 67.0-184 Acceptable
05/22/13 MRAD-18 F_ii\er ug/Filter Uranlum-Total{mass) 178 176 113-248 Acceptable
05/22/13 MRAD-18 _Filter pCilFilter 2inc-65 222 - 199 142-275 Acceptable
05/22/13 MRAD-18 Filter pCi/Filter Gross Alpha 55.5 42.3 ' 14.2—65.7 Acceptable
05/22/13 | MRAD-18 Filter pCifFilter Gross Beta_ 31 251 15.9-36.6 Acceptable
05/22/13 | MRAD-18 | ~ Water pCill Ameéricium-241 118 118 79.5-158 'AEceptable
05/22/13 MRAD-18 Water pCill _Cesium-1 34 1320 1400 1030-1610 Acceptable
05/22/13 | MRAD-18 Water "gCiIL Cesium-137 1900 1880 | 1600-2250 Acceptable
05/22/13 | MRAD-18 Water pCift Cobalit-60 2370 2270 1970-2660 Acceptable
05/22/13 MRAD-18 Water pCifL Irbn-55 812 712 424-966. Acceptable
05/22/13 MRAD-18 Water pCillL Manganese-54 <7.6 <100 '0.00-100 ' Acceptable
05)22/13 -} MRAD-18 Water pCilL Plutonium-238 91 99 73.1-123 Acceptable
05/22/13 MRAD-18 Water pCill Plutonium-239 161 185 144-233 Acéeplable
05/22/13 MRAD-18 Walter pCilL Strontium-90 144 137 . 89.2_-1 Bi Acceptable
05/22/13 MRAD-18 Water pCill Uranium-234 47.3 -48.8 36.7-62.9 Acceptable

__05/22/13 MRAD-18 Water pCilL Uranium-238 50.8 48.4 36.9-59.4 . Acceptable
05/22/13 MRAD-18 Water pCilL Uranium-Total 98.1 99.5 73.1-129 Acceptable
05/22/13 | MRAD-18 Waler ugfl Uranium-Total(mass) 152 145 116-175 Acceptable
05/22/13 MRAD-18 Water " pCilL Zinc-65 428 384 320-484 Acceptable
05/22/13 | MRAD-18 Water pCill Gross Alpha 138.0 130 46.2-201 Acceptable
05/22/13 MRAD-18 Water pGiL Gross Beta 87 78.9 45.2-117 “Acceptable
05/22/13 MRAD-18 Water “pCill . Tritium 13100 12300 8240-17500 "A_ccebtable
11/26/13 | MRAD-19 Soil pCilkg Actinium-228 1200 1240 795-1720 Acceptable
11/26/13 MRAD-19 _ Soil pCilkg . .Americium-241 186 164 95.9-213 Acceptable
11/26/13 MRAD-19 Soil pCi’kg Bismuth-212 1760 1220 325-1790 Acceptable
11/26/13 | MRAD-19 Sail pCilkg Bismuth-214 4350 3740 2250-5380 Acceptable
11/26/13 MRAD-19 Soil pCilkg Cesium-134 2690 _2820 1840-3390 . Acceptable
11/26/13 | MRAD-19 Soil pCitkg Cesium-137 3960 -4130 3160-5310 Acceptable
11/26/13 | MRAD-19 Soil pCikg Cobalt-60 5490 5680 3840-7820 Acceptable
11/26/13 _ | MRAD-19 Soil pCikg Lead-212 1260 1220 799-1700 Accegtable ‘
11/26/113 | MRAD-19 Soil pCikg Lead-214 4700 3740 2180-5580 Acceptable
11/26/13 | MRAD-19 Soil pCikg Manganese-54 <565.2 | <1000 _0-1000 Acceptable
11/26/13 MRAD-19 Soil pCikg Plutonium-238 576 .658 396-908 Acceplable
11/26/13 ]| MRAD-19 Soil pCikg Plutonium-239 400 397 260-548 Acceptable
11/26/13 | MRAD-18 Soil pCi/kg Potassium-40 11200 | 12400 | 9080-16700 Acceptable
11/26/13 | MRAD-19 Soil pCikg Strontium-90 8220 6860 2620-10800 Acceptéble
11/26/13 MRAD-19 | Soil pCikg Thorium-234 2870 3080 974-5790 Acceptable
11/26/13 MRAD-19 | = Soil pCilkg Zinc-65 3400 3160 2520-4200 Acceptable
11/26/13 | MRAD-19 Soil pCikg Uranium-234 2870 3080 974-5790 Acceptable
11/26/13 )} MRAD-19 Soil pCikg _Uranium-238 2979 3080 1910-3910 Acceptable
11/26/13 MRAD-19 Soil pCikg Uranium-Tofal 6870 6320 3430-8340 Acceptable |

’ Uranium-
11/26/13 ugkg Total(mass) 8460 | 9220 | 5080-11600 | Acceptable

MRAD-19 Soil
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11/26/13 MRAD-19 | Vegetation | pCi/kg Am-241 3800 3630 2220-4830 Acceptable
11/26/13__| MRAD-19 Vegetation | pCikg Cesium-134 907 859 552-1120 Acceptable
11/26/13 MRAD-19 | Vegetation pCikg Cesium-137 1220 . 1030 747-1430 Acceptable
11/26/13 MRAD-19 | Vegetation | pCilkg Cobalt-60 2100 1880 1300-2630 - Acceptable
11/26/13 MRAD-19 | Vegetation §- pCilkg Curium-244 . 1230 1250 612-1950 Acceptable
11/26/13 MRAD-19 | Vegetation pCikg Manganese-54 <533 | <300 0-300 . Acceptable
11/26/13 MRAD-19 | Vegetation | pCikg Plutonium-238 1280 1290 769-1770 Acceptable
11/26/13 MRAD-19 | Vegetation | pCikg Plutonium-239 2580 2770 1700-3810 Acceptable
11/26/13 MRAD-19 | Vegetation | pCikg Potassium-40 33600 | 33800 | 24500-47600 | Acceptable
11/26/13 | MRAD-19_| Vegelation | pCi/kg Strontium-90 5870 6360 3630-8430 Acceptable
11/26/13 | MRAD-19 | Vegetlation | pCikg Uranium-234 674 654 430-840 Acceptable
11/26/13 | MRAD-19 | Vegelation | pCi/kg Uranium-234 1050 654 430-840 Acc:&table'
11/26/13 MRAD-19 | Vegetation | pCikg Uranium-238 655 648 432-823 Acceptable
11/26/13 MRAD-19 | Vegetation pCikg __Uranium-Total 1364 1330 901-1660 Acceptable
11/26/13 | MRAD-19 Vegetation | pCikg _Uranium-Total 1773 1330 901-1660 Acc::t‘able
11/26/13 MRAD-19 ] Vegelation ug/kg Uranmm-roxalgmass) 19860 1840 1300-2460 Acceptable
11/26/13 MRAD-19 | Vegetation | pCi/kg Zinc-65 1990 1540 1110-2160 _Acceptable _
11/26/13 | MRAD-19 Filter pCilFilter Americium-241 75.2 66.4 40.9-89.9 "Acoeptab!e
11/26/13 | MRAD-19 Filter pCifFilter Cesium-134 845 868.0 552-1080 - Acceptable
11/26/13 | MRAD-19 Filter pCilFilter_ Cesium-137 641 602 452-791 Acceptable
11/26/13 | MRAD-19 Filter_ pCifFilter Cobalt-60 534 494 382617 Acceptable
11/26/13 MRAD-19 Filter pCilFilter Iron-55 466 389.0 121-760 Acceptable
11/26/13 _| MRAD-19 Filter pCi/Filter Manganese-54 <3.9 <50 0.00-50.0 Acceptable
11/26/13 | MRAD-19 Filter ug/Filter Plutonium-238 72.8 68.5 46.9-80.1 Acceptable

-11/26/13 | MRAD-19 _Filter pCilFilter Plutonium-239 56.5 53.4 42.4-93.1 Acceptable
11/26/13 | MRAD-19 Filter pCiFilter Strontium-90 130 125 61.1-187 "Acceptable
11/26/13 | MRAD-19 Filtgf pCi/Filter Uranium-234 56 87 35.6-86.6 Acceptable
11/26/13 | MRAD-19 Filter pCilFilter Uranium-238 58 56.90 36.8-78.7 " Acceptable
11/26/13 MRAD-19 Filter pCi/F iter Uranium-Total 116 117 64.8-178 Acc‘eptable
11/26/13 MRAD-19 Filter ug/Filter Uranium-Total(mass) 172 171 109-241 Acceplable
11/26/13 MRAD-19 Filter pCi/Filter Zinc-65 514 419 300-578 Acceptable
11/26/13 | MRAD-19 Filter ug/Filter Tgtr:l?rltl\‘;nss) 169 171 109-241 Acceptable
11/26/13 MRAD-19 Filter ug/Filter T(LJJlraal?rI:;nss) 150 171 109-241 Acceptable
11/26/13 | MRAD-19 Filter_ pCilFiter Gross Alpha 100 83 27.8-129 Acceptable
11/26/13 | MRAD-19 Filter pCilFilter Gross Beta 65.7 56.3 35.6-82.2 Acceptable
11/26/13__| MRAD-19 Water pCilL Americium-241 126 126 84.9-169 Acceptable
11/26/13 | MRAD-19 Water pCi/l. Cesium-134 2060 2180 1600-2510 Acceptable
11/26/13__] MRAD-19 Water pCiL Cesium-137 2730 2760 2340-3310 Acceptable
11/26/13 MRAD-19 Water pCilL Cobalt-60 1960 1890 1640-2210 | .Acceptable
11/26/13__| MRAD-19 Water pCilL Iron-55 721 689 411-935 Acceptable
11/26/13 MRAD-19 Water pCilL Manganese-54 <7.24 <100 0.00-100 Acceptable
11/26/13 | MRAD-19 Water ' pCill Plutonium-238 133 138 102-172 Acceptable -
11/26/13 _| MRAD-19 Water pCilL Plutonium-239 98.7 109 84.6-137 Acceptable
11/26/13 | MRAD-19 Water pCilL Strontium-90 726 788 513-1040 Acceptable
11/26/13 | MRAD-19 Water pCilL Uranium-234 93 99_ 74.3-128 Acceptable
11/26/13 | MRAD:19 Water pCill. Uranium-238 93 98.00 74.7-120 Acceptable
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11/26/13 | MRAD-19 Water pCi/L |  Uranium-Total 186 201 -148-260 | - Acceptable
11/26/13 | MRAD-19 |  water ugl Uranium- Total(mass) 278 204 | 234-355 Acceptable
11/26/13 | MRAD-19 | Water | pCML_|  Zinc85 1560 | 1370 | 1140-1730 | Acceptable
11/26/13 | MRAD-19 | . Water pCilL Gross Alpha 1050 | 97 34.3-150 .| Acceptable
11/26/13 MRAD-19 " Water pCi._~ Gross Beta 78.8 84.5 48.4-125 " Acceptable
11/26/13_| MRAD-19 | ‘Water pci. | . Tritum 7| 8740 | 9150 | 6130-13000 | Acceptable
11/26/13 | MRAD-19 | Water poit | uraniim-234 924 | 989 | 743-128 | Acceptable
11/26/13 | MRAD-19 | Water .| pCit. | . .Uranium-238 96.1 98.0 | 74.7-130 | Acceptable
11/26/13 | MRAD-19 | Water pCi.__|  Uranium-Total | -193 | 201 148-260 Acceptable
11/2613 | MRAD-19 | Water uglL Uranum-Tota(mass) _| 288 294 234-355_ | Acceptable
11/26/13 | MRAD-19 | water | pCit | Umnium-234 | 952 | e89 74.3-128 Acceptable
11/26/13 | MRAD-19 Water pCilL " Uranium238 | 115 | 98.00 | .74.7-120 | Acceptable
11726113 | MRAD-19 |  water pGi_ | Uranium-Total 215 | 201 148-260 | - Acceptable
11/26/13 | MRAD-19 |  water uglL Uranium-Totalfmass) | 344 204 | 234-355 - | . Acceptable
112613 | MRAD-19 | _ Water ugl Uraniumi-Totamass) | 258 | 204 | 234.355 | ° Acceptable
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FIGURE 1

COBALT-60 PERFORMANCE EVALUATI,ON RESULTS AND % BIAS

“

2013 Cobalt-60 Performance Evaluation Results and % Bias e Co60
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FIGURE 2

CESIUM-137 PERFORMANCE EVALUATION RESULTS AND % BIAS

2013 Cesium-137 Performance Evaluation Results and % Bias
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FIGURE 3 '

TRITIUM PERFORMANCE EVALUATION RESULTS AND % BIAS

2013 Tritium Performance Evaluation Results and % Bias .
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FIGURE 4 ‘ -

STRONTIUM-QO PERFORMANCE EVALUATION RESULTS AND % BIAS

2013 Strontium-90 Performance Evaluation Results and % Bias
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FIGURE 5

GROSS ALPHA PERFORMANCE EVALUATION RESULTS AND % BIAS

2013 Gross Alpha Performance Evaluation Results and % Bias
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FIGURE 6

GROSS BETA PERFORMANCE EVALUATION RESULTS AND % BIAS

2013 Gross Beta Performance Evaluation Results and % Bias
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FIGURE 7

IODINE-131 PERFORMANCE EVALUATION RESULTS AND % BIAS

2013 lodine-131 Performance Evaluation Results and % Bias
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FIGURE 8

AMERICIUM-241 PERFORMANCE EVALUATION RESULTS AND % BIAS
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2013 Americium-241 Performance Evaluation Results and % Bias
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FIGURE 9

PLUTONIUM-238 PERFORMANCE EVALUATION RESULTS AND % BIAS

2013 Plutonium-238 Performance Evaluation Results and % Bias
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TABLE 6
REMP INTRA-LABORATORY DATA SUMMARY: BIAS AND PRECISION BY MATRIX
Bias Criteria Precision Criteria
REMP 2013 (+ / =~ 25%) {(Note 1)
— - 'ODTSI_D.E_:
MIEK
.Gamma Jodine-131 41 0 131 0
Gas Flow Sr 2nd count 46 0 49 0
Gas Flow Total Strontium 35 0 35 0
Gamma Spec Liquid RAD A-013 with '
B
LSCIron-55 0 5 0
Gamma Spec Solid RAD A-013 28 0 31 0
LSC Nickel 63 : 5 0 5 0
Gas Flow Sr 2nd count - 4 0 4 0
Gas Flow Total Strontium 8 0 8 0
Gamma Spec Solid RAD A-013 with Ba,
La 7 0 10 0
Gamma Spec Solid RAD A-013 with
ladine Q 7 0
FILYER L -
Gamma Spec Fllter RAD A- 013 4 0 4 )
Gas Flow Sr 2nd Count 5 0 5 0
Alpha Spec Am241Curium 3 0 3 0
Gas Flow Total Strontium 3 0 3 0
Gross A & B 526 0 527 0
Gamma Spec Filter __45 0 51 0
LIQUID . : R C ,
Alpha Spec Uranium 8 0 9 0
Tritium 336 0 337 0
Plutonium 1 0 1 0
LSC Iron-55 40 0 42 0
LSC Nickel 63 41 0 43 0
1 Gamma Spec Liquid RAD A-013 7 0 7 0
Gamma lodine-131 33 0 33 0
Alpha Spec Plutonium 10 0 10 0
Gas Flow Sr 2nd count 20 0 20 0
Alpha Spec Am241 Curium 17 0 17 0
Gas Flow Total Strontium 161 0 163 0
Gross Alpha Non Vol Beta 102 0 104 0
Gamma Spec Liquid RAD A-013 with
Ba, La - 129 0 209 0
| Gamma Spec Liquid RAD A-013 with
Iodine . 56 0 85 0
 TISSUE: T T
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Gamma Spec Solid RAD A-013 45 0 48 0
LSC Nickel 63 2 0 2 0
Gas Flow Sr 2nd count 10 0 10 0
Gas Flow Total Strontium : 17 0 17 0
Gamma Spec Solid RAD A-013 with Ba, ' '

La 6 0 5 0
Gamma Spec Solid RAD A-013 with

lodine 17 0 17 0
SEA WATER_

LSC Iron-55 2 0 2 0
LSC Nickel 63 2 0 2 0
Gas Flow Total Strontium 1 0 1 0
Gross Alpha Non Vol Beta 1 0 1 0

Gamma Spec Liquid RAD A-013 with

Iodine 0 1
._VEGETATION e

Gas Flow Sr 2nd count 0 9

Gamma Spec Solid RAD A-013 with :

Iodine 91 0 93 . . 0
| AIR CHARCOAL e e

Gamma lodine 131 RAD A- 013 623 0 645 - 0

Carbon-14 (Ascarite/Soda Lime Filter

er Liter) 46 0 47 0

| DRINKING WATER '

Tritium 51 0 52 0

LSC Iron-55 24 0 22 0

LSC Nickel 63 23 0 21 0

Gamma Iodine-131 38 0 38 0

Gas Flow Sr 2nd count 16 0 16 0

Gas Flow Total Strontium _ 31 0 31 -0

Gross Alpha Non Vol Beta 103 0 103 0

Gamma Spec Liquid RAD A-013 with ] 0

Ba, La _ 44 _ 0 98 .

: Total 2996 _ 3359

Note 1: The RPD must be 20 percent or less, if both samples are greater than 5 times the MDC. If both resuits
are less than 5 times MDC, then the RPD must be equal to or less than 100%. if one result is above the MDC and
the other is below the MDC, then the RPD can be calculated using the MDC for the result of the one below the
MDC. The RPD must be 100% or less. In the situation where both results are above the MDC but one result is
greater than 5 times the MDC and the other is less than 5 times the MDC, the RPD must be less than or equal to
20%. If both results are below MDC, then the limits on % RPD are not applicable.
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TABLE 7 _
ALL RADIOLOGICAL INTRA-LABORATORY DATA SUMMARY:.
BIAS AND PRECISION BY MATRIX
: Ll - Bias Criteri A
. (+ [/ -25%_
WITHIN L
' ENVIRONMENTAL 2013 CRITERIA | CRITERIA | CRITERIA ‘CRITERIA

MILK o .

.Gamma Spec Liquid RAD A-013 8 0 8 0
Gamma Iodine-129 1 0 1 0

| Gamma lodine-131 41 0 131 0
Gas Flow Sr 2nd count 50 0 .51 . 0
Gas Flow Strontium 90 10 0 10 0
Gas Flow Total Strontium 35 0 35 0
Gamma Spec Liquid RAD A-013 with
Ba, La 61 0 120 ‘0
Gamma Spec Liquid RAD A-013 with ‘
lodine 5_ 0 3 0
SOLID . . o .
Gas Flow Radium 228 29 0 29 "0
Tritium 266 0 312 0
Carbon-14 136 0 227 .0
LSC Iron-55 146 0 165 o__
Alpha Spec Polonium Solid 19 0 22 0
Gamma Nickel 59 RAD A-022 138 0 157 0
LSC Chlorine-36 in Solids 8 Q__ 13 0
Gamma Spec Ra226 RAD A-013 35 ) 42 0
Gamma Spec Solid' RAD A-013 701 0 ‘893 0
LSC Nickel 63 176 0 201 0
LSC Plutonium 223 0 245 0
Technetium-99 309 0 339 0
Gamma Spec Liquid RAD A-013 4 0 4 0
ICP-MS Technetium-99 in Sail 75 0 74 0 -
LSC Selenium 79 5 0 5 0
Total Activity, 2 0 3 _0
Tritium 5 0 5 )
_Alpha Spec Am243 33 0 42 0

| Gamma lodine-129 172 0 199 0
Gas Flow Lead 210 18 0 19 0
Total Uranium KPA 10 0 18 0
Alpha Spec Uranium ' 278 0 380 0.
LSC Promethium 147 4 0 4 0
LSC, Rapid Strontium 89 and 80 106 0 120 0
Alpha Spec Thorium 207 0 288 0
Gas Flow Radium 228 2 0 2 0"
ICP-MS Uranium-233, 234 in Solid 6 0 _ .S (4]
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Alpha Spec Plutonium 242 0 263 0
ICP-MS Technetium-99 Prep in Sail 78 0 74 0
LSC Calcium 45 : 2 0 2 0
Alpha Spec Neptunium 234 0 256 0
Alpha Spec Plutonium 157 Q 195 0
Alpha Spec Radium 226 7 0 8 0
Gamma Spec Solid with Ra226, Ra228 5 0 6 0
Gas Flow Sr 2nd count 15 0 18 0
Gas Flow Strontium S0 _ 187 0 207 0
Gas Flow Total Radium 1 0] 1 0
Lucas Cell Radium 226 71 0 93 0

1 Total Activity Screen 10 0 13 0
Alpha Spec Am241 Curium 292 0 336 0
Alpha Spec Total Uranium 5 0 6 0
Gas Flow Total Strontium 40 0 44 0]
Gross Alpha Non Vol Beta 3 0 3 0
ICP-MS Uranium-233, 234 Prep in Solid 5 0 5 0
ICP-MS Uranium-235, 236, 238 in Solid 7. 0 8 0
Alpha Spec Polonium Solid 6 0 4 0
Gamma Spec Sohd RAD A-013 with Ba, :

La 7 0 10 0
Gamma Spec Solid RAD A-013 with :
Iodine 6 0 7 0
Gamma Spec Solid RAD A-013

(pCi/Sample) 0 0 2 0
Tritium 3 0 3 0
ICP-MS Uranium-234, 235, 236 238 in

Solid 245 0 234 0
ICP-MS Uranium-235, 236, 238 Prep in

‘Solid 5 0 5 0
Gross Alpha/Beta 297 0 405 0
Gross Alpha/Beta (Amencmm _ .o
Calibration) Solid -0 0 1 0
ICP-MS Uranium-234, 235, 236, 238 _

Prep in Solid 122 0 115 0
Lucas Cell Radium 226 by DOE HASL
300 Ra-04 Solid 2 0 2 0
FILTER
Alpha Spec Uranium 18 0 24 0
Alpha Spec Polonium 0 0 54 0
Gamma I1-131, filter 4 0 4 0
LSC Plutonium Filter 143 0 169 3
Tritium 134 0 201 0
Carhon-14 82 (4] 140 0
I Nickel-63 _ 0 0 4 0
LSC Iron-55 147 0 161 0
Gamma Nickel 59 RAD A-022 140 0 159 0
Gamma Iodine 131 RAD A-013 2 0 2 0
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LSC Nickel 63 138 0 162 0
Technetium-99 : 103 0 137 Q
Gamma Spec Filter RAD A-013 195 0 245 0
Alphaspec Np Filter per Liter 30 0 - 42 0
Alphaspec Pu Filter per Liter 14 0 29 0
Gamma lodine-125 o 13 0 0 0
Gaimma lodine-129 114 " 0. 127 0
Gross Alpha/Beta ' 0 0 1 0
Alpha Spec Am243 13 0 42 0
Gas Flow Lead 210 ' 0 0 4 0
LSC Plutonium Filter per Liter 36 - 0 43 0
Total Uranium KPA 11 0 18 0
Alpha Spec Uranium 83 0 114 0
LSC, Rapid Strontium 89 and 90 144 0 168 0
Alpha Spec Thorium ' 45 0 57 0
Gas Flow Radium 228 0 0 2 0
Alpha Spec Plutonium 107 0 123 0
Alpha Spec Neptunium 112 0 129 0
Alpha Spec Plutonium 142 [ 183 0
Alpha Spec Polonium, (Filter/Liter) 0 0 10 0
Alpha Spec Radium 226 0 0 1 0
Gas Flow Sr 2nd Count 93 0 101 .0

‘|Gas Fiow Strontium 90 59 0 78 0
Gas Flow Total Radium . 0 0 4 0
Lucas Cell Radium-226 - 0 0 2 0
Alpha Spec Am241Curium 157 0 - 198 0
Gas Flow Total Strontium 5 0 5 0
Total Activity in Filter, 0 0 7 0
Alphaspec Am241 Curium Filter per . '

Liter 33 0 42 0
Tritium 106 0 108 0
Gamma Spec Filter RAD A-013 Direct

Count - 7 0. . 8 0
Carbon-14 44 0 44 0
Direct Count-Grass Alpha/Beta 72 0 . 0 0

| Gross Alpha/Beta - 74 0 81 0
ICP-MS Uranium-234, 235, 236, 238 in . ' t
Filter ] 8 o 4 0
Alpha Spec U - 31 0 60 0
Gross A & B . ' 639 0 _ 584 0
LSC Iron-55 _ 39 0 51 0 -
Technetium-99 ' .37 0 55 0
Gas Flow Sr-90 29 0 35 0
LSC Nickel 63 37 0 44 0
Carbon-14 (Ascarite/Soda Lime Filter _ .
per Liter) 2 0 2 0
Gas Flow Pb-210 25 0 46 0
Gas Flow Ra-228 24 0 .35 0_
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Gamma Iodine 129 47 0 47 0
ICP-MS Uranium-234, 235, 236, 238 . . }
Prep in Filter 6 0 3 0
Gamma Spec Filter 142 0 163 0
Lucas Cell Ra-226 32 0 47 0
Alpha Spec Thorium : 27 0 46 0

_LIQUID. . . e .
Alpha Spec Uranium 418 0 607 0
Alpha Spec Polonium 2 0 3 0
Electrolytic Tritium 19 0 29 0
Tritium 1415 0 1503 0
Tritium by Combustion 1 0 1 0
Carbon-14 181 0 204 0 .
Plutonium 81 0 89 0
Chlorine-36 in Liquids ) 2 0 3 0
lodine-131 6 0 3 0
LSC Iron-55 290 0 '347 0
Gamma Nickel 59 RAD A-022 ' 29 0 33 0
Gamma lodine 131 RAD A-013 _ 3 0 3 0
Gamma _Radium 228 RAD A-013 1 0 1 0
LSC Nickel 63 328 0 370 0
LSC Radon 222 ' -5 0 12 0
Technetium-99 ' 303 0 365 0
Gamma Spec Liquid RAD A-013 874 0 875 0

1 Alpha Spec Total U RAD A-011 0 0 2 0
LSC Selenium 79 1 0 1 0
Total Activity, 6 0 6_ 0
Alpha Spec Am243 12 0 20 0
Gamma lodine-129 84 0 117 0
Gamma lodine-131 33 0 33 0
ICP-MS Technetium-99 in Water 5 0 28 0
Gas Flow Lead 210 83 0 94 0
Total Uranium KPA ) 96 0 226 2
LSC Promethium 147 3 0 3 0
LSC, Rapid Strontium 89 and 90 15 0 15 0
Alpha Spec Thorium 205 0 278 0
Gas Flow Radium 228 244 0] 318 0
Gas Flow Radium 228 36 0 35 0
Gas Flow Radium 228 1 0 1 0
Alpha Spec Plutonium _ ‘317 0 436 0
Alpha Spec Neptunium - 110 0 127 0
Alpha Spec Plutonium 61 Q- - 86 0
Alpha Spec Radium 226 . 0 0 1 0
Gas Flow Sr 2nd count 283 ) 316 0
Gas Flow Strontium 90 499 "0 568 0

| Gas Flow Strontium 90 . 2 0 2 0
Gas Flow Total Radium ' 92 0 129 0
ICP-MS Technetium-99 Prep in Water - 5 0 28 0
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ICP-MS Uranium-233, 234 in Liquid 1 0 1 0.
Lucas Cell Radium 226 372 0 487 0
Lucas Cell Radium-226 17 0 21 0
Total Activity Screen : 3 0 3 0
Chilorine-36 in Liguids 4 0 10 0
Alpha Spec Am241 Curium 307 0 405 0
Gas Flow Total Strontium 231 0 241 0
Gross Alpha Non Vol Beta 1313 0 1554 0
LSC Phosphorus-32 2 0 2 0
Lucas Cell Radium 226 by Method Ra-

04 ] 3 0 3 0
ICP-MS Uranium-233, 234 Prep in :

Liquid 1 0 1 0
Tritium in Drinking Water by EPA 906.0 11 0 14 0
Gamma Spec Liquid RAD A-013 with _ :

Ba, La 131 0 211 0
Gamma Spec Liquid RAD A-013 with _ )
Iodine 159 0 205 0

- Gas Flow Strontium 89 & 90 6 0 0 0
ICP-MS Uranium-235, 236, 238 in
Liguid 2 0 2 0
Gas Flow Total Alpha Radium 13 0 11 .0
Gross Alpha Co-precipitation 7 0 9 Q-
ICP-MS Uranium-235, 236, 238 Prep in T
Liquid : 1 0 : 1 0
ICP-MS Uranium-234, 235, 236, 238 in
Liquid - 22 0 98 - ' 0
Gross Alpha Beta (Americium ' L
Calibration) Liquid 16 0 21 0
ICP-MS Uranium-234, 235, 236, 238 . o
Prep in Liquid 14 0 51 0
Alpha/Beta (Americium Calibration) ' :
Drinking Water - 2 0 __ 0

“TISSUE o e Sidige iy SRR A P
Carbon-14 2 0 2 0
LSC Iron-55 3 0] 3 0
Gamma Nickel 59 RAD A-022 2 0 2 0
Gamma Spec Solid RAD A-013 71 0 79 0
LSC Nickel 63 4 0 4 0
LSC Plutonium 1 0 1 0
Technetium-99 2 0 2 0 .
Tritium 1 -0 1 1]
.Gamma Iodine-129 2 0 2 0
Gas Flow Lead 210 2 0 2 0
Alpha Spec Uranium 5 0 5 0
Alpha Spec Thorium 2 0 2 0
Alpha Spec Plutonium 10 0 10 0
Alpha Spec Neptunium 4 0 4 0
Alpha Spec Plutonium 2 0 2 0

| Gas Flow Sr 2nd count 10 0_ 10 Q
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Gas Flow Strontium 90 20 0 23 0
Alpha Spec Am241 Curium 9 0 9 . 0
Gas Flow Total Strontium 19 0 19 0
Gamma Spec Solid RAD A-013 with Ba, ’
La 6 0 5 0
Gamma Spéc Solid RAD A-013 with
lodine 17 0 17 0
Gross Alpha/Beta 2 0 2 0
SEA WATER ] e
LSC Iron-55 2 0 2 0
LSC Nickel 63 2 0 2 0
Gas Flow Total Strontium 1 0 1 0
Gross Alpha Non Vol Beta 1 0 1 0
Gamma Spec Liquid RAD A-013 with .
lodine 1 0 1 0
VEGETATION
Gamma Nickel 59 RAD A-022 3 0 3 0
Gamma Spec Solid RAD A-013 31 0 31 0 .
LSC Nickel 63 3 0 3 0
LSC Plutonium 1 0 1 0
Technetium-99 6 0 6 0
Tritium 9 0 9- 0
Gamma lodine-129 1 0 1 0
Gas Flow Lead 210 8 0 7 0

| Total Uranium KPA 4 0 4 )
Alpha Spec Uranium 23 0 ‘21 0
Alpha Spec Thorium 7 0 7 0
Alpha Spec Plutonium 15 0 12 -0
Alpha Spec Neptunium 1 0 1 0
Alpha Spec Plutonium 1 0 1 0
Gas Flow Sr 2nd_count 9 0 9 0

‘| Gas Flow Strontium 90 19 0 18 _ 0
Gas Flow Total Radium 2 0 "3 0
Alpha Spec Am241 Curium 11 0 8 0
Gamma Spec Solid RAD A-013 with
Iodine 91 0 93 0 .
Gamma Spec Solid RAD A-013 :
(pCi/Sample) 5 0 3 0
Alpha Spec. Am241 (pCi/Sample) 3 -0 2 0
ICP-MS Uranium-234, 235, 236, 238 in ' J
Solid 9 0 7 0
Alpha Spec Uranium 1 0 17 0
Gross Alpha/Beta 4 0 4. 0
Alpha Spec Plutonium 2 0 2 0
Gas Flow Strontium 90 4 0 2 0
ICP-MS Uranium-234, 235, 236, 238
Prep in Solid 7 0 S 0
AIR CHARCOAL .

| Gamma Iodine 131 RAD A-013 623 0 645 | 0
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Gamma Jodine-129 0 0 1 0
Carbon-14 (Ascarite/Soda lee Fllter

er Liter) - - , 88 0

VDRINKINGIWATERE . '%,m
Alpha Spec Uranium . . 8 0
Tritium . 51 0 . 52 0
Iodine-131 1 0 2 0
LSC Iron-55 24 0 . 22 0
LSC Nickel 63 23 0 21 0:
LSC Radon 222 96 0_ 96 0
Gamma Spec Liquid RAD A-013 24 0. ‘24 .0
Total Activity, . 2 0 2 " 0.
Gamma lodine-129 2 0 L2 0
Gamma lodine-131 38 0 38 0

| Total Uranium KPA _ 15 0 28 0
Gas Flow Radium 228 42 1] 42 0
Alpha Spec Plutonium 6 - 0 6 0
Gas Flow Sr 2nd count 16 0 16 0
Gas Flow Strontium 90 25 0 24 -0
Lucas Cell Radium-226 58 6 78 0
Alpha Spec Am241 Curium 6 0 6 0
Gas Flow Total Strontium 31 0 31 0
Gross Alpha Non Vol Beta . 343 0 287 0
Tritium in Drinking Watér by EPA 906.0. 37. 0 34 0
Gamma Spec Liquid RAD A-013 with . :

Ba, La 44 0 98 0_
Gas Flow Strontium 89 & 90 20 0 13 - 0
Gas Flow Total Alpha Radium 1 0 1 0

Gross Alpha Co-precipitation 105 0 87. 0
Alpha/Beta (Americium Calibration)

Drinking -Water ' 13 .0 13 0
ECLS-R-GA NJ 48 Hr Rapid Gross Alpha 8 0 8 .0

Total |

20148

23892

‘Note 1: The RPD must-be 20 percent or less, if both samples are greater than 5 times the MDC: if both results
are less than 5 times MDC, then the RPD must be equal to or less than100%. If one result is above the MDC and | .
the other is below the MDC, then the RPD can be calculated using the MDC for the result. of the one below the
MDC. The RPD must be 100% or less. In the situation where both results are abovethe MDC but one result is
greater than 5 times the MDC and the other is less than 5 times the MDC the RPD must be less than or equal to
20%. If both results are below MDC then the limits on % RPD are not applicable.
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TABLE 8.

2013 CORRECTIVE ACTION REPORT SUMMARY

CORRECTIVE ACTION ID#
: & .
PE FAILURE

DISPOSITION

CAR§1 30513-789 -

1ISO Documentation of PT Failures in
MAPEP-13-RdV28 for Uranium in
Vegetation by ICP/MS and Alpha
Spec '

Root Cause Analysis of MAPEP-13-RdV28
Uranium-234/233, Uranium-235, Uranium-238 and Total
Uranium

Following reviews of our process and data and conversations
with personnel from the affected laboratories, it was
determined that all failures were due to an analyst error during
sample preparation. Glass instead of Teflon beakers were
used during the sample digestion which contained
Hydrofluoric (HF) acid. Per Standard Operating Procedure (
SOP) GL-RAD-A-015 section 11.2.4, the sample should have
been transferred to a Teflon beaker. In this instance, this step
was omitted. The digestion was performed in glass beakers
so trace amounts of Uranium were leached from the glass into
the sample, resulting in high bias in the resuits. Normal
procedure dictates that glass is not used when using HF in
the digestion process due to the presence of natural Uranium
in the glassware. '

In order to prove that this was an isolatéd incident and that
our overall process is in control a series of digestions were
performed in the glass beakers to confirm our conclusion.

« HCL /HNO; only digestion - Uranium was not -
detected.

e HCL, HNO;, and HF digestion - Enough Uranium
activity was detected to account for the high bias (as
many.as 70 counts in a 16 hour and 40 minute count).

e HF only digestion -- Resuits similar to HCL, HNO,, and
HF were observed

A second PT was successfully analyzed for this matrix.

CARR130522-791

1ISO Documentation of PT Failures in
—MRAD-18 for Cesium-134, Cesium-
137 and Zinc-65 in Soil

Following a review of our processes, the data and
conversations with personnel from the affected laboratories, it
was determined that our normal procedure for preparing soil
samples is not sufficient for this soil matrix. Per the Standard
Operating Procedure {SOP) GL-RAD-A-021, the sample was




'lsﬁiéi?""b‘*t?)‘“ﬁ-‘a oties LLG

P O Box 30712 Charleston SC 29417

2013 ANNUAL QUALITY ASSURANCE REPORT _ Page 55 of 58

dried, homogenized, and passed through a 28 mesh sieve.
However, approximately 20-30% of the sample consists of
particles greater than the 28 mesh sieve size. These larger
particles were not affected by our normal homogenization
process. In accordance with the SOP, the larger particles
were removed prior {o preparing the container for gamma
counting.

Upon receipt of the graded report, the following steps were
taken to prove that this was an isolated incident and that our
overall process is in control.

1. A recount of the initially prepared sample performed
and confirmed the originally reported results.

2. A new container was then prepared from the original
sample but omitting the preparation step and counted.
This produced acceptable results.

3. A second sample was prepared per the SOP;
however, only a portion of the sample was removed
during the sieving steps. This sample produced
similar high biased resuits.:

An aliquot of the sample was then pulverized prior to gamma
counting. This ap_proach also produced acceptable resuits.

Permanent Corrective/Preventive Actions or
Improvements :

In the future, these samples will be pulverized to ensure that
all the material passes through the 28 mesh sieve; thus,
eliminating the need to remove any of the original sample. A

_ comment has been added to the set-up for the sohd matrix,

A second PT was: successfully analyzed for this matnx
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CARR130826-810

Fdr Failures of RAD-94 for Gross
Alpha/Bea and Strontium 89/90 in
Water

Root Cause Analysis of Gross Alpha

After a review of the data, an apparent reason for this
discrepancy could not be determined. The following steps
were taken to prove that this high bias was an isolated
occurrence and that our overall process is within control.

1. The batch quality control samples were reviewed
and found to be compliant. The LCS recovered at
110%. While the recovery is slightly elevated, it is.
well within the 80%-120% acceptance range.

2. Laboratory control data were also reviewed for
trends. None were noted.

3. The instrument calibrations were reviewed for
positive biases that could have attnbuted to this
failure. None were noted.

4. Two sample duplicates were also prepared and
counted along with the reported result. Both results
fell within the method's acceptance range for
duplicate. One of the resuits also fell within the
acceptance range of the study. _

5. The original sample was also recounted and the
resuits fell within the acceptance range.

Root Cause Analysis of Strontium-89 (Sr-89)
LAB PBMS A-004

After a review of the data, an apparent reason for this
discrepancy could not be determined. The following steps
were taken to prove that this high bias was an isolated
occurrence and that our overall process is within control.

1. The batch quality control samples were reviewed
and found to be compliant.” The LCS recovered at
98.1%.

2. Laboratory control data were also rev:ewed for
trends. None were noted.

3. The instrument calibrations were reviewed for
positive biases that could have attributed to this
failure. None were noted.

4. Sample duplicates were also prepared and counted
along with the reported result. Duplicate results fell
within the acceptance range of the study.

Root Cause Analysis of Strontium-89 (Sr-89)

EPA 905.0

After a review of the data, an apparent reason for this '
discrepancy could not be determined. The following steps

were taken to prove that this high bias was an isolated
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-1 occurrence and that our overall process is within control.

1. The batch quality control samples were reviewed
and found to be compliant. The LCS recovered at
102%.

2. Laboratory control data were also reviewed for
trends. None was noted.

3. The instrument calibrations were reviewed for

~ positive biases that could have attributed to this
failure. None were noted. '

4, Sample duplicates were also prepared and counted
along with the reported result. All results fell within

- the method’s acceptance range for duplicates.

Permanent Corrective/Preventive Actions or
Improvements:

Gross Alpha

The laboratory must assume an unidentified random error
caused the high bias because all quality control criteria were
met for the batch. The lab will continue to monitor the
recoveries of this radionuclide to ensure that there are no -
issues. ¥ '

Strontium-89 (Sr-89)
LAB PBMS A-004 and EPA 905.0

To summarize our efforts (including the initial result), the

| laboratory had 3 analysts, two different methods, processed

with 2 calibrations and two separate Y carriers used in the
analysis of this sample and only one acceptable result for Sr-
89. All LCS results have met acceptance criteria. This leads
the laboratory to conclude that there is possibly an error in the
original make-up of the PT sample. The instructions list
stable Sr and Y as being included but they are not at levels:
greater than are normally listed so we suspect that the make
up of the sample was the cause. The laboratory will continue
to monitor the recoveries from these two methods to ensure
that there are no issues.
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‘For failures of MRAD-19 for Uranium-
234 and Total Uranium in Vegetation

.Root Cause Analysis

These elevated results were obtained following our routine -
procedure. The reported result for U-234 was less than the
MDA and had a elevated uncertainty. This high U-234 result
also-attributed to the high-Total-U resuit.

Upon receipt of the graded report, the following steps were
taken to prove that this was an isolated incident and that ‘our
overall process is in control.

o A recount of the initially prepared sample performed
and confirmed the originally reported results.

e The sample was reanalyzed using a larger aliquot and
results that fell within the acceptance range were
achieved.

' Permanent CorrectlveIPreventlve Actlons or

Improvements

In the future when the resuit is below. the MDA and are not -
compatible with other analytical technologies, the laboratory
will attempt to use a larger sample aliquot with hopes of
achieve a result above the MDA or.with a lower uncertainty. If
the matrix and larger sample size do not prowde useable
data, the resuits may not be report.






