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Executive Summary

The Carlsbad Environmental Monitoring and Research Center (CEMRC) has measured the
levels of radiological and nemadiological constituents in samples of the WIPP exhaust air,
ambient air, sbiand drinking water collected at and in the vicinity of the D&partment of
Energ¥2(®OEWaste Isolation Pilot Plant (WIPP) during calendar yedr WIPP is a U.S. DOE
mined deep geologic repository that has been in operation since March, 189¢hd-fiost
receipt of waste in Mah 1999 through the end of 20192,446cubic meters (A of TRU waste
have been disposed of at the WIPP facility. Over its lifetime, WIPP is expected to dispose of
approximately 175,000 cubic meters of TRU waste fraougdDOE siteEhe repository is now
at about half of its planned capacity and is to be sealed in 2033. The primary radionuclides within
the disposed waste are lofiged isotopes of plutonium (maird$?Pu, with a haHlife of 24,100
years, an@*%Pu, wih a halflife of 6,560 years) and shortkved isotopes of americium and
curium, which account for more than 99% of the total TRU radioactivity disposed and/or
scheduled for disposal within the repository. After almost fifteen years of successfuleand saf
operations, the WIPP facility was suddenly shutdown in February 2014, due to an accidental
underground radiation release event and an unrelated underground fire event. Since the facility
was still undergoing a recovery process from the 2014 undergrwarahtl radiation release
events, there were no TRU waste disposal activities conducted at the WIPP facility in 2016. It is
important to note thatthe facility reopened after recovering from these two accidents in
January, 2017 and has resumed limited evdistposal operations.

Following the February 2014 underground fire and radiation release events at the WIPP,
the CEMRC has continued its efforts to conduct accelerated analyses of the WIPP underground
air samples collected from Stations A and B througB017. Rapid analyses were also
performed on ambient air samples and on other environmental samples collected from within the
vicinity of the WIPP site. The data collected were compared to similar data collected during the
monitoring phase of the WIPFiqr to the events to assess the radiological and ecological
impacts, if any, of radiation on workers and on the general public living and working near the
WIPP. Based on the analyses conducted by the CEMRC scientific staff, measured releases have
been de¢rmined to be low and localized, and no negative radiattated health effects among
local workers or the public are expected.

This report summarizes the environmental samples collected and analyzed by the CEMRC
during thecalendar year 20170 inform the public that there were no significant adverse
impacts on the environment frothe WIPP facility operations in 2Dlas determined from
extensive environmental monitoring for both radiological and ramhological constituents. In
summary, the data frorhis environmental monitoring program shows that the environment
around WIPP continues to be safe and that there are no reasons to suspect that there will be any



negative environmental impact from the February 2014 underground fire or radiation release
ewents.



CHAPTER | INTRODUCTION

This section describes an overview of the
programs. The Waste Isolation Pilot Plant (WIPP) is a radioactive waste repository owned by the
U.S. Department of Energy (DOE)Hempermanent disposal of defensdated transuranic (TRU)
wastes. Located in the Chihuahuan desert of southeastern New Mexico near Carlsbad, the facility
is designed to permanently dispose of TRU wastes that were generated from research and the
productian of nuclear weapons at various DOE sites
throughout the nation.

Environmental monitoring is a key component
in the development and operation of any nuclear
facility. Well after the facility had been sited and
constructed, but before repository operatitwegan,

... the DOE and local community leaders recognized the
®¥ value of having an independent environmental
monitoring program. With the help of the DOE, New
Mexico State University (NMSU) created the CEMRC,
which is funded annually by the DOE through a
finanaal assistance grant process that respects its independence in carrying out and reporting
the results of its environmental monitoring program at and near the WIPP site. The CEMRC
program maintains capabilities necessary for the rapid detection of rada®suicl the event of
accidental releases from the repository or from the site during waste handling and/or disposal
operations.

CHAPTER| WIPP UNDERGROUND AIR MONITORING

This section summari zes t hesultgfiorRhecedau nder gr
year 2017 The WIPP facility operates three effluent air monitoring stations known as Stations A,
B, and C respectively. Each station is equipped with at least one fixed air sampler collecting
particulates from the effluent air stream on a Versapomn filter. Station A samples the
unfiltered underground exhaust air whereas Station B
samples the underground exhaust air after HEPA
filtration and, sometimes, nefiltered air during
maintenance activities. Station C is used to sample th
exhaust fronthe Waste Handling Building (WHB) wher
air exhausted from the WHB passes through double H
filters before being vented to the environment. The ac
waste container serves as the primary confinement
barrier in the WHB; while negative building pressunc
HEPA filtration provide secondary confinement to
potential radiological contamination. The effluent studies
at Station A and Station B are a major component of the CEMRC WIPP Environmental
Monitoring (WIPHEM) program as they provide a measure ofafellof radioactivity present in
the air within the repository (Station A) as well as the level of radioactivity present in the air that
is released to the environment (Station B). In addition, if radioactive materials were to be
released from the facilit one would expect to detect it at Station A and/or Station B before it is
observed in the local population or environment. Duringcilendar year 201#he actinides




and gamma analyses were performed weekly on the composite filters collected from/Stati
and monthlyon thecomposite filters collected from the Station B

The weekly monitoring of the air filter samples collected from Station A during 201
showed frequent detections #/Am and?3°*24Pu due to residual contamination in the
undergroundacility from the 2014 radiation release event as well as ongoing cleanup efforts
within the WIPP underground. Results from Station B showedmwaobcasional detection of
these two radionuclides during Z0TThe?38Pu level has been below the detectiiomt for
Stations B throughout all of 2011t is important to note that while still detectable by the
CEMREsophisticated instrumentation, the levels detected in Station B filtexsoasdered
very low and are not expected to cause any adverse hedltimans or to the environment.

CHAPTER | AMBIENT AIR MONITORING

This section summarizes the ambient air monitoring results foateedar yea2017in
the vicinity of the WIPP site. A network of continuously operating ambient air samplers at three
locations across the WIPP siteused to determine whether the nuclear waste handling and
storage operations at the WIPP have released radionuclides into the environment. In addition,
three new sets of highrolume air samplers were installed followihg 2014 underground
radiation release event and are located at: (1) Carlsbad (behind the CEMRC facility), (2) south side
of Lovingand (3) east side of the WIPP facility near the WIPP meteorological StakcBEMRC
commencedollecting &rosol sampldgsom the Loving and
Carlsbagampling stations1 May 2015 Sampling fronthe third
station located on the east side of the W]EBmmenced Sept,
2017.As a result, ambient air samples were collected &rom
separate locations in 201representing a tal of 106 air
particulate filter samplelaving beertolected and analyzed
during 2017 These filters were collected over a period of 2 to 4
weeks depending on the levels of particulate matter that
accumulated on the filters. Except for a few positivectens of
Am and Pu in the nearby ambient air samples due to the ongoing
cleanup activities occurring within the WIPP facility, there were
no increases in radiological contaminants observed during 201
: TN that could have been attributed to the recent undergd
radlat|on release from the WIPP in the wider region. Additionally, the CEMRC has been
monitoring radionuclide concentrations in the ambient air around the WIPP facility since the
inception of the WIRPHEM program in 1996. With few exceptions, falloom atmospheric
testing of nuclear weapons has been determined to be the primary source of Pu detected in
ambient air prior to the 2014 underground radiation release event. One of the most interesting
and important findings from the prior WIFEM aerosddtudies was that®?*24®Pu in aerosols
from all stations exhibited seasonal patterns and that the p8&%®Pu activities generally occur
from March until Jungwhich is when strong and gusty winds in the area frequently give rise to
blowing dust.

CHAPTR4 | DRINKING WATER

This section summarizes public drinking water monitorsgtssfor thecalendar year
2017 Public drinking water samples are routinely sampled from six drinking water sources in the
region of the WIPP including the City of CarlsBadep Draw and Double Eagle water systems, as
well as the Hobbs, Loving, Malaga, and Otis municipal water systems. While it is unlikely that



these sampling locations would be affected by any WéRied v
radioactivity releases, the samples are collectdchnalyzed regularly
because water is a primary vector in the food claaith therefore, is
important to area constituent€onsequently t he CEMRCY
water monitoring program fulfills the following environmental
challenges: protecting human andveonmental health, assuring local &=
residents about the quality of their drinking water, and assessing th N
long-term trends and environmental impacts of the WIPP on local wdter =

supply systems. The absence of TRU radionuclides in drinking water sampmsmie\srthat
there has been no adverse impact to the population or to the environment fromrigldisel
activities.

CHAPTER | SURFACE WATER AND SEDIMENT MONITORING

This section summarizes Surface water and sediment monitoring conducted at three
reserv@s on the Pecos River, which is the major perennial freshwater system closest to the WIPP
that has extensive human usage. The three reservoirs are (1) Brantley Lake, located approximately
55 km (34 miles) northwest of the WIPP; (2) Lake Carlsbad,
locatedin Carlsbad and approximately 40 km (25 miles)
northwest of the WIPP; and (3) Red Bluff Reservoir, located
approximately 48 km (30 miles) southwest of the WABP.
expected, the isotopes of americium and plutonium were not
detected in any of the surface tea samples, while thevels
of radionuclides in sediment sampfiesn the aforementioned
three reservoirs in the region showemdetectable increases
above those typical of previously measured natural variation,
demonstrating no longerm environmentaimpacts of the
February 14 radiation release event. As for the gamma radionu€kdess detected in all
sediments and two of the surface water samplde concentrations of all other gamma
radionuclides were typically less than the minimum detextaicentrations.

CHAPTER | NONRADIOCHEMICAL ANALYSES

This section summarizes the fraiological monitoring results for the drinking and
surface water samples for tbalendar year 201Bix public drinking water samples and three
surface water saples in the region of the WIPP are routinely analyzed for inorganic constituents
that are likely to be found in the waste emplaced within
the WIPP facilityNonradiological analyses includeven
different inorganic anions and over 30 different inorganic
metals. Nofradiological data collected in 2017 are similagss
to data collected in previous yearfie only non
radiological contaminants detected were the metals
commonly found in the drinking water sdutheast New
Mexico.Contaminant level values wera,all cases, below S
the state and federal drinkingvater limits. This g i ~
information willassureghe publicthat WIPPrelated activities haveot adversely |mpactet¢i|e|r
local water




CHAPTER | LUNG ANBVHOLEBBODYN VIVO
RADIOBIOASSAY MEASUREMENTS

In addtion to the monitoring of environmental media (air, soil, and drinking water), the
CEMRC also operates a Lung and \ABots Counting facility. This facility performs lung and
whole body/n vivoradiobioassay measurements of the
internally deposited radmuclides in public volunteers as we
as radiological workers. This facility has msductingthe
Lie Down and Be CountgdBC) project, sponsored by
Department of Energy, to directly address the general co
about personal exposure to contaminasttared by residents
who live near the WIPP1 vivoradiobioassay measurements
have beemsed to establish a baseline profile of internally
deposited radionuclides in a samg@lof local residents
beforethe WIPP radioactive waste disposal phase operatig
began. The imivo radiobioassay measurementsagoing
This section presents a 1980717 review of the LWBC facilit
and LDBC project.

CHAPTER | VOLATILE ORGANIC COMPOUND

In addition to its WIPHEM independent environmental monitoring

program, theCEMRC also performs additional \AfEt&ted scientific

activities as aulcontractor to the WIPP management and operations

. contractor Nuclear Waste Partnership, LLC (NWP). One of those
contracted activities involves the analysis of air samples colldgdtesl a

= surface and from the underground WIPP facility forithentification of

various gases including hydrogen (H), methane (M), and volatile organic
compounds (VOCs). The WIPP Hazardous WasteHeaiityH\WFP,
Attachment N, issued by the New Meximvironment Department

(NMED) under the Resource Conservation and Recovery Act (RCRA),
mandates the monitoring of V@@issions from mixed waste that may

be entrained in the ambient air from the WIPP underground hazardous
waste disposal units (HWDUsassure that VOC concentrations do not exceed regulatory limits
during or after disposal. Currentlgn target VOCs are actively monitored as they represent 99%

of the risksto safety due to air emissigrany other compounds consistently detected in air

samples may be added to the list of compounds of interest. This section presents an overview of
this activity; however, no sample data are presented as the data are considered to be proprietary
to NWP and are not subject to release by the CEMBCequets for data must be forwarded to
NWP.




CHAPTER | QUALITY ASSURANCE

This section summarizes the comprehensive quality assurance programs which include
various quality control practices and methods employed to ensure e

data quality. The programs amgplemented through quality

assurance plans designed to meet requirenmerilisied bythe &
American National Standards Institute. Quality assurance plans a/
maintained for all activities and certified auditors verify o
conformance. Samples are collected aradyaed according to N
documented standard procedures. Analytical data quality is typici .
verified by a continuing program of internal laboratory quality
controlas well ageplicate sampling and analysis.
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CHAPTER

Introduction

The Waste Isolation Pilot Plant, commonly referred tine WIPP, is a deep
geologic transuranic (TRU) waste repository operated by the U.S. Department of Energy
(DOE). The purpose of the reogits to emplace defenselated TRU wastes in the
Salado Formation, a bedded salt formation approximately 655 m (2150 ft.) below the
surface of the Earth. Located near Carlsbad, New Mexico, an area with approximately
40,000 people, the WIPP facilityhs¢ wor | d%s first undergrounc
safely and permanently dispose of TRU waste generated through eelarss
activities and programs (see Figw&)1TRU waste is defined in the WIPP Land
Withdrawal Act (LWA, Public Law 1%29) as adioactive waste containing more than
100 nanocuries (3,700 becquerels Bg/g) of agrhdting TRU isotopes per gram of
waste, with haHlives greater than 20 yeaildost TRU waste consists of contaminated
industrial trash, such as rags and toatsyvellassludges from solidified liquids, glass,
metal, construction debris, and other materiale upper waste acceptance criteria are
<0.85 TBq/liter (<23 Cil/liter) of total activity, and <10 Sv/hr dose rate on contact with
unshielded waste containe&ncethe start of its operation in March 1999, more than
95,000 cubic meters of CeM/ar legacy TRU wastestheen removed from temporary
locations around the nation and shipped to WIPP for permanent dispsskdfined by
the regulatory requirements of 201e WIPP is about half full in terms of resgulatory
defined capacity.

e —————— e e Y e —

Eddy County |

Figure 11: Location of the WIPP Site
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Two types of TRU wastes are currently stored in the WIPP repository: (1) mixed
transuranic waste (MTRU), meaning there is also hazardstesoomponents present
and (2) nonmixed waste that contains only radioactive elements, mostly plutcariam
americium The TRU waste is subdivided into cofftacidled (CH) and remebandled
(RH) wastbased orthe dose equivalent rate at the surfacelud waste container.
According to the | ega-haddfeditransuthai ten
transuranic waste with a surface dose rate not greater than 200 mdirenhnour. The
term Yraemiblteed tr ans ur an iraoic wasteswitrea/surface oser s t o
rate of 200 millireeper hour or gr eat er-kbande€RUwastes s, 1
typically emits relatively little gamma radiation; therefore, it can be handled directly by
workers. Remothandled TRU waste emits higlevels of gamma (penetrating)
radiation; therefore, gamma rays represent the main radiological health hazard for
workers handling RAIRU wast&.he WIPP became operatiomaMarch 26, 1999or
the disposal of TRU wastadfirst received mixed wastlipments on September 9,
2000. The WIP#awission is to dispose of 176,000(8.2 million cubic feet) of contact
handled waste and 7,08C (250,000 cubic feet) of remoeteandled waste which is
equivalent to about 810,000 fiftfive gallon drums. Approxately 91,000 (319,000
cubic feet) of CH waste and 356 (©2,572 cubic feet) of RH wastave been disposed
of at the WIPP facility as of January 2014. At least 66,20ff tmansuranic waste siit
several DOE sites, awaiting shipmenh&NIPP. The&/IPP facilitywasclosed to waste
emplacement following an underground fire event that occurred on February 5, 2014
and an unrelated underground radiological release event that occurred nine days later on
February 14, 201ZheWIPP reopened and beganawing wast@againon April 10,
2017 More information about the fire and radiological events can be found in the
CEMRC 2014 annual report.

As shown in Figure 2, the WIPP repository layout currently has eight panels
planned, each consisting of seventeaksposal rooms approximately 300 feet (91
meters) long33 feet (10 meters) wide, and 15 feet (4.5 meters) high. Seven of the panels
have been excavated: the first six have been closed and sealed from ventilation air. Waste
disposal was in progress hretseventh panel at the time of the February 14, 2014
underground radiological event. In addition to panel eight, at least two additional waste
storage panels are being planned.

The facility also consists of common drifts for access and ventilation to the
disposal panels, four shafts connecting surface operations to underground emplacement
activities and above ground waste receipt and handling facilltresrepository is
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ventilated by drawing in a large amount of outside air, unfilteBiace the air ithe
repository exits to the surface through its exhaust shatft, this shaft is the sole potential
pathway for airborne radioactivity release from the WIPP during normal operations. The
potential for release is mitigated by theesence of HEPA (Higffficiercy Particulate Air)

filters which are located at the surface. Additionally, continuous air monitors in the underground
areasare used to control whether or not the ventilation air returning to the surface is passed
through these large HEPA filter systemis oeleased directly to the atmosphere. The filtration
system results in the removal of approximately 99.97% of radiological contamination from the
underground WIPP exhaust air prior to being released to the environment; however, the major
drawback of tis system is that it significantly reduces the amount of airflow that is drawn
through the repository at any one time. For example, prior to the February 14, 2014
underground radiological event, the amount of air moving through the WIPP underground was
approximately 460,000 cubic feet per minute (cfm).

As a result of the February 14, 20adderground radiological event and the potential for
airborne contamination to be present in the WIPP underground air, the air must be directed
through the HEPA filttion system before being released to the environntieeiteby reducing
the amount of air moving through the WIPP underground to approximately 60,000 afroudr
one seventh of the presvent level. In Apri016, a surfacemounted interim ventilation stam
(IVS) was installed and certified providing an additional 54,000 cfm of filtered air capacity to the
WIPP underground ventilation system, raising the total available underground airflow to
approximately 114,000 cfm. This increased underground vientieds desperately needed to
increase the number of personnel and dipsslered equipment operating in the underground.

_/"1” = = — .
> , Air exhaust

shaft

Air intake —

shatt Panel Status

Bl Filled
[ Active disposal

Bl Mining underway
Future mining

2150 £ VVaste entry
shaft

Salt removal
shaft

Figure 12: WIPP Layout
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In terms of exhaust air monitoring, the WIPP facility operates three effluent air
monitoring stations. Thesre known as Stations A, B, and C respectiai. station is
equipped with at least one fixed air sampleat collects particulates from the effluent air
stream on a 47mm Versapore fillRepresentative sampling is assured by system design. Under
normal operating conditions (such as those encountered prior to the February 14, 2014
underground radiological eventinfiltered air is drawn through the repository and exhausted
from the repository directly to the environment after passipthe StationA sampling port.
Therefore, during normal operating conditions, the activities measured at Station A would
represent the radiological activities present in the air within the repository and would be
reflective of the level of contamination released digetdlthe environment. However, once
contamination is detected in the underground by a continuous air monitor (such as what
occurred during the radiological event on Feb
mode» t her eby gthgquanfity of ar being) drawh threughrthe nepository and
directing this exhaust air through the bank of surfameunted HEPA filters before being
released into the environment.

The Station B fixed air sampler collects the air downstream of the batERX filters,
including the newly operational IVS, and is representative of the level of contamination
ultimately released into the environment while operating in filtration mtide important to
note that the WIPP exhaust air ventilation system has bgerating in filtration mode since the
underground event occurred on February 14, 28fiation C is used to sample the exhaust from
the Waste Handling Building (WHB) where air exhausted from the WHB passes through double
HEPA filters before being vedt® the environment. The waste container is the primary
confinement barrier in the WHB; while negative building pressure and HEPA filtration provide
secondary confinement to potential radiological contamination. The CEMRC, like the New Mexico
EnvironmenDepartment (NMED) and the WIPP contractor (NWP), has collection ports at Station
A and Station B on which it collects exhaust air samples in order to perform its independent
analyses. Prior to the February 14, 20bdlerground release event, the CEMR@atidample
Stations B or C unless there was an indication of a retitsetion by a CAM located in the
underground or in the WHB. However, since the underground radiological release event, the
CEMRC has been performing expedited sampling and ana8fsisaf A and B filters
respectively.

WIPP History

The W PP site Iis an essenti al effort in su
which is currently stored at several federal facilities around the country. The history of the WIPP
goes backlecadesvhen theNational Research Coun€bmmittee on Waste DispogEd57)
recommended bedded salt formations as the optimal geologic formation for the underground
disposal of radioactive wastalt deposits were selected as the host for the disposal of nuclea
waste for the following reasons: 1) Most deposits of salt are found in stable geological areas with
very little earthquake activity, assuring the letgm stability of a waste repositqrg) Salt
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deposits also demonstrate the absence of water that cooleé waste to the surface. If water

had been present in the past or was currently present, it would have dissolved the s3)t beds

Salt is relatively easy to mine in comparison to many other geologic formdfdfinally, rock

salt heals its own fraates because it behaves plastically under lithostatic pressure, constantly
moving to fill voids, gaps, or crackbe impetus to go forward with the project developed in

1969 1970 when a series of fires at the DOE Rocky Flats facility near Denver, Calssad@an
airborne release of plutonium. At that timee DOE agreed to stop storing plutonium wastes at
Rocky Flats and began shipping TRU wastes to the Idaho National Engineering and Environmental
Laboratory in southeastern Idaho. Idaho was promisgdhé wastes would be storéakerefor

onlyten years while the search began for a site where these wastes could be permanently
disposedTheDOE had previously evaluated a site near Lyon, Kansas, in an abandoned salt mine,
but strong political oppositiohy state officialx o mb i ne d wi nurheroustheeholds n e ¥2s
and | arge volumes of water °lost» in fracture
considered several New Mexico sites, eventually settling on the current site near Carlsbad. The
encouragement of local politicians and businesses, the depressed economic conditions in that
part of the state at the time, and a ready labor force already trained in what was needed to
construct the repository were all important factors in bringimgWIFP to this arealn 1979,

Congress authorized the construction of the WIPP facility, and the DOE constructed the facility
during the 1980s. In late 1993, the DOE created the Carlsbad Area Office (CAO), subsequently re
designated as the Carlsbad Field Offe8FO), to lead the TRU waste disposal effort. The CBFO
coordinates the TRU program throughout the DOE con@imtedarch 26, 1999, the WIPP facility
received its first waste shipment from the Los Alamos National Laboratory in Los Alamos, New
Mexico.

Envionmental Setting of the WIPP

The WIPP facility is located in Eddy County in Southeastern New Mexico, approximately
26 miles east of Carlsbad. The facility is located on a sandy plain at an elevation of 1,040 m
(3,410 ft) above sea level. Prominent natfgatures near the facility include Levingston Ridge
and Nash Draw, about 8 km (5 miles) west of the facility. Nash Draw is a shalldendog
shaped drainage course between 8.5 miles and 11 miles inanditharacterized by surface
impoundments of brinavater. Livingston Ridge is a bluff that marks the eastern edges of Nash
Draw. Other prominent features of the region include the Pecos River, located about 22 km (14
miles) west of the facility, and the Carlsbad Caverns National Park, located aboy#28 km
miles) westouthwest of the WIPP facility.

The majority of the local population within 80.5 km (50 mi) of the WIPP site is
concentrated in and around the communities of Carlsbad, Hobbs, Eunice, Loving, Jal, Lovington,
and Artesia, New Mexico. Accogiio 2010 census data, the estimated population within this
radius is 88,952. The nearest community is the village of Loving (estimated population ~2000), 29
km (18 mi) wessouthwest of the WIPP site. The nearest major populated area is Carlsbad, 42 km
(26 mi) west of the WIPP site. The 2010 census reported the population of Carlsbad as 26,138.
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The transient population within 10 miles of WIPP is associated with ranching, oil and gas
exploration/production, and potash mining. Three ranchers (Mills, 8ndtMobley) have
properiesin the vicinity of the WIPP facility. The Mills ranch headquarters is located 5.6 km (3.5
miles) soutkhsouthwest of the facility center, the Smith headquarters is 8.8 km (5.5 miles) west
northwest of the facility, and the Moblegnch is 9.6 km (6 miles) southwest of the facility.

The climate in the region of the facility is seanid with an average annual precipitation
of 280 to 300 mm (11 to 13 inches) with much of the precipitation falling during intense
thunderstorms in thepring and summer seasons. Winds are generally from the southeast with
an average speed of 14 km/hour (8.8 miles/hour).

Although there are no dairies near the WIPP facility, a large amount of alfalfa is grown in
the Pecos Valley between Roswell and Makea,Mexico. The alfalfa crop is used in cattle
feeding operations mainly in New Mexico and Texas. In addition to alfalfa, cotton and pecans are
the other major crops grown in the Pecos Valley region.

Background Radiation

There are several sources ounally occurring radiation including cosmic and
cosmogenic radiation (from outer space and the earth's atmosphere), terrestrial radiation (from
the earth's crust), and internal radiation (naturally occurring radioactive material in our bodies,
such as potssium or%). The most common sources of terrestrial radiation are uranium, and
thorium, and their associated decay products. Radon gas, a decay product of uranium, is a widely
known naturally occurring terrestrial radionuclide. Another source of taalastdiation is'K.
While not a major radiation source, the presenc¥kofn the southeastern New Mexico
environment may be due to the deposition of tailings from local potash mining. In addition to
natural radioactivity, small amounts of radioactifityn aboveground nuclear weapons tests
that occurred from 1945 through 1980, and the 1986 Chernobyl and 2011 Fukushima nuclear
accidents are also present in the environment. Together, these sources of radiation are called
"background" radiation (Figure3).

Naturally occurring radiation in the environment can deliver both internal and external
doses to humans. An internal dose is received as a result of the intake of radionuclides through
ingestion (consuming food or drink containing radionuclides)raraladtion (breathing
radioactive particulates). An external dose can occur from immersion in contaminateatiair or
deposition of contaminants on surfac€be worldwide average natural dose to humans is about
2.4 millisievert (mSv) per year, which ig fimes more than the worldwide average artificial
radiation exposuréite specific background gamma measurements on the surface, conducted by
Sandia National Laboratories (SNL), showed an average dose rate of 7.65 syierdreun
(Minnema and Brewet983), which would equate to the background gamma radiation dose of
0.67 millisieverts (mSv or 67.0 mrem) per year. A comprehensive radiological baseline study
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conducted beforéghe WIPP facility disposal operations began was also documereégi/stica/
Summary of the Radiological Baseline for the Waste Isolation PilotiBRAalNI1RB2-037),
which provides the basis for environmental background comparisonrefdéiPP facility
disposal operations commenced.

Sources of Radiation Exposure in the U.S.

Cosmic (Space) - 5%
Terrestrial (Soil) - 3%
Internal - 5%

Radon and
Thoron - 37% Industrial and

Occupational - .1%

Nuclear Medicine
12%

Manmade Sources - 50%
~310 millirem (0.31 rem)

Natural Sources - 50%
~310 millirem (0.31 rem)

Scurce: NCRP Report No. 160 (2009)
Full report is available on teh NCRP website at www NCRPpublications.org.

Figure 13: Source of Radiation Exposure

Radiological Environment around WIPP

The radiological environment near the WIPP site includes natural radioactivity, global
fallout from nuclear weapons tesasd,potentially, a local source of anthropogenic (rmade)
radioactive contaminatioremainingin the area from Project Gnome, an underground nuclear
test conducted by the U.S. Atomic Energy Commigsid61, the surface area of the Gnome
site was contaminated with fission radionuclidé®n an underground test of a 3kdoton 23%Pu
device verad radioactive materials to the surface (USAEC, 1973). The Gnome project was part of
the Plowshare Program intended to demonstrate the peaceful use of atomic energy. The Gnome
site is located approximately 8.8 km (5.5 miles) southwest of the WIPP site.

Qeanup efforts at this site have been carried out in several campaigns since that time
and the surface contamination is now well below the iaked action levels. However, despite
these cleanup effort$3’Cs and plutonium have been detected by the CEM&iEne samples of
surface soils collected at the Gnome site. Whilérémsport of these contaminants from the
Gnome site to the WIPP remains a possibility during high wind seasansagd Arimoto,

2010) a review of more than fifteen years of momitm data and the activity levels detected, as
well as their atomic ratiomeasurements, suggest thatpeteaseevent plutonium and

americium in aerosol and soil samples collected near the WIPP facility mainly represent
redistributed global fallout froman-Gnome related incidents.
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Independent Environmental Monitoring ProgramAn Overview

The success of any nuclear facility is strongly tied to the degree of public acceptance and
understanding that is established. The Wiemphkfieswhere public engagesnt has constantly
been provided at a high level. From the standpoint of addressing the operational and
environmental risks, as well as allaying public concerns, the WIPP has endured extensive human
health and environmental monitoring activities. In additio the regulatory compliance
monitoring required by the repository licensee, and conducted by the State of New Mexico and
previous entities, the local community demanded the implementation of a sophisticated
environmental monitoring program carried dayt an independent academic institution that
would emphasize a scienbased program, rather than one focused on compliance.

Many factors contributed to the success of this project during its first almost 15 years of
operations. An important factor is thacal acceptance engendered by an independent
environmental monitoring program in the vicinity of the WIPP that began before and continues
still now thatthe WIPRs receivinqiuclear waste. This independent monitoring is being
conducted by the Carlsbadviionmental Monitoring and Research Center (CEMRC), which is
associated with the New Mexico State University system. The CEMRC is funded by the DOE
through a financial assistance grant process that respects its independence in carrying out and
reporting the results of environmental monitoring activities conducted at and near the WIPP site.
Unlike most environmental programs which only monitor down to compliance or action levels,
the mission of the CEMRC is to monitor to below background les¢the pubti needs to know
what is truly happening in the environment and what effetie WIPP operations may have on
their lives and healttAs a result, some approaches the CEMRC has undertaken to accomplish this
mission includes increasing counting times on adpithgamma spectroscopy systems in order to
routinely achieve the lower detection limits for alpha and gareméting radionuclides or by
adopting a 12detector array fovn vivobioassay in order to observe the 17.1 keV spegctrum
thereby indicating the @sence of Pu in the lunhe CEMRC has been conducting independent
health and environmental monitoring in the vicinity of WIPP since 1995 and has made the results
easily accessible to all interested parties. Public access to the monitoring data aatallitlyetio
directly participate in CEMRC¥%»s whole body co
transparency for the public.

Radionuclides present in the environment, whether naturally occurring or anthropogenic
(humanmade), may contribute t@diation doses to humans. Therefore, environmental
monitoring around nuclear facilities is imperative to characterize radiological baseline conditions,
to identify any releases, and to determine their effects, should they occur. The purpose of the
CEMRC WREM radiological environmental monitoring program is to measure radionuclides in
the ambient environmental media. These data allow for a comparison of sampletdata to
results from previous years and historical baseline deta;miningwhat impact, fiany, the
WIPP is having on the surrounding environment. Radiological monitoring at the WIPP site
includes sampling and analysis of air (both WIPP underground exhaust and ambient air), drinking
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water, surface water, sediment and soil. Addition&léysope of the CEMRC WIPP

environmental monitoring activities is broad and inclutiesadiological screening of local

citizens (wholébody counting for the public) as well as routine sampling of water (including

both drinking water and surface waters),,s0ild sediment for hazardous noadiological
constituents. Routine reporting is done annually and published on the CEMRC website
(www.cemrc.org Nonroutine results, if they occur, are reported as they are found rafesw

and interpretationOne of the CEMRC¥%s core competencies i
contaminant levels, even those below the regulatory requirements, as soon as possible and to
disseminate this information to the public in a timely anderstandable natur&he CEMRC
program has capabilities to detect radionuclides rapidly in case of accidental releases from the
repository or other portions of the facility during waste handling/waste emplacement operations.

The CEMRCY%s e rnoringraivitiesegeneraly fallmmto thiee categories:
collecting environmental samples and analyzing them for a variety of contaminants, evaluating
whether WIPRelated activities cause any environmental impacts, and taking corrective action
when an advese effect on the environment is identified. Therent CEMRC operational
environmental sampling and analytical plan is detailed in previous CEMRC annual reports. The
four major elements of the program include WIPP exhaust air, ambient air, drinkinganater
human monitoring. For these four elemental areas, sample collection and analysae
frequent whereas the sampling and analyses frequencies for other environmental media such as
soil, sedimentind surface water are generally acquired and aedlgnce every two years on an
alternating basis.

For ambient air analyses, the CEMRC operates four ambient air samplers in and around
the WIPP site and two ambient air samplers in the two closest municipalities nearest the WIPP
facility (the Village ofdving and the City of Carlsbad). The fourth hrglume sampling station
located on the east side of the WIPP faciitss deploye@nd became operational on
9/15/2017 therefore, aerosol sampling at this sampling station had not biegthre cutoff time
for annual data sampling for this documemhe ambient air monitoring sites nearest the WIPP
facility are located in the most prevalent wind directions from the facility, whereas the ambient
air monitoring sites in Loving and Carlsbad are located agé&/tf Loving owned property and
at the CEMRC facility primarily as a matter of convenience and cost. The primary purpose of
ambient air monitoring is to obtain baseline data ande¢termine whether the nuclear waste
handling and storage operations at MW4PP have released radionuclides into the environment
around the WIPP or its two closest municipalities.

Public drinking water samples are sampled annually from six drinking water sources in the
region of the WIPP. These sampling locations are nottbkdedyaffected by any WIPP
radioactivity releases; however, because water is a primary vector in the food chain, the samples
are collected and analyzeegularly As with community air sampling, the absence of WIPP
radionuclides in drinking water samppeevides additional public assurance associated with the
WIPP and WIPRelated activities.
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Introduction

As mentioned previously, WIPP exhaust air is the most likely pathway for accidental
radioactivity releases from the WIPP. Accident release scenarios are posttitetdtilPP Safety
Analysis Report (USDOE WIPP 1997a). If an underground operations accident were to occur, air
samples would be collected from Stations A and B which represent the final release points of the
underground repository exhaust ventilation syst€onsequently, the CEMRC collects filters
from Station A and B each day and then performs a gross alpha/beta screening process on the
individual filters for the presence of radioactive contamination. This daily sampling process allows
for a careful studyf the variability of radioactivity backgrounttendsand actual releases
Following the gross alpha/beta screening process, the CEMRC then performs the more sensitive
radiochemical analyses on the composited weekly and/or monthly filters to ideetifycsp
radioactive isotopes.

Alternating on a biennial scheduboil, sedimenand surface water samples are also
collected and analyzed to verify radionuclides concentrations and to establish the variability of
background radioactivitglong with actuareleasesAdditionally soil samples were previously
collected from selected areas and control locations outside of the WIPP land withdrawal area,
such as the Gnome site, and were analyzed for the presence of radionuclides thereby creating the
ability to identify localized surface contamination from R@/IPP related activities. The results
of the Gnome study are presented in the 2005/2006 CEMRC Annual Report.

Since the inception of the CEMRC WIPP environmental monitoring program, the CEMRC
has been moniting the concentration of plutonium (Pu) and americium (Anthe area around
the WIPP site for many years, as isotopes of these elements are the major radioactive
constituents likely to be found in the TRU waAtiditionally, uranium isotope®{U, 233U,234)),
prominent alphaemitting radionuclides in the natural environment, and cesigf@g), a
potentially important beta and gamr®mitting constituent of the TRU waste disposed at WIPP,
have also been the subject of background studies conductee IGEMRC at WIPP prior to 1999
and continue to be monitored. Cob&iCQo) and other gammamitters, though not major
constituents of the TRU waste, are also monitored. Lastly, pota$&iyra latural gamraa
emitting radionuclide, which is ubiquitousimeé ear t h%s crust, i s also n
possible enhancement in southeastern New Mexico due to the abundance of potash mining in
the area.

In addition to the monitoring of environmental media (air, soil, drinking water, and
surface water/sedim8nn the vicinity of the WIPP site, the CEMRC also performs routine
monitoring of adult residents living within a 1:00ile radius of the WIPP facility for the presence
of gammaemitting radioisotopes through itlse Down and Be CountdBC) program. The
LDBC project serves as a component of the-\&MNPBrogram that directly addresses the general
concern about personal exposure to contaminants shared by residents who live near DOE sites. As
in other aspects of the WIFEM programj/? vivobioassay testingzas used to establish a
baseline profile of internallgeposited radionuclides in a sample of local residents before
disposal phase operations began, and has contthumaghthe disposal phasand intoto the
present. The sampling design includes theitation of adult volunteers from all segments of
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the community, with sample sizes sufficient to meet or exceed a 15% rathganargin of

error for comparisons between major population ethnicity and gender categories as identified in
the 1990 U.S. cens. Radiobioassays of the original volunteer cohort have been ongoing since

July 1999. New volunteers continue to be recruited each year to establish new study cohorts and
to replace volunteer attrition. While the passage of time and the overall sottes3VIPP have
historically made it difficult to attract new volunteers to the LDBC program, the February 14,

2014 event provided renewed interest on behalf of resident volunteers. Results of the LDBC,

both historicallyandthrough December 30, 2@lare reported herein. Also, as a result of the

February 14, 2014 radiation release event, the age for public volunteers was reduced from 18
years of age to 13 years of age to accommodate requests by the DOE and interested constituents.

The Recovery from th2014 Fire and Radiological Release Events at the
Waste Isolation Pilot Plant

After months of investigations into the cause of the underground truck fire and the
underground radiological release event, the U.S. Department of Energy released a recovery plan
at the end of September, 2014 (WHREcovery Plan, Sept, 2014) that outlines the steps
necessary to clean up and resume limited waste emplacement operations by early 2017. As seen
in Figure 14, decontamination of work areas is a key element of the WiRRdRg Plan as a
portion of the underground area was heavily contaminated by the February 14, 2014
underground radiation release event. Other parts of the recovery plan include: (1) continued
HEPA filtration of underground exhaust air through an expantdedm ventilation system
(IVS)(2) expedited closure of Panel 6, where a few hundred suspect wastadrasssimed to
contain the same type of nitrate sdiearing waste that led to the underground radiological
release event are locateahd (3) expetkd closure of Room 7 in Panel 7, the location of the
ruptured waste drum where the February 14, 20hderground radiation release event
occurred. During 2016, several notable recoevegted activities were completed at the WIPP
facility. The interimentilation system (IVS) was installed ambigin operation. Similarly,
progress has been made on the supplemental ventilation syetecombined WIPP exhaust
circuit with the interim and supplemental ventilation systems (SVS) will provide a totabDof 5
m3 per minute (180,000 cfm) of airflow in the underground, a sufficient ventilation flow needed
to support limited waste emplacement operations and to resume underground mining activities.
Airflow from the IVS and WIPP exhaust air will continue tpassed through HEPA filters prior
to discharge; whereas airflow from the SVS wi
through the WIPP Salt Shaft. A new permanent ventilation system (PVS, replacement to the
current ventilation system) is beidgsigned to enablie WIPP2gnderground operations to
return to full operation, unrestricted by ventilation rates. Although estimates vary, the new
permanent ventilation system is expected to generate flow rates up to 15300 {540,000
cfm). Howewg this new permanent ventilation system is estimated to cost several hundred
million dollars and is not anticipated to be completed until 2021.
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The 2014 underground radiological rel ease
nuclear facility to one thatimultaneously operates in contaminated and uncontaminated areas
for the foreseeable future. As a result of the underground radiological release event, portions of
the WIPP undergroundprimarily those portions along the ventilation path from the locagbn
the incident to the top of the exhaust shaft continue to exhibit varying levels of contamination.
Recovery activities involving decontamination of selected undergroundiacha$ing the
pathway from the Waste Hoist to the entrance of Panel 7 aradedls south of-252Q were
completed by September 204&rvedo reduce the level of restrictions for certain areas and
lowered the personnel protective equipment (PPE) required in a significant portion of the
underground. It is important to note that ast majority of the underground was not affected by
the radiological event. Additionally, radiological decontamination activities are not expected to
be performed in technically challenging areas such as the exhaust shaft (655 vertical meters). As
waste erplacement operations resumed in the WIPP underground in early 2017, there are now
both clean and contaminated areas present within the WIPP disposal area.
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Figure 14: Radiological Contamination Maptbé WIPP Underground
(Source: Department of Ener@arisbad Field Office

In response to the February 14, 2Qirfberground radiological release event, the CEMRC
has continued its efforts to conduct accelerated analyses of the underground filters collected
from Stations A and B, surface ambient air samplas$ other environmental samples collected
in the vicinity of the WIPP site. This report summarizes the samples collected and analyzed during
the calendar year 2013nd presents an evaluation of approximately three years of

environmental monitoring datdnat informed the public pertaining to the levels of radiation
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Introduction

that escapedhto the environment from the WIPP underground during the February 14, 2014
underground radiation release event. As reported in the 2014 annual report, the ongoing data
fromthisyear s moni toring activities suggest that
event resulted in the release of very low amounts of contaminants from the WIPP underground
and confirms that the escaped contaminants did not harm anyone nor did thegrpoleag

term consequence to the environment.
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CHAPTER
WIPP Underground Air Monitoring

The WIPP repository is ventilated by drawing ambient air down three widely spaced access
shafts (air intake shaft, salt shaft, and waste handling shaft) to the gnoderd and exhausting
it out a single fourth shaft (exhaust shaft). Sampling the exhaust shaft air, at a point named
Station A, allows an evaluation of the frequency and amount of any radioactivity released from
or through the repositoryThe effluent stuigs at Station A are a major component of the WIPP
Environmental Monitoring (WIFEM) program.&npling operations at Station A provide a way
to monitor for releases of radionuclides and other substances in the exhaust air from the WIPP.
In addition, if ralioactive materials were to be released from the facility, detection at Station A
would precede observation in the local population or environment.

Station A is an above ground sampling platform that collects particulates from unfiltered
air exhaustedrbm the repository and funnels air either directly to the environment or into a
high-efficiency particulate air (HEPA) filter bank (Figufig.2A second sampling station referred
to as $ation B samples the underground exhaust air after HEPA filtratihrsametimes, nen
filtered air during maintenaneeelated activitiesKigure 22). While in filtration mode, Station B
becomes a podtltration sampler analyzed by the CEMRC and other entities such as the New
Mexico Environment Department (NMED) and tHePVEnvironmental Services group (WIPP
Labs). When not in filtration mode Station B is not sampling WIPP exhaust air, hence the CEMRC
only performs analyses on Station B filters when the system is operating in filtration mode. An
Overview of the WIPP vdation system and normal underground airflswlepicted in Figure-2
3.

Overview of CEMRCY.s Stati on A Monito

As mentioned previously, the aerosol studies at Station A are a major component of
CEMRC%s WI PP envi r on meation A is useddon exhaost air cogplidhceo g r a m
monitoring purposes and the aerosol sampling systems deployed there were designedao collect
50 % of the 10 um diameter aerosols under the expected range of exhaust air velocities. CEMRC
commenced sampling oféAVIPP exhaust air on Decemtizrl998. Aerosols samples are
collected from within the Exhaust shaft using a cylindrical shrouded probe commonly referred to
as a fixed air sampler or FAS. The airflow through the FAS is approximately 170 liters per minute
(~6 cfm) flow rate.

There are three shroudgdobe aerosol samplers located at Station A along with three
separate sampling skjdienotedasAl, A2, and A3 (Figured). The airstream sampled by each
skid is split among three legs such that three coeotl samples can be collected from each skid.
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WIPP Underground Air Monitoring

On January 15, 2000, the CEMRC sampling operations were moved from the original sampling
point at Skid A2 (west skid) leg 1 to Skid Al (east skid) leg 2 to facilitate more direct data
comparisons among the & organizations sampling the effluent air. Since that time all groups,
CEMRC along withe WIPP Labs and the Environmental Evaluation Group-(BE®syeplaced

by the NMED, have sampled from the samdefi(CEMRC was assigned leg 2 on all sampling
skids) In April 2001, primary sampling operations were transferred from Skid Al to Skid A3
(south skid) to reduce problems associated with vgapagénto the exhaust shafigure 24.

During normal sampling activities, the FAS sample filters argathalaily except during
holidays, when a filter may run for multiple days. The aerosol sampling operations at Station A
have at times been hampered by filter clogging, and during one interval (January 24, 2000 to
November 28, 2001), CEMRC and the othanagtions changed filters twice daily Monday
through Friday. Daily sampling resumed when mass concentrations decreased and flow rates
improved. Occasionally, however, more than one sample per day is still collected when the flow
rate on any of the samplézgs drops below 0.06°+-1.8 cfm). If this occurs, a leflow alarm
on the sampler is activated and the filters are changed as needed by WIPP radiological control
technicians.

Quarterly composites were initially used for the determination of actickilgtees, but
monthly compositing was implemented by the CEMRC in July 2004 for better comparison with
other groups who use monthly composites. These monthly composites are used for the
determination of gammamitting radionuclides as well. Only one ladlthe composite same
arenormally used for the determination of the actinide activitfidge other half of the samples
areused for the measurement of the gameaitting radionuclides. Aftehe gamma
measurement, the samgiquot is archived. Formme time following the radiation release event,
filters at station A were changed every 8 hours and measurements were performed on each filter
(and later on daily combined filtgigy CEMRC, depending on the levels of contamination found.
As airborne conceérations receded, the frequency of filter coliectat station A was reduced to
daily, but actinide measuremenisre performed continuoustn weekly composite samples.

The sensitivity of the monitoring program at Station A was dramatically demonstrated
January 2001 when CEMRC found elevated gross beta radioactivity in the FAS sample filters.
Further investigations eventually traced the source of the beta emitter(s) to the discharge of a
fire extinguisher underground, but the incident was more notaébéause it demonstrated for
the first time the ability of the monitoring system to detect a nuitine event. A second
incident occurred when scientists from CEMRC reported that they had detected a small quantity
of Pu in a composite aerosol sample ftbmsecond calendar quarter of 2003. This discovery
was later corroborated by botheEEG ( Envi r onment al Evaluati on
monitoring organization, WIPP Labs, through the analyses of samples that were independently
collected and analyzechd detection of plutonium in the exhaust air led to the issuance of a
CEMRC report to the U.S. Department of Energy and a briefing presented to the New Mexico
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WIPP Underground Air Monitoring

Environment Department. The activity was extremely low and well wighinstoric

background, bt indicated the ability of the monitoring program to detect radionuclides of
interest at any level above the MDC. In 2008, 2009, and 2010, CEMRC again detected small
guantitesof plutonium in composite aerosol samples similar to the 2003 detection, also
corroborated by WIPP Labs. Such small occasional detections are to be expected libeause of
global distribution of plutonium in the environmefurthermorethe 2003, 2008, 2009 and

2010 positive detections provide a baseline for future events.

SampleCollection

As was mentioned previously, unfiltered exhaust air from the underground repository is
sampled astation A The daily Station A air samples are collected on 47 mm diameter membrane
filters (Versap® membrane filter, PALL Corporation, pore 3jam) with the use of a shrouded
probe, commonly referred to as a fixed air sampler or FAS. As shown in FHgares25, each
probe has a transfer line running to each of three sampling legs; thus a total of three concurrent
samples can be collectt!]dm each FAS, one each for the CEMRC, the site contractor, W|PP Labs
and the NMED. A previous test of the probes confirmed that this configuration allows for the
collection of representative air samples (Gross et al., 20ddgr normal (naotfiltration)
operating conditions,aeh day approximately 812,875 f8) of air is filtered through each of
the Versapor filters at Station A. Typically, a CEMRC Field Program techniciasaoifgdetsat
Station A daily; however, as mentioned above, occasiomaig/than one sample per day is
collected if the flow rate on any of the sampler legs drops below (.06 m
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Prior to the February 14, 2014hderground radiation release event at the WIPP, weekly
filter samples were typically collected by the CEMRC at station B where approximately 583 m
(20,603 f8) of air is filtered through each of the Versapor filters each vilge®VIPP exhaust air
samples were combined monthly for Station A for analysis by CEMRC and WIPP Labs, and
guarterly for Station B for analysis by WIPP Liatasssome time followg the February 2014
underground radiation release event, filters at station A and B were changed every 8 hours and
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measurements were performed on each individual filter initiallyeahtuallywere performed

daily on combined filters by the CEMRC ddp® on the levels of contamination found. As
airborne concentrations receded, the frequency of filter cadleett station A and station B

were reduced to daily; however, actinide measurements continued to be performedweekly
composite samples fronta8on A and monthlyon composite samplesoim Station B during

2017. Since the repository continues to operate in filtration mode, CEMRC technicians continue
to collect and analyze Station B samples daily.

Sample Preparation and Analysis

Gross Alpha ad Beta Analysis

Once the samples are collected from the site and returned to the laboratory, individual
filters are desiccated for a minimum of 48 hourgt@aranteghat any moisture on the filters is
evaporated and to ensure complete decay of the imateedaughter products ¢¢Rn and
220Rn. Once dried, the filters are then weighed to determine mass loading concentrations.
Following the desiccating and weighing process, the Station A and B filters are counted for gross
alpha and beta activities on ad®ean MPC 9604 low background gas proportional counter for
1200 minutes.

In preparation for gross alpha/beta counting, the filter is centered on a stainless steel
planchet. The standard planchets for the alpha and beta were prepared from certifiedssolution
of 23%9Pu and?°SrPOY obtained from Analytics, Inc. (Atlanta, GA, USA). Immediately following the
February 14, 2014nderground radiation release event, the planchet was counted on a low
background gas proportional counter for 3800 minutesLater, asirborne concentrations
continued to recede, beginning July 2014, filters from Stations A and B were counted for 1200
minutes.The sample detectors are gas flow window type counters with arthiltiravindow. The
counting gass R10, which is a mixturef®0% argon and 10% methane. The operating voltage
on the detectoiis 1,450V. All samples flow at a pressure slightly exceeding atmospheric. The
window consists of 86g/cm Mylar foil with a tint of evaporated Au. The small size of the
detector and the gua ensure a very low background in this system, ~0.5 and ~0.04 counts per
minute for beta and alpheespectively (see Figured @nd 92). Daily performance checks are
done using calibration sourcé¥Pu for alpha and®SrPoY for beta, for efficiencyantrol
charting (3 warning and 8 limits) andto ensurethat alpha/beta crossalk are within limits ©
0% Uinto beta and00.1% beta into alpha). Sixtpinute background counts are also recorded
daily (count must be within the mean backgrotirdd) by counting an empty planchet. The-self
absorption curve was obtained individually for alpha and beta adifasall sample counts. The
mean counting efficiencies for the systems are found to be around 25% for alpha and 38% for
beta (see Figures®and 94).

Sample Preparation for Radiochemical Analysis
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After gross alpha/beta measurements, individuatsiltollected over a period of one
week are combined into weekly composites. The weekly composite samples are used for the
determination of actinide activities. Gamma analysis is performed concurrently on the same
weekly composite. Only one halfegich conpositesample is used for the determination of the
actinide activities. The remaining aliquot is archived.

Filter samples for radiochemical analysis are prepared by wet digestion witiHHENO
and perchloric acid until the filter is totally dissolv&tis mixture is heated to dryness and then
re-dissolved ir20 mL of 1 M HCGenerally, half of the sample is used for the determination of
the actinide activities anahile theother halfis for the gamma analysis. The actinides are
concentrated in an imo hydroxide precipitate d&(OH) After decantation and centrifugation,
the precipitate is dissolved in &l of conentratedHNQ and diluted to 20nLto make the
solution 8 M in HN® The oxidation state of plutonium as Pu(IV) was adjusted by adalibgfl
1 M NHI with a 10 min wait step, followed byr2Lof 2 M NaN@ Plutonium is separated from
americium and uranium using an anion exchange column. The fraction containing americium and
uranium is separated using a TRU extraction chromatography col@h HN®@as described
in previous CEMRC repottsd://www.cemrc.org/repoyt The individual actinides are then micro
co-precipitated with a Nd-carrier and counted using alpha spectrometry. The samples are
counted forfive days for alpha and 48 hours for gamma radionuckdes per CEMRC¥%s st
counting protocolA simplified scheme of the radiochemical separation process is shown in
Figure 26.

Data Reporting

The activities of the actinides and gammadionuclides in the WIPP underground air
samples are reported in the following two wagestivity concentration imBq/nt and Specific
Activity(Bqlg).Activity concentratiofis calculated as the activity of radionuclides detected in
Becquerel (Bq) dividéy the volume of air in cubic meters3{nSpecific Activitys calculated as
the activity of radionuclides detected in Becquerel (Bq) divided by the aerosol mass collected on
the filter in gram ().
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Figure 26: Flow Diagram Showing the AnalysiStidtions A and B Filters

Results and Discussion

Gross Alpha and Beteoncentrations in the WIPP underground Air (Station A, Pre
HEPA Filter)

The daily gross alpha and gross beta concentrations in the unfiltered underground air (air
exhaust before thelEPA filtration or Station A) are shown in Figur@sahd 28. The gross
alpha and beta activities appear to have gone back to theghease levels in 2042017. A
small sporadic increase in gross alpha concentrations, shéigure 27, was attribuable to
the disturbance of entrained materials allowing them to be transported in the WIPP underground
air due to ongoing investigative and cleap efforts by underground personnel.
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The pre and postrelease gross alpha and gross beta concentrations in the Sation
filters are shown in Figures®and 210 for trend analysis purposes. Ther® data for the
period between February and June 2014. This is because gross alpha and beta screening was not
performed immediately following the February 14, 20hdergraind radiation release event;
instead, an emergency actinide separation campaign was carried out on individual or daily filters
collected from Station A and Station B. Howeasrradiation levels receded, the gross alpha and
beta analysis resumed beginning/arch 2014 for the Station A filters and y@i014 for the
Station B filters.

Prior to the February 14 radiological event, the gperational baseline dateere
compared with the operational data to assess the integrity of the WIPP project. S&halgina
and beta activity in air filters prior tthe arrival of waste athe WIPP were used as a baseline
concentration. The bulk of the activity in those sampia®results from naturally occurring
radioactive materials, specifically radon daughiére.baseline concentrations of gross alpha
and gross beta activities were 143 Bg/n? and 4.9@& 03 Bg/n?, respectively. These data are
then compared against disposal phase data to assess the radiological and ecological effects of
radiation on workersral the general public that live and work around the WIPP. The minimum
detectable activity concentrations agakecific activityfor the gross alpha emitters atel x10-7
Bg/n? and® 0.7 Bg/g, respectively, while for gross beta emitters the correspontlingara® 2
x10-7 Bg/n¥ and® 1.7 Bg/g. The reported gross alpha and beta activities are normalized by
dividing the measured activities by the mass loadings on the sample filters or by the volume of
air sampled. Therefore trends in #ecificactivity could either be due to changes in the
amount of radioactivity in the sample or the aerosol mass in the samples as the volume of air
sampled, which is not shown, has changed little during the course of the program and therefore,
should have little or no eftd on the activity concentrations.
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WIPP Underground Air Monitoring

Thegross betaoncentratbon measured in filter samples collected from Statidor Ahe
period 19982017 is shown ifFigure 210). The two samples with elevated gross beta activity
concentrations ca. 0.058 Bd/observed in early 2001 (Figurd @) are because of
contamination reeased from an underground fire extinguisher. Felipwneasurements verified
that the fire retardant containing®K was the cause of the elevated results and that WIPP waste
had not been released.

A time series plot of the gross alpha and gross dydafic activity (Bg/g) are shown in
Figures 211 and 212. The current levels are within the range of our normal background for this
particular Station. Since no gravimetric data was collected from the Station A filters following
the radiation release evemnto data are available for the period between February and July 2014.
The CEMRC resumed collecting gravimetric data beginmugust 2014.
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Figure 211: Gross Alph&pecificActivity Measured in Station A Filters
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Figure 212: Gross Betapeific Activity Measured in Station A Filters

Acti nide Concentrations 1 n the

Air (Pre HEPA, Station A) in 2017

The time series of the activity concentrations of transuranic radionu&ifd&$u and
241Am measured at Stan A (Pre HEPA filtration) since the February 2014 underground
radiation release event are shown in Figud82As anticipatedthe values detected at Station A
immediately after the underground radiation release event were considerably higher $&n tho
historically measured for this Station. The maximum air concentrations of americium and
plutonium detected at Station A were 4337 Byfar 24’Am, 672 Bq/mfor 239+24Py and 30.3
Bqg/n® for 238Pu. These results were measured on February 15, 20h& nByrhing of February
21, 2014, these levels had dropped to about 0.658qf*?Am and 0.06 Bq/frfor 239+24Py, |t
is important to note that these high activity values are reflective of what was detected in the
unfiltered underground air prior to guoy through HEPA filtration systems and do not represent
the activity levels that ultimately escaped to the environment.

As the levels dPAm and?3°*24Pu in the WIPP exhaust air prior to HEPA filtration
continued to decrease, as measured by the 8tatisampling skid, a weekly composite filter
sample has been used for the determination of actinides since April 22fr@dilthe Station A
location. The weekly composite filter sample results from Station A are summarized inTables 2
through 2 3. As an be seen, trace amounts?6fAm and?39+24Py continue to be measurable
above MDC (minimum detectable concentration) in these filters; however, current levels are very
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low and are noknown to be associated witny adverse health or environmental cojusnces.
The weekly activity concentrations26fAm,23°+24PPy and23%u measurely filter samples
collected from Station A since April 20d# shown in Figure-24. Although the values
measured were above the pedease background levels, it is imt@ot to note that the levels
detected were very low and well below any level of public health or environmental concern.
There is n&nownrisk to anyone from contamination levels this low. Additionally, it is relevant
to emphasize that the levels reporiedre only detectable because of the ulsensitivity of
modern radiation monitoring equipment atigk radiochemical analyses methods performed.

Thespecificactivity data immediately following the radiation release event were not
available as filtersotlected during that period were not weighed. However, the aerosol mass
data collected since July 2014 showed thatgpecificactivity remained fairly consistent
through December 201 Thez3?*+24Puspecificactivity (activity per unit mass aerosol colél)
at Station A was in the range of 0:8622 Bg/g, while that 6*!Am was in the range of 1.04
77.1 Bg/g. The weeldpecificactivity of 241Am,239+24Py and238Pu at Station A are shown in
Figure 215 and the individual values are listed in Tabldghrough 26.
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Figure 213: Times Series &fl/Am and?39+24Pu Concentrations in Station A (R4&PA)
filters for the Period 2012017
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Gross Alpha and Beteoncentrations in the WIPP
underground Air (Station B, PostHEPA Filter)

In order to determine the amotiand type of radionuclides that were ultimately released
into the environment, an analysis of Station B filters was performed as these filters sampled the
underground exhaust air after HEPA filtratidhe daily gross alpha and gross beta
concentrationsn the WIPP underground air after HEPA filtration (Staticar®¥$hown in Figure
2-16. It is important to note that the CEMRC has been performing gross alpha and gross beta
analyses on Station B filters since July 2014. Filter samples collected prip2@ld were not
counted for gross alpha and gross beta and instead, an emergency actinide separation campaign
was carried out othe individual or daily filters collected from Station B in order to provide
isotopic results to interested parties as quield possible. The poperational gross alpha and
gross beta concentration values measured at Station A were used as a baseline concentration for
the filter samples collected from Station B as the CEMRC had not routinely conducted gross
alpha/beta analyseon Station B filters prior to the February 14, 2@d#lerground radiation
release event. As would be expected, the Station B analyses showed much lower levels of activity
as compared to those of Station A.

A spike in gross alpha activity during thedhwveek of October 2014 is attributed to the
restart of the 860A fan on October 21, 2014. The 860A fan was initially started on February 14,
2014, when continuous air monitors (CAM) in the WIPP underground facility detected elevated
levels of radioactiveontamination and shifted the underground ventilation system into
filtration mode, forcing all air exiting the facility through the HEPA filtration system. Naturally,
due to remaining contamination in the exhaust drift of the repository, the WIPP undeggrou
facility has remained in filtration mode since the event occurred. The 860A fan ran for
approximately two months following the February 2014 underground radiological incident
before being taken offine for maintenanceaelated activities. Since that tenthe 860B or the
860C fans have been operating to continue the air filtration process. Because the 860A fan was
operational immediately following the radiological release, it is expected that a small amount of
residual contamination could be presenthe aadjacent ductwork and the interior workings of
the fan which could result in a low level of contamination being released during the réstart.
current gross alpha and beta activities at Statiarddcomparable to the preperational gross
alpha and bta values measured for Station A filters priotht®arrival of TRU wastes in the
WI PP and are typical ©°background gross al pha
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Figure 216: Daily Gross Alpha and Gross Beta Activity in the Filtered Underground Air
(Station B) dring 20142017

Actinide concentrations in the WIPP underground Air (Station
B, PostHEPA filter) in 20¥

Sampling results from Station B (WIPP exhaust air released to the environment after
filtration) showed much lower levels, about 2.3 Bagghair for 247Am and 0.22 Bg/frof air for
239+24py when it was collected on February 18, 2@it4he first collection opportunity four
days after the underground radiation release event occurred. Given that this particular filter
remained in the sampler from thiene of the underground radiation detection event until four
days after the event, this filter was representative of the total amoutffaf, 239+24Py, and
238py that may have been released into the environment. By February 21, 2014, a Station B
samplenad only about 0.43 BgAof combined Pu and Am activity. By the middle of April 2014,
the concentrations of*JAm and?39+24Pu measured at Station B were in the range 0.11 to 0.53
Bq/n? and 0.01 to 0.06 BgfAmespectively. THE®u level has been beldlae detection limit in
samples from February 19, 20ttbthe present. The time series of the activity concentrations of
transuranic radionuclided®+24Py and**!Am measured at Station B (R&HEPA filtration) since
the releaseevent are shown in Figugel7. As the concentration levels of these radionuclides
receded, beginning April 22, 2014, actinide analyses have been performed on weekly composite
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samples. The weekly actinide analyses of Station B filters were continued until December 2015
and then bginning January 2016, monthly composite samples have been used for the actinides
analyses. The activity concentrations*®im and?3**24®u in the daily/weekly/monthly filters
collected from Station B since April 2014 are shown in Figd& Zhe montlglcomposite filter
results fron Station B measured during 2042 summarized in Table§ 2hrough 29.

CEMRC began collecting aerosol mass data of Station B filters beginning August 2014.
The239+24Pyspecificactivity (activity per unit mass aerosallected) at Station B was in the
range 0.0511.05 Bqg/g, while that c¥*!Am was in the range of 0.44.59 Bg/g. The weekly
specificactivity of 247Am and?32+24Py at Station B are shown in Figurd 2 the individual
values are summarized in TableéO2hrough 212.
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An analysis of historical operational data indicates occasional detections of trace amounts
of 239+24py 238py  and®*!Am in the exhaust air released from the WORE time (Figure-20).
From 2000 through 2013, only nine Station A measurements can be declared as containing a
certain detection of a radionuclideefectableconcentrations of Pu isotopes°(2*Pu, or238Pu)
and24IAm only occurred in four monthly egosite samples from 2003, 2008, 2009 and 2010
(CEMRC Report 2011).2%Bu concentrations were above detection limits in two of the monthly
composite samples (February 2008 and April 2009), these two composite samples were used to
calculate the activityatios betweeR38Pu and?3**24Pu. The February 2008 sample ratio was
0.039 and the April 2009 sample ratio was 0.023. A A% £3°+24Puyactivity ratio of
0.025 0.004 (0.019.039) ixonsistenwith a global fallout origiras reported in different
studies (Kelly et al., 1999, Hardy et al., 1973)siftiarityis not proof that there was not a
trace of23%Pureleased from within the repository; it is only suggestive of a global fallout origin.
It is important to note that activities detected indbe four composites were extremely low and
did not even trigger the underground Continuous Air Monitors (CAM) that are used to detect any
release of radioactivity. Basedexiensive analgs of these datahe CEMRC concludes that
there has been no unangpious evidence of releases from WIPP operations prior to the February
14, 2014 underground radiation release event.
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Uranium concentrations in the WIPP underground Air (Station
A and Station B)

The naturally occurring isotopes of uranium were detected in some monthly composites
samples collected from Station A and Station B irv20tanium is naturally occurring
radionuclide found in the environment. Thus, the detection of uranium in the WIPP underground
air is normal. The highest concentrations detected %6t&07 Bg/n? for 234U and4.19&07
Bqg/n® for 238U at Station A an@.45E07 Bg/n# for 234U and4.19E07 Bg/n® for 238U at Station B.
The?3%U wasnot detected inany monthly composites samples from Station A and Station B. The
individual concentrations argpecific activitywalues measured are summarized in Tablés 2
and 218 (Station A) and Tablesl® and 220 (Station B).

Where detected, th&4U results were similar to those?8fU for activity concentration
andspecific activityindicating secular equilibrium between the two isotopes. These results are
consistent with those reported in previous CEMRGtsefdde concentrations of uranium
isotopes measured in Station A and Station B filter samples are shown in Figlithsaigh 2
24.
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Gammaradionuclideconcentrations in the WIPP underground
Air (Station A and Station B)

The concentrations of gampeanitters!3’Cs89Cq and“°K measured in Station A and
Station B filter samples are shown in Fig@r&s through 230. The individual values measured
are summarized in Table®?2 through 223 (Station A) and Tables22 through 226 (Station
B).No detectable gammamitting radionuclides were observed in any of the filter samples
collected fran StationA or Station B in 2017An analysis of historical operational data indicates
detection of!3’Cs only once in a Station A filter collected on February 14, 2014, immediately
following the underground radiation release event at the WIPP.

An analysis of histacal operational data indicates that with the exception of occasional
detections frontK, no detectable gammamitting radionuclides were observed during the last
fifteen years of monitoring. Since these isotopes were not detected, no comparison between
years or among locations was performed.
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Conclusion

In this chapter, the WIPP underground air sampling rgssittbefore (Station A) and
after filtration (Station B) are presented for tbalendar year 201The results indicate that the
241Am and®®+24%Pu on the WIPP exhaust air both before and after the HEPA filtration continued
to remain low after April 22, 2014. It is also important to note that the levels detected were very
low and well below any level of public health or environmental con€amoccasional detection
of extremely low levels 81+24Py 238Py and24?Am in the WIPP exhaust air prior to the 2014
radiation release everglargely due to their presence in the global environment, although an
occasional higher detection level nimyattributed to minute particles with contamination being
released from the surface of a waste container during handling. The sensitivityeffirened
measuremestmake it likely that just a few atoms would be detectedrefore there is no
reason ¢ believe thathe WIPP is a source of environmental contamination that can be
considered significant by any healblased standard

As expectedhe naturally occurring isotopes of uranium were detected in some monthly
composites samples collected fromti®h A and Station B in 201 With the exception of
occasional detections froffK , no detectable gamma emitting radionuclides were observed
during the monitoring period 2017.
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Table 21: Weekly Activity concentians of24Am (Bg/r) in Station A (PrHEPA)
filters in 2017

Sample Date 241Aanq,/°\n(]:3tIV|ty UEZ,,&?) é\g I?n% Status
January 2017
1stweek 8.13E04 1.00E04 2.35E06 Detected
2nd week 9.43E04 1.18E04 2.12E06 Detected
39 week 4.90E04 7.38E05 6.35E06 Detected
4th week 7.76E04 1.02E04 3.88E06 Detected
February 2017
I1stweek 1.21E03 1.48E04 1.91E06 Detected
2nd week 7.60E04 9.46E05 1.86E06 Detected
3dweek 7.02E04 8.66E05 1.67E06 Detected
4th week 1.25E03 1.66E04 2.77TE06 Detected
March 2017
1stweek 1.10E03 1.37E04 1.98E06 Detected
2nd week 6.01E04 7.65E05 1.72E06 Detected
3dweek 4.37E04 5.88E05 2.38E06 Detected
4th week 1.13E03 1.37E04 1.63E06 Detected
April 2017
Istweek 2.59E04 3.78E05 4.89E06 Detected
2nd yweek 2.29E04 3.35E05 2.40E06 Detected
3d week 5.40E04 7.01E05 2.41E06 Detected
4t week 3.11E04 4.45E05 3.41E06 Detected
May 2017
I1stweek 4.01E04 5.82E05 5.21E06 Detected
2nd week 3.35E04 4.34E05 2.05E06 Detected
3dweek 2.93E04 3.82E05 1.51E06 Detected
4th week 3.09E04 3.95E05 1.55E06 Detected
June 2017
1stweek 1.13E04 1.66E05 2.18E06 Detected
2nd week 2.15E03 2.62E04 2.25E06 Detected
3d week 2.06E03 2.52E04 2.24E06 Detected
4th week 1.23E04 1.94E05 2.99E06 Detected
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Table 21: Weekly Activitgoncentrations of4?Am (Bg/r) in Station A (PrHEPA)
filters in 2017(continued)

Sample Date 241Aanq,/°\n(]:3tIV|ty UEZ,,&?) é\g I?n% Status
July 2017
1stweek 8.56E05 2.14E05 9.76E06 Detected
2nd week 2.92E04 3.95E05 1.93E06 Detected
3d week 7.91E05 1.26E05 1.42E06 Detected
4th week 2.78E04 3.60E05 1.44E06 Detected
August 2017
I1stweek 1.34E04 2.41E05 3.46E06 Detected
2nd week 6.98E05 1.16E05 2.18E06 Detected
39 week 7.28E05 1.24E05 1.93E06 Detected
4th week 1.07E04 1.50E05 1.11E06 Detected
September 2017
1stweek 1.41E03 1.74E04 1.63E06 Detected
2nd week 1.61E03 1.97E04 1.73E06 Detected
3dweek 6.99E04 8.88E05 1.63E06 Detected
4th week 1.38E04 1.89E05 1.11E06 Detected
October 2017
1stweek 3.26E05 6.53E06 1.62E06 Detected
2nd week 6.75E04 8.51E05 1.72E06 Detected
3d week 1.04E03 1.28E04 2.20E06 Detected
4th week 1.42E03 1.72E04 1.16E06 Detected
November 2017
1stweek 4.23E04 5.35E05 1.72E06 Detected
2nd week 2.30E04 3.05E05 1.85E06 Detected
3dweek 5.22E04 6.59E05 2.64E06 Detected
4th week 4.32E04 5.41E05 1.16E06 Detected
December 2017
1stweek 3.75E04 4.81E05 2.01E06 Detected
2nd week 3.87E04 4.92E05 1.95E06 Detected
3d week 2.26E04 3.04E05 1.69E06 Detected
4th week 3.37E04 4.27E05 9.38E07 Detected
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WIPP Underground Air Monitoring

Table 22: Weekly Activity concentrations $P*24Pu (Bg/rP) in Station A (PFHEPA)
filters in 2017

Sample Date 239+24(|;|3qt;??ctlwty Ugglg) é\g I/Dn% Status
January 2017
Istweek 9.23E05 1.43E05 1.43E06 Detected
2nd week 1.15E04 1.72E05 1.74E06 Detected
3d week 7.54E05 1.20E05 1.22E06 Detected
4th week 7.78E05 1.13E05 8.87E07 Detected
February2017
Istweek 1.40E04 2.01E05 1.53E06 Detected
2nd week 1.12E04 1.80EO05 2.30E06 Detected
3dweek 1.07E04 1.62E05 1.63E06 Detected
4th week 2.41E04 3.26E05 1.59E06 Detected
March 2017
Istweek 1.32E04 1.98E05 1.55E06 Detected
2nd week 6.72E05 1.12E05 1.32E06 Detected
3dweek 4.01E05 7.75E06 1.75E06 Detected
4th week 1.73E04 2.39E05 1.10E06 Detected
April 2017
1stweek 4.41E05 8.65E06 1.75E06 Detected
2nd yweek 2.26E05 5.64E06 1.58E06 Detected
3d week 4.75E05 9.37=06 2.24E06 Detected
4t week 3.08E05 5.87E06 9.91E07 Detected
May 2017
Istweek 6.00E05 1.05E05 1.52E06 Detected
2nd week 4.31E05 8.55E06 2.45E06 Detected
3dweek 4.10E05 7.99E06 1.80E06 Detected
4th week 3.16E05 6.23E06 1.18E06 Ddected
June 2017
1stweek 4.19E05 8.04E06 1.88E06 Detected
2nd week 5.09E04 6.54E05 1.86E06 Detected
34 week 3.27E04 4,25E05 1.47E06 Detected
4th week 9.98E06 3.69E06 2.52E06 Detected
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WIPP Underground Air Monitoring

Table 22: Weekly Activity concentrations §f+2#%Pu(Bg/n¥) in Station A (PFHEPA)
filters in 2017 (continued)

239+240p
Sample Date Activity Ugc.h%‘) BI.VI I?n% Status
Bag/n? 9 q
July 2017
1stweek 1.17E05 7.03E06 7.56E06 Detected
2nd week 4.69E05 8.82E06 1.82E06 Detected
39 week 9.82E06 3.20E06 1.47E06 Detected
4th week 5.37E05 8.77E06 1.22E06 Detected
August 2017
1stweek 2.79E05 6.35E06 2.07E06 Detected
2nd week 1.04E05 3.79E06 2.26E06 Detected
3dweek 1.30E05 3.92E06 1.62E06 Detected
4th week 1.49E05 3.61E06 1.17E06 Detected
September 2017
Istweek 2.11E04 2.86E05 1.48E06 Detected
2nd yweek 2.16E04 2.95E05 1.55E06 Detected
3d week 7.73E05 1.24E05 2.17E06 Detected
4t week 1.64E05 3.92E06 1.62E06 Detected
October 2017
I1stweek 5.24E06 2.20E06 1.37E06 Detected
2nd week 7.22E05 1.16E05 1.36E06 Detected
3dweek 1.28E04 1.85E05 2.11E06 Detected
4th week 1.72E04 2.29E05 1.02E06 Detected
November 2017
1stweek 5.49E05 9.66E06 1.47E06 Detected
2nd week 2.49E05 5.70E06 1.90E06 Detected
39 week 6.20E05 1.07E05 1.53E06 Detected
4t week 4.89E05 8.28E06 1.32E06 Detected
December 2017
1stweek 5.02E05 8.98E06 1.07E06 Detected
2nd week 5.17E05 9.21E06 1.58E06 Detected
3dweek 2.75E05 5.75E06 1.34E06 Detected
4th week 3.93E05 6.74E06 1.05E06 Detected
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WIPP Underground Air Monitoring

Table 23: Weekly Activityancentrations of38Pu (Bg/rd) in Station A (PrHEPA)
filters in 2017

Sample Date 238Pé1q,?\r$mty UEZ,,&?) é\g I?n% Status
January 2017
1stweek 8.66E06 2.94E06 1.43E06 Detected
2nd week 8.16E05 2.89E06 1.32E06 Detected
3d week 7.54E06 2.70E06 1.70E06 Detected
4th week 4.26E06 1.62E06 1.04E06 Detected
February 2017
Istweek 8.47E06 2.93E06 2.01E06 Detected
2nd week 6.99E06 3.09E06 3.12E06 Detected
3dweek 8.77E06 3.07E06 2.14E06 Detected
4th week 1.05E05 3.35E06 2.08E06 Detected
March 2017
Istweek 7.23E06 2.85E06 2.32E06 Detected
2nd week 6.05E06 2.47E06 1.61E06 Detected
3dweek 5.64E06 2.39E06 1.63E06 Detected
4th week 8.65E06 2.75E06 9.22E07 Detected
April 2017
1stweek 1.57E06 1.53E06 2.60E06 Detected
2nd week 3.25E06 1.98E06 1.94E06 Detected
3d week 4.66E06 2.44E06 2.08E06 Detected
4th week 4.13E06 1.75E06 8.32E07 Detected
May 2017
Istweek 2.97E06 1.83E06 2.26E06 Detected
2nd week 3.06E06 1.83E06 1.64E06 Detected
3d week 2.58E06 1.64E06 1.67E06 Detected
4th week 4.61E06 1.95E06 1.39E06 Detected
June 2017
Istweek 5.17E06 2.32E06 1.88E06 Detected
ond yweek 2.21E05 5.3 06 1.73E06 Detected
3d week 1.98E05 4.67E06 1.58E06 Detected
4th week 2.25E06 1.89E06 2.97E06 Detected
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WIPP Underground Air Monitoring

Table 23: Weekly Activityancentrations of38Pu(Bg/n¥) in Station A (PrHEPA)
filters in 2017(continued)

Sample Date 238Pé1q,?\r$|\rty UEZ,,&?) é\g I?n% Status
July 2017
1stweek 1.82E06 3.27E06 7.12E06 Detected
2nd week 4.69E06 2.29E06 2.32E06 Detected
39 week 5.29E06 2.31E06 1.72E06 Detected
4th week 8.11E06 2.49E06 1.37E06 Detected
August 2017
Istweek 5.26E06 2.44E06 1.95E06 Detected
2nd week 4.07E06 2.41E06 2.88E06 Detected
39 week 2.68E06 1.73E06 1.90E06 Detected
4t week 2.73E06 1.42E06 1.34E06 Detected
September 2017
1stweek 9.35E06 3.06E06 2.10E06 Detected
2nd week 1.47E05 4.03E06 2.11E06 Detected
34 week 6.92E06 2.61E06 1.75E06 Detected
4th week 1.91E06 1.21E06 1.24E06 Detected
October 2017
1stweek 1.44E06 1.19E06 1.61E06 Detected
2nd yweek 2.78E06 1.63E06 1.78E06 Detected
3d week 7.10E06 2.66E06 2.18E06 Detected
4th week 7.95E06 2.34E06 1.16E06 Detected
November 2017
Istweek 3.00E06 1.83E06 2.34E06 Detected
2nd week 1.29E06 1.35E06 2.43E06 Detected
3d week 4.90E06 2.25E06 1.68E06 Detected
4th week 3.11E06 1.52E06 1.12E06 Detected
December 2017
I1stweek 3.19E06 1.84E06 2.21E06 Detected
2nd week 5.20E06 2.32E06 2.15E06 Detected
3d week 2.38E06 1.49E06 1.67E06 Detected
4th week 2.52E06 1.27E06 9.60E07 Detected
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WIPP Underground Air Monitoring

Table 24: WeeklySpecific Activityof 242Am (Bg/g) in Station A (RI€EPA) fiers in 2017

Sample Date 241Arg$\;t|wty Unlgd /(g%) II\BAqD/;: Status
January 2017
1stweek 6.46E+00 7.98E01 1.87E02 Detected
2nd week 6.35E+00 7.94E01 1.42E02 Detected
3dweek 6.57E+00 9.90E01 8.53E02 Detected
4th week 7.61E+00 9.98E01 3.81E02 Detected
February 2017
1stweek 9.31E+00 1.14E+00 1.46E02 Detected
2nd week 6.98E+00 8.69E01 1.71E02 Detected
34 week 6.08E+00 7.50E01 1.44E02 Detected
4t week 9.20E+00 1.23E+00 2.05E02 Detected
March 2017
I1stweek 1.69E+01 2.10E+00 3.03E02 Detected
2nd week 9.38E+00 1.19E+00 2.68E02 Detected
3dweek 7.34E+00 9.87E01 4.00E02 Detected
4th week 1.24E+01 1.52E+00 1.80E02 Detected
April 2017
1stweek 1.94E+00 2.83E01 3.66E02 Detected
2nd yweek 2.79E+00 4.08E01 2.93E02 Detected
3d week 1.57E+01 2.04E+00 7.02E02 Detected
4t week 6.64E+00 9.52E01 7.30E02 Detected
May 2017
I1stweek 1.08E+01 1.56E+00 1.40E01 Detected
2nd week 1.81E+01 2.35E+00 1.11E01 Detected
3dweek 7.27E+0 9.47E01 3.74E02 Detected
4t week 4.79E+00 6.12E01 2.41E02 Detected
June 2017
1stweek 2.32E+00 3.40E01 4.47E02 Detected
2nd week 2.45E+01 2.99E+00 2.56E02 Detected
3dweek 2.06E+01 2.52E+00 2.23E02 Detected
4th week 1.35E+00 2.14E01 3.2%02 Detected

2-34

Carlsbad Environmental Monitoring & Research Center7|ROfort (revised)




WIPP Underground Air Monitoring

Table 24: WeeklSpecificActivity of24lAm (Bg/g) in Station A (Ri€EPA)
filters in 2017(continued)

241Am Activit Unc. (3 MDC
Sample Date Ba/g y Bq /(g ) Ba/g Status
July 2017

1stweek 2.70E+00 6.76E01 3.08E01 Detected

2nd week 3.54E+00 4.80E01 2.34E02 Detected

39 week 1.06E+00 1.70E01 1.91E02 Detected

4th week 2.59E+00 3.35E01 1.34E02 Detected

August 2017

1stweek 2.31E+00 4,16E01 5.97E02 Detected

2nd week 9.28E01 1.54E01 2.90E02 Detected

3dweek 7.67E01 1.31E01 2.03E02 Detected

4th week 1.71E+00 2.40E01 1.77E02 Detected
September 2017

1stweek 3.24E+01 4.,00E+00 3.74E02 Detected

2nd week 3.66E+01 4.47E+00 3.92E02 Detected

3dweek 2.01E+01 2.55E+00 4.67E02 Detected

4th week 3.00E+00 4.10E01 2.4E02 Detected

October 2017

1st week 4 57E01 9.15E02 2.27E02 Detected

2nd week 8.34E+00 1.05E+00 2.12E02 Detected

3d week 1.82E+01 2.25E+00 3.87E02 Detected

4th week 1.61E+01 1.95E+00 1.31E02 Detected
November 2017

I1stweek 7.00E+00 8.85E01 2.85E02 Detected

2nd week 2.59E+00 3.43E01 2.08E02 Detected

3dweek 2.48E+00 3.13E01 1.25E02 Detected

4th week 8.12E+00 1.02E+00 2.19E02 Detected
December 2017

1stweek 6.09E+00 7.80E01 3.27E02 Detected

2nd yweek 4.40E+00 5.60E01 2.22E02 Detcted

3dweek 3.36E+00 4 51E01 2.51E02 Detected

4th week 6.64E+00 8.42E01 1.85E02 Detected
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WIPP Underground Air Monitoring

Table 25: WeeklSpecificActivity of 239+24y (Bg/g) in Stadn A (PreHEPA) filters in 2017

239+240Pu
Sample Date Activity Uné: : /(3) EADC Status
Ba/g a/g a/g
January 2017
1stweek 7.33E01 1.14E01 1.13E02 Detected
2nd week 7.72E01 1.16E01 1.17E02 Detected
3d week 1.01E+00 1.61E01 1.63E02 Detected
4th week 7.63E01 1.11E01 8.71E03 Detected
February 2017

I1stweek 1.07E+00 1.55E01 117E02 Detected
2nd week 1.03E+00 1.66E01 2.11E02 Detected
3dweek 9.24E01 1.41E01 1.41E02 Detected
4th week 1.78E+00 2.41E01 1.17E02 Detected

March 2017
1stweek 2.03E+00 3.03E01 2.38E02 Detected
2nd week 1.05E+00 1.75E01 2.06E02 Detectel
3dweek 6.74E01 1.30E01 2.93E02 Detected
4th week 1.91E+00 2.64E01 1.21E02 Detected

April 2017
Istweek 3.30E01 6.47E02 1.31E02 Detected
2nd week 2.75E01 6.88E02 1.93E02 Detected
3rd week 1.38E+00 2.72E01 6.51E02 Detected
4t week 658E01 1.26E01 2.12E02 Detected

May 2017
I1stweek 1.61E+00 2.83E01 4.08E02 Detected
2nd week 2.33E+00 4.62E01 1.32E01 Detected
3dweek 1.02E+00 1.98E01 4.45E02 Detected
4th week 4.90E01 9.66E02 1.83E02 Detected

June 2017
1stweek 8.59E01 1.65E01 3.86E02 Detected
2nd week 5.81E+00 7.46E01 2.12E02 Detected
3dweek 3.26E+00 4.24E01 1.47E02 Detected
4th week 1.10E01 4.05E02 2.78E02 Detected
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WIPP Underground Air Monitoring

Table 25: WeeklSpecific Activityof 239+24Py (Bg/g) in Stain A (PreHEPA)
filters in 2017 continued)

239+240p
Sample Date Activity Uné: : /(3) MDC Status
Ba/g a/g Ba/g
July 2017
1stweek 3.69E01 2.22E01 2.39E01 Detected
2nd week 5.70E01 1.07E01 2.21E02 Detected
3d week 1.32E01 4.30E02 1.97E02 Detected
4th week 4. PEO0L 8.16E02 1.14E02 Detected
August 2017
I1stweek 4.82E01 1.10E01 3.58E02 Detected
2nd week 1.39E01 5.04E02 3.01E02 Detected
3dweek 1.37E01 4.13E02 1.71E02 Detected
4th week 2.38E01 5.76E02 1.87E02 Detected
September 2017
1stweek 4.84E+00 6.56E01 3.40E02 Detected
2nd week 4.90E+00 6.68E01 3.52E02 Detected
3d week 2.22E+00 3.55E01 6.23E02 Detected
4t week 3.55E01 8.50E02 3.53E02 Detected
October 2017
I1stweek 7.34E02 3.08E02 1.92E02 Detected
2nd week 8.92E01 1.43E01 1.68E02 Detected
3dweek 2.25E+00 3.25E01 3.71E02 Detected
4t week 1.96E+00 2.59E01 1.15E02 Detected
November 2017
1stweek 9.08E01 1.60E01 2.43E02 Detected
2nd week 2.80E01 6.41E02 2.14E02 Detected
3dweek 2.94E01 5.08E02 7.28E03 Detected
4th week 9.20E01 1.56E01 2.48E02 Detected
December 2017
I1stweek 8.14E01 1.46E01 1.74E02 Detected
2nd week 5.88E01 1.05E01 1.80E02 Detected
3d week 4.09E01 8.55E02 1.99E02 Detected
4th week 7.74E01 1.33E01 2.06E02 Detectel
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WIPP Underground Air Monitoring

Table 26: WeeklySpecific Activityof 238Pu (Bg/g) in Stan A (PreHEPA) filters in 2017

Sample Date 238P1I13$(9:]t|wty Unlgd /(g%) II\BAqD/;: Status
January 2017
Istweek 6.88E02 2.34E02 1.13E02 Detected
2d week 5.50E01 1.94E02 8.89E03 Detected
3dweek 1.01E01 3.62E02 2.28E02 Detected
4th week 4.18E02 1.59E02 1.02E02 Detected
February 2017
Istweek 6.50E02 2.25E02 1.54E02 Detected
2nd week 6.42E02 2.84E02 2.86E02 Detected
3rd week 7.60E02 2.66E02 1.85E02 Detected
4th week 7.78E02 2.48E02 1.54E02 Detected
March 2017
1stweek 1.11E01 4.36E02 3.55E02 Detected
2nd week 9.44E02 3.85E02 2.52E02 Detected
3d week 9.47E02 4.01E02 2.73E02 Detected
4th week 9.56E02 3.03E02 1.02E02 Detected
April 2017
1stweek 1.18E02 1.15E02 1.94E02 Detected
2d week 3.97E02 2.41E02 2.37E02 Detected
3rd week 1.35E01 7.10E02 6.05E02 Detected
4th week 8.84E02 3.74E02 1.78E02 Detected
May 2017
Istweek 7.97E02 4.92E02 6.08E02 Detected
2nd week 1.66E01 9.91E02 8.88E02 Detected
3d week 6.38E02 4.06E02 4.14E02 Detected
4th week 7.15E02 3.01E02 2.15E02 Detected
June 2017
1stweek 1.06E01 4. 77E02 3.86E02 Detected
2d week 2.53E01 6.11E02 1.97E02 Detected
3dweek 1.98E01 4.66E02 1.58E02 Detected
4th week 2.48E02 2.08E02 3.26E02 Detected
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WIPP Underground Air Monitoring

Table 26: WeeklySpecific Activityof 238Pu(Bg/g) in Stabn A (PreHEPA) filters in 2017

(continued)
238py Activi Unc. (3 MDC
Sample Date Ba/g vy Bq /(g ) Ba/g Status
July 2017
1st week 5.74E02 1.03E01 2.25E01 Detected
2nd week 5.70E02 2.78E02 2.81E02 Detected
3d week 7.11E02 3.10E02 2.32E02 Detected
4th week 7.54E02 2.31E02 1.28E02 Detected
August 2017

Istweek 9.09E02 4.22E02 3.37E02 Detected
2nd week 5.41E02 3.20E02 3.83E02 Detected
3d week 2.82E02 1.82E02 2.00E02 Detected
4th week 4.35E02 2.27E02 2.14E02 Detected

September 2017
1stweek 2.14E01 7.02E02 4.81E02 Detected
2d week 3.33E01 9.13E02 4.79E02 Detected
3d week 1.99E01 7.49E02 5.03E02 Detected
4th week 4.14E02 2.63E02 2.69E02 Detected

October 2017

Istweek 2.02E02 1.67E02 2.25E02 Detected
2nd week 3.43E02 2.01E02 2.20E02 Detected
3d week 1.25E01 4.68E02 3.84E02 Detected
4th week 9.02E02 2.65E02 1.32E02 Detected

November 2017
1stweek 4.96E02 3.02E02 3.86E02 Detected
2nd week 1.45E02 1.51E02 2.73E02 Detected
3d week 2.32E02 1.07E02 7.95E03 Detected
4th week 5.86E02 2.86E02 2.11E02 Detected

December 2017
Istweek 5.17E02 2.99E02 3.59E02 Detected
2nd week 5.92E02 2.64E02 2.45E02 Detected
3d week 3.53E02 2.22E02 2.48E02 Detected
4th week 4.95E02 2.49E02 1.89E02 Detected
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WIPP Underground Air Monitoring

Table 27: Monthly Activity concentrations 8Am (Bq/rd) in Station B
(PostHEPA) filters in 201

Radionuclides Sgr;]tgle 241Aqu'?‘r$'V'ty Ugg/r(?) é\g I/DnCﬁ Status
241Am January 1.07E05 1.97E06 | 4.26E07 Detected
February 9.66E06 1.87E06 | 4.31E07 Detected
March 1.38E05 3.26E06 | 8.64E07 Detected
April 3.04E06 9.56E07 | 4.49E07 Detected
May 1.09E05 1.94E06 | 3.87E07 Detected
June 8.09E06 1.67E06 | 5.39E07 Detected
July 5.83E06 1.34E06 | 5.20E07 Detected
August 4.50E06 1.20E06 | 6.39E07 Detected
September 5.84E06 1.27E06 | 6.03E07 Detected
October 7.48E06 1.5&06 | 3.93E07 Detected
November 7.81E06 1.50E06 | 3.68E07 Detected
December 1.22E05 2.09E06 | 4.41E07 Detected

Table 28: Monthly Activityconcentrations of3°*24Pu (Bq/r?) in Staton B (PosHEPA)
filters in 2017

S | 239+240pu U (3) MDC
: : ample . nc.
Radionuclides Date Aé:ctlllvnl;y Bg/m? Bq/n? Status
239+240py January 1.14E06 4.89E07 | 2.39E07 Detected
February 3.82E07 3.07E07 | 3.85E07 Detected
March 1.19E06 5.29E07 | 4.03E07 Detected
April 4.29E07 3.09e07 | 3.72E07 Detected
May 1.2806 5.56E07 | 3.21E07 Detected
June 3.78E07 2.99E07 | 2.77E07 Detected
July 7.97E07 4.76E07 | 4.28E07 Detected
August 4.21E07 3.07E07 | 3.33E07 Detected
September 9.40E07 4.49E07 | 3.68E07 Detected
October 9.04E07 4.28E07 | 3.51E07 Detected
November 6.49E07 3.60E07 | 2.35E07 Detected
December 2.38E06 7.47E07 | 4.72E07 Detected
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WIPP Underground Air Monitoring

Table 29: Monthly Activity oncentrations of3%Pu (Bg/r) in Station B (PostEPA)
filters in 2017

: . Sample " unc.(3) MDC
Radionuclides Date ,Aé:éll\g:?y Bg/m? Bq/n? Status

238py January -9.58E09 1.49E07 | 4.91E07 | Notdetected
February | -2.12E08 1.20E07 | 4.64E07 Not detected
March 8.24E08 1.87E07 4.51E07 Not detected

April 7.64E08 1.73E07 | 4.17EQ07 Not detected
May -1.08E08 1.70E07 | 5.57E07 Not detected
June 4.45E08 1.66E07 | 4.61E07 Not detected
July -9.01E08 1.46E07 | 5.62E07 Detected

August -7.02E08 1.14E07 | 4.38E07 Not detected
September| 3.77E08 1.41E07 | 3.91E07 Not detected
October 1.26E07 1.86E07 3.73E07 Not detected
November| 3.76E08 1.41E07 3.90E07 Not detected
December| -1.24E07 1.18E07 5.20E07 Not detected

Table 210: MonthlySpecific Activityof 24’Am Bq/g) in Station B (Pe$iEPAJilters in 2017

Radionuclides Sgglzle 241Arg§/\é:t|wty Ugcql(?) g/qu/g Status
241Am January 3.12E+00 5.75E01 | 1.24E01 | Detected
February 1.99E+00 3.86E01 | 8.88E02 | Detected
March 2.93E+00 6.92E01 | 1.84E01 | Detected
April 4.70E01 1.48E01 | 6.94E02 | Detected
May 1.21E+00 2.15E01 | 4.28E02 Deteted
June 9.47E01 1.96E01 | 6.31E02 | Detected
July 6.78E01 1.56E01 | 6.04E02 | Detected
August 6.71E01 1.79E01 | 9.54E02 | Detected
September 1.07E+00 2.33E01 | 1.10E01 | Detected
October 1.63E+00 3.28E01 | 8.58E02 | Detected
November 2.19E+00 4.20E01 | 1.03E01 | Detected
December 6.21E+00 1.07E+00 | 2.25E01 | Detected
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WIPP Underground Air Monitoring

Table 211: MonthlySpecific Activityof 239+24Py Bg/g) in Station B (Pe$iEPAJilters in 2017

239+240p u

Radionuclides Sgr;tgle Agtcll\;gy Ur;;/(?) gg; Status
239+240py January 3.32E01 1.43E01 6.96E02 Detected
February 7.87E02 6.33E02 7.95E02 Detected
March 2.53E01 1.12E01 8.55E02 Detected
April 6.63E02 4.77E02 5.75E02 Detected
May 1.41E01 6.15E02 3.55E02 Detected
June 4.42E02 3.50E02 3.25E02 Detected
July 9.26E02 5.53E02 4.97E02 Detected
August 6.29E02 4.59E02 4.97E02 Detected
September 1.72E01 8.22E02 6.74E02 Detected
October 1.97E01 9.36E02 7.67E02 Detected
November 1.82E01 1.01E01 6.58E02 Detected
Decembe 1.21E+00 3.82E01 2.41E01 Detected

Table 212: MonthlySpecific Activityof 238Pu (Bg/g) in Station B (PeadEPAjilters in 2017

Radionuclides Sgggle Zssplé'g‘g'v'ty Uréil/(gs) EACIID/;: Status
238py January -2.79E03 4.35E02 1.43E01 Not detected
February -4.38E03 2.48E02 9.56E02 Not detected
March 1.75E02 3.97E02 9.58E02 Not detected
April 1.18E02 2.67E02 6.44E02 Not detected
May -1.20E03 1.88E02 6.16E02 Not detected
June 5.20E03 1.95E02 5.40E02 Not detected
July -1.05E02 1.70E02 6.52E02 Detected
August -1.05E02 1.70E02 6.53E02 Not detected
September 6.90E03 2.58E02 7.15E02 Not detected
October 2.75E02 4.07E02 8.15E02 Not detected
November 1.05E02 3.95E02 1.09E01 Not detected
Decembr -6.33E02 6.05E02 2.66E01 Not detected
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Table 213: Monthly Activityconcentrations of Uranium Isqgies in Station A (PfEEPA)

filters in 2017

Radionuclides Sgr;tzle Ag(;m;y USS/E?) é\g I/DnCﬁ Status
234y January 9.36E07 5.09£07 | 6.96E07 Detected
February 6.57E07 3.45E07 | 5.59E07 Detected
March 5.78E07 3.28E07 | 5.64E07 Detected
April 3.13E07 3.19E07 | 6.68E07 Detected
May 4.76E07 2.50E07 | 3.78E07 Detected
June 9.51E07 4.30E07 | 5.91E07 Detected
July 3.43E07 3.62E07 | 7.79E07 | Notdetected
August 2.20E07 2.82E07 | 6.18E07 | Not detected
September 3.96E07 3.78E07 | 7.96E07 Detected
October 4.43E07 2.97E07 | 5.63E07 Detected
November 7.64E07 3.27E07 | 4.49E07 Detected
December 6.34E07 3.01E07 | 4.24E07 Detected
235U January 6.09E08 1.22E07 | 2.83E07 | Not detected
February 6.48E08 1.30E07 | 3.01E07 Detected
March 2.78E07 2.57E07 | 4.92E07 | Not detected
April 1.05E07 1.86E07 | 4.20E07 | Not detected
May 8.03E08 1.77E07 | 4.24E07 Detected
June 1.26E07 3.01E07 | 7.30E07 Detected
July 1.05E07 2.55E07 | 6.13E07 | Not detected
August 1.69E07 2.26E07 | 4.78E07 | Not detected
September -1.39E07 2.21E07 | 7.01E07 | Not detected
October 1.09E07 2.19E07 | 5.13E07 | Not detected
November 2.06E07 2.13E07 | 4.16E07 | Not detected
December 6.01E08 1.47E07 | 3.61E07 | Not detected
238 January 3.69E07 2.77E07 | 5.23E07 Detected
February 4.19E07 2.71E07 | 4.56E07 Detected
March 2.26E07 2.70E07 | 5.89E07 | Not detected
April 1.13E07 2.4E07 | 5.68E07 | Not detected
May 1.29E07 2.30E07 | 5.29E07 | Not detected
June 1.35E07 4.58E07 | 1.11E06 Detected
July 1.70E07 3.85E07 | 9.11E07 Detected
August 1.37E07 3.25E07 | 7.71E07 | Not detected
September 1.41E07 3.51E07 | 8.38E07 | Not deteded
October 3.31E07 2.70E07 | 5.40E07 | Not detected
November 3.81E07 3.10E07 | 6.29E07 | Not cetected
December 3.15E07 2.89E07 | 5.95E07 | Not detected
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Table 214: MonthlySpecific Activityof Uranium Isotopes in Stah A (PreHEPA) filters in 2017

Sample

Activity

Unc.(3)

MDC

Radionuclides Date Ba/g Ba/g Ba/g Status
2343y January 8.38E03 4.52E03 | 6.24E03 Detected
February 5.36E03 2.81E03 | 4.57E03 Detected
March 8.11E03 4.60E03 | 7.92E03 Detected
April 4.35E03 4.43E03 | 9.28E03 Detected
May 1.12E02 5.88E03 | 8.90E03 Detected
June 1.16E02 5.27E03 | 7.23E03 Detected
July 3.95E03 4.18E03 | 8.99E03 Not detected
August 3.07E03 3.93E03 | 8.61E03 Not detected
September 9.33E03 8.90EO3 | 1.88E02 Detected
October 5.86E03 3.93E03 | 7.44E03 Detected
November 7.69E03 3.29E03 | 4.52E03 Detected
December 9.71E03 4.60E03 | 6.49E03 Detected
235 January 5.45E04 1.09E03 | 2.54E03 Not detected
February 5.29E04 1.06E03 | 2.46E03 Detected
March 3.91E03 3.61E03 | 6.90E03 Not detected
April 1.46E03 2.58E03 | 5.84E03 Not detected
May 1.89E03 4.17E03 | 9.98E03 Detected
June 1.54E03 3.69E03 | 8.93E03 Detected
July 1.22E03 2.94E03 | 7.07E03 Not detected
August 2.36E03 3.16E03 | 6.67E03 Not detected
September -3.29E03 5.20E03 | 1.65E02 | Not detected
October 1.44E03 2.90E03 | 6.79E03 Not detected
November 2.08E03 2.14E03 | 4.19E03 Not detected
December 9.21E04 2.26E03 | 5.52E03 Not detected
238y January 3.31E03 2.48E03 | 4.68E03 Detected
February 3.42E03 2.21E03 | 3.73E03 Detected
March 3.17E03 3.78E03 | 8.26E03 Not detected
April 1.57E03 3.33E03 | 7.89E03 Not detected
May 3.05E03 5.40E03 | 1.24E02 Not detected
June 1.65E03 5.60E03 | 1.36E02 Detected
July 1.96E03 4.44E03 | 1.05E02 Detected
August 1.91E03 453E03 | 1.08E02 | Not detected
September 3.31E03 8.29E03 | 1.98E02 | Not detected
October 4.38E03 3.57E03 | 7.15E03 Not detected
November 3.84E03 3.12E03 | 6.33E03 Not detected
December 4.82E03 4.43E03 | 9.11E03 Not detected
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Table 215: Monthly Activity @ncentrations of Uranium Isgpes in Station B (Pe$tEPA)
filters in 2017

Sample Activity unc.(3) MDC

Radionuclides Date Bg/? Bg/m? Bq/n? Status
234y January 3.64E07 3.13E07 5.78E07 | Notdetected
February 6.45E07 3.62E07 4.00E07 Detected
March 1.22E07 4.22E07 1.04E06 Detected
April 3.11E07 3.68E07 7.84E07 | Not detected
May 1.23E07 4.28E07 1.05E06 | Not detected
June 7.67E08 3.60E07 9.01E07 | Not detected
July 3.42E07 3.25E07 6.63E07 | Not cetected
August 2.72EQ07 2.78E07 5.69E07 Detected
September 2.80E08 2.69E07 6.89E07 | Not detected
October 2.04E08 2.48E07 6.24E07 Detected

November 7.63E08 1.97E07 4.79E07 Detected
December 5.80E08 2.18E07 5.47E07 Not detected

235y Januay 5.83E07 3.27E07 3.61E07 Detected
February 5.31E08 2.80E07 7.48E07 | Not detected
March 1.50E07 2.66E07 6.02E07 | Not cetected
April 1.44E07 2.90E07 6.79E07 | Not detected
May -1.52E07 3.05E07 9.55E07 | Notdetected
June 1.42E07 1.90E07 3.48E07 | Not detected
July 3.84E08 2.30E07 6.08E07 | Not detected
August -1.49E07 2.12EQ07 7.03E07 Detected
September 1.04E07 2.09E07 4.90E07 | Not detected
October -5.03E08 1.42E07 4.39E07 | Not detected

November -6.28E08 1.26E07 4 .42E07 Not detected
December 3.59E08 1.90E07 5.05E07 Not detected

238y January -3.63E08 2.98E07 8.14E07 | Not detected
February 8.58E08 3.83E07 9.62E07 | Not detected

March 2.43E07 4.58E07 1.07E06 | Not cetected

April 3.11E07 3.97E07 8.72E07 | Not detected

May -5.32E07 6.63E07 1.80E06 | Not cetected

June 4.19E07 3.85E07 7.67E07 | Not detected

July -3.10E08 2.83E07 7.60EO07 | Not detected

August 2.41E07 2.83E07 6.05E07 | Not detected

September 1.12E07 2.97E07 7.13E07 | Not detected

October -1.22E07 2.37E07 6.53E07 | Not detected

November 1.27E07 1.83E07 4.01E07 Not detected
December -2.02E07 2.52E07 7.64E07 Not detected
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Table 216: MonthlySpecific Activityof Uranium Isotopes in Station B (R6HEPA)
filters in 2017

Sample Activity unc.(3) MDC

Radionuclides Date Ba/g Ba/g Ba/g Status
234y January 1.06E01 9.12E02 | 1.69E01 | Not detected
February 1.33E01 7.46E02 | 8.25E02 Detected
March 2.59E02 8.96E02 | 2.20E01 Detected
April 4.81E02 5.68E02 | 1.21E01 | Notdetected
May 1.36E02 47302 | 1.16E01 | Not detected
June 8.98E03 4.21E02 | 1.05E01 | Not detected
July 3.97E02 3.77E02 | 7.70E02 | Not detected
August 4.06E02 4.15E02 8.49E02 Detected

September 5.13E03 4.93E02 1.26E01 | Not detected
October 4.46E03 5.42E02 1.36E01 Detected

November 2.14E02 5.53E02 1.34E01 Detected

December 2.97E02 1.11E01 2.80E01 | Not detected

235y January 1.70E01 9.53E02 | 1.05E01 Detected
February 1.09E02 5.78E02 1.54E01 | Not detected
March 3.19E02 566E02 | 1.28E01 | Not detected
April 2.23E02 4.48E02 | 1.05E01 | Not detected
May -1.68E02 3.37E02 | 1.06E01 | Not detected
June 1.66E02 2.22E02 | 4.07E02 | Not detected
July 4.46E03 2.67E02 | 7.06E02 | Not detected
August -2.23E02 3.17E02 | 1.05E01 Detected
September 1.91E02 3.83E02 | 8.96E02 | Not detected
October -1.10E02 3.11E02 | 9.58E02 | Not detected

November -1.76E02 3.52E02 1.24E01 Not detected
December 1.84E02 9.70E02 2.58E01 Not detected

238y January -1.06E02 8.71E02 | 2.37E01 | Not detected
February 1.77E02 7.89E02 1.98E01 | Not detected

March 5.15E02 9.73E02 | 2.27E01 | Not detected

April 4.81E02 6.14E02 1.35E01 | Not detected

May -5.89E02 7.34E02 1.99E01 | Not detected

June 4.91E02 450E02 | 8.98E02 | Not detected

July -3.60E03 3.29E02 | 8.83E02 | Not detected

August 3.59E02 4.22E02 9.03E02 | Not detected

September 2.05E02 5.43E02 1.31E01 | Not detected

October -2.66E02 5.18E02 1.42E01 | Not detected

November 3.55E02 5.11E02 1.12E01 Not cetected
Deember -1.03E01 1.29E01 3.90E01 | Not cetected
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Table 217: Weekly Activitgoncentrations of3’Cs (Bq/ij) in Station A (PFRHEPA)

filters in 2017

Sample Date 137CBSq'/A‘r§3t'V'ty UEZ,,&?) é\g I?n% Status
January 2017
1stweek 4.49E05 8.34E05 2.80E04 Not detected
2nd week 1.75E05 1.08E04 3.59E04 Not detected
3rd week 2.05E06 8.39E05 2.80E04 Not detected
4th week 1.48E05 5.89E05 1.97E04 Not detected
February 2017
Istweek 1.95E05 8.44E05 2.81E04 Not detected
2nd week -1.80E04 1.11E04 3.72E04 Not detected
3d week -1.41E05 8.62E05 2.88E04 Not detected
4th week 0.00E+00 0.00E+00 0.00E+00 Not detected
March 2017
Istweek 6.74E05 8.23E05 2.73E04 Not detected
2d week 1.17E04 8.54E05 2.82E04 Not detected
3dweek 4.08E05 9.09E05 3.02E04 Not detected
4th week 2.99E05 6.93E05 2.30E04 Not detected
April 2017
Istweek 1.46E05 9.40E05 3.13E04 Not detected
2nd week 8.19E05 1.26E04 4.18E04 Not detected
3rd week 1.01E04 1.09E04 3.59E04 Not detected
4th week 8.05E05 6.70E05 2.21E04 Not detected
May 2017
Istweek 7.27E06 8.17E05 2.72E04 Not detected
2nd week 7.89E05 1.03E04 3.42E04 Not detected
3d week -1.59E04 1.07E04 3.58E04 Not detected
4th week 1.71E04 7.08E05 2.31E04 Not detected
June 2017
1stweek 0.00E+00 0.00E+00 0.00E+00 Not detected
2nd week 9.88E05 9.37E05 3.10E04 Not detected
3dweek 5.47E05 9.11E05 3.02E04 Not detected
4th week 1.02E04 1.19E04 3.93E04 Not detected
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Table 217: Weekly Activitgoncentratons of'3’Cs (Bq/i§) in Station A (PFRHEPA)
filters in 2017(continued)

Sample Date 137CBSq'/A‘r§3t'V'ty UEZ,,&?) é\g I?n% Status
July 2017
Istweek -6.35E04 3.87E04 1.31E03 Not detected
2nd yweek -1.18E04 9.19E05 3.10E04 Not detected
3rd week 2.25E05 8.84E05 2.94E04 Not detected
4th week 1.07E04 6.01E05 1.97E04 Not detected
August 2017
Istweek 3.93E05 9.02E05 3.00E04 Not detected
2nd week -1.45E03 1.13E03 3.85E03 Not detected
3dweek -5.06E04 1.12E03 3.77E03 Not detected
4th week 8.81E04 7.58E04 2.50E03 Not detected
September 2017
Istweek -1.47E04 9.33E05 3.15E04 Not detected
2nd week 4.29E05 1.12E04 3.71E04 Not detected
3dweek 2.60E05 8.82E05 2.94E04 Not detected
4th week 9.71E05 8.50E05 2.81E04 Not detected
October 2017
1stweek 1.64E04 8.58E05 2.81E04 Not detected
2nd yweek -1.74E06 1.18E04 3.94E04 Not detected
3d week 9.62E05 8.77E05 2.90E04 Not detected
4th week 3.61E05 7.76E05 2.58E04 Not detected
November 2017
I1stweek -2.66E05 8.89E05 2.97E04 Not detected
2nd week 1.18E04 1.10E04 3.64E04 Not detected
3d week 9.25E05 9.13E05 3.02E04 Not detected
4th week 8.00E05 8.67E05 2.87E04 Not detected
December 2017
Istweek -7.64E05 9.28E05 3.11E04 Not detected
2nd week 8.68E05 1.12E04 3.70E04 Not detected
3rd week -4.65E05 9.23E05 3.09E04 Not detected
4th week 3.71E05 7.93E05 2.63E04 Not detected
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Table 218: Weekly Activitgoncentrations of%K (Bg/m) in Staton A (PreHEPA) filters in 2017

Sample Date 4OKB':‘;§$”W Ug;h%) é\g I/Dn% Status
January 2017
1stweek 9.72E05 9.95E04 3.33E03 Not detected
2nd week 1.61E03 1.13E03 3.84E03 Not detected
3dweek 2.50E05 1.04E03 3.49E03 Not detected
4th week 7.57E04 6.90E04 2.28E03 Not detected
February 2017
1stweek -1.31E03 1.05E03 3.58E03 Not detected
2nd week 3.97E04 1.06E03 3.53E03 Not detected
3d week -5.33E04 1.04E03 3.49E03 Not detected
4t week 0.00E+00 0.00E+00 0.00E+00 Not detected
March 2017
1stweek -4.32E05 1.01E03 3.39E03 Not detected
2nd week 1.36E03 1.03E03 3.41E03 Not detected
3dweek -1.41E03 1.17E03 3.97E03 Not detected
4th week -6.14E04 8.75E04 2.95E03 Not detected
April 2017
1stweek -1.03E03 1.18E03 4.00E03 Not detected
2nd week 1.19E03 1.23E03 4.07E03 Not detected
3d week -1.56E04 1.36E03 4,58E03 Not detected
4th week 3.05E04 7.81E04 2.61E03 Not detected
May 2017
1stweek -2.50E04 1.04E03 3.49E03 Not detected
2nd week 4.89E04 1.01E03 3.36E03 Not detected
3d week 2.07E05 1.04E03 3.48E03 Not detected
4th week -4.75E04 7.39E04 2.49E03 Not detected
June 2017
1stweek 0.00E+00 0.00E+00 0.00E+00 Not detected
2nd week 9.03E04 1.16E03 3.85E03 Not detected
3d week -2.97E04 1.14E03 3.83603 Not detected
4th week 7.81E04 1.41E03 4.70E03 Not detected

Carlsbad Environmental Monitoring & Research Center7|ROfort(revised)

2-49



WIPP Underground Air Monitoring

Table 218: Weekly Activitgoncentrations ofK (Bg/m) in Staton A (PreHEPA) filters in 2017

(continued)
Sample Date 4OKB';‘/C;'$"W Ulg;/r(rf) é\g I/Dn% Status
July 2017
1stweek -5.04E03 4.84E03 1.64E02 Not detected
2nd week 2.20E04 1.08E03 3.60E03 Not detected
3d week 2.06E03 1.03E03 3.34E03 Not detected
4th week -3.26E04 7.61E04 2.56E03 Not detected
August 2017
I1stweek -4.77E04 1.17E03 3.92E03 Not detected
2nd week -1.45E03 1.13E03 3.85E03 Not detected
39 week -5.06E04 1.12E03 3.77E03 Not cetected
4t week 8.81E04 7.58E04 2.50E03 Not detected
September 2017
1stweek -2.20E03 1.17E03 3.97E03 Not detected
2nd week -1.12E04 1.BEO03 3.64E03 Not detected
3dweek 6.11E04 1.06E03 3.53E03 Not detected
4th week -5.33E04 8.78E04 2.96E03 Not detected
October 2017
Istweek -2.10E04 1.04E03 3.49E03 Not detected
2nd week -1.66E03 1.22E03 4.13E03 Not detected
3d week -2.01E04 1.09E03 3.67E03 Not detected
4th week 1.10E04 7.52E04 2.52E03 Not detected
November 2017
1stweek -5.82E04 1.11E03 3.74E03 Not detected
2nd week 6.19E04 1.07E03 3.57E03 Not detected
3dweek 7.58E04 1.13E03 3.77E03 Not detected
4th week -1.57E03 9.04E04 3.06E03 Not detected
December 2017
1stweek 5.56E04 1.12E03 3.72E03 Not detected
2nd week -9.75E05 1.13E03 3.78E03 Not detected
3d week -1.02E03 1.15E03 3.87E03 Not detected
4th week -1.21E03 8.17E04 2.76E03 Not detected
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Table 219: Weekly Activitgoncentrations of°Co (Bg/r¥) in Station A (Pré1EPA)

filters in 2017

Sample Date Gocgq'?ggv'ty Ulg;/r(r?) é\g I/Dn% Status
January 2017
Istweek 3.94E05 8.31E05 2.80E04 Not detected
2nd week 9.41E05 8.95E05 3.04E04 Not detected
3d week 3.38E05 8.68E05 2.93E04 Not detected
4th week 3.45E05 6.16E05 2.08E04 Not detected
February 2017
Istweek -1.87E04 9.19E05 3.15E04 Not detected
2nd week -5.86E05 9.06E05 3.06E04 Not detected
3dweek 3.73E06 8.55E05 2.87E04 Not detected
4th week 0.00E+00 0.00E+00 0.00E+00 Not detected
March 2017
Istweek -1.43E04 8.81E05 3.01E04 Not detected
2d week -3.63E05 8.49E05 2.87E04 Not detected
3dweek -6.24E05 9.79E05 3.31E04 Not detected
4th week -3.61E05 7.18E05 2.42E04 Not detected
April 2017
1st week 1.22E04 9.10E05 3.00E04 Not cetected
2nd week -9.33E05 1.04E04 3.52E04 Not detected
3dweek -6.50E05 1.12E04 3.80E04 Not detected
4th week -2.38E05 6.76E05 228E04 Not detected
May 2017
Istweek -1.06E04 8.51E05 2.89E04 Not detected
2nd week -1.23E04 8.75E05 2.98E04 Not detected
3d week -2.43E05 8.37E05 2.82E04 Not detected
4th week -4.69E05 5.99E05 2.03E04 Not detected
June 2017
1stweek 0.00E+00 0.00E+00 0.00E+00 Not detected
2nd week -7.07E05 1.05E04 3.55E04 Not detected
3rd week -4.40E05 9.68E05 3.26E04 Not dcetected
4th week -1.46E04 1.32E04 4.47E04 Not detected
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Table 219: Weekly Activitgoncentrations of°Co (Bg/rf) in Station A (PrHEPA)
filters in 2017(continued)

Sample Date Gocgq'?ggv'ty Ulg;/r(r?) é\g I?n% Status
July 2017
I1stweek -4.87E04 4.06E04 1.38E03 Not detected
2nd week 8.86E06 9.68E05 3.24E04 Not detected
39 week -9.44E06 9.17=05 3.08E04 Not detected
4th week 1.92E05 6.42E05 2.15E04 Not detected
August 2017
1stweek -2.10E04 9.89E05 3.39E04 Not detected
2nd week 9.17E05 9.45E05 3.13E04 Not detected
3d week -4.59E05 9.61E05 3.24E04 Not detected
4t week 1.37=05 6.43E05 2.15E04 Not detected
September 2017
1stweek 3.53E05 9.16E05 3.06E04 Not detected
2nd week -1.88E04 9.61E05 3.29E04 Not cetected
3dweek -6.81E05 9.64E05 3.26E04 Not detected
4th week 1.11E05 7.47E05 2.50E04 Not detected
Cctober 2017
1stweek -1.18E04 9.52E05 3.24E04 Not detected
2nd week -8.74E05 1.02E04 3.44E04 Not detected
3d week -2.71E04 1.00E04 3.45E04 Not detected
4t week -6.79E06 6.56E05 2.21E04 Not detected
November 2017
1stweek -2.06E04 9.33E05 3.20E04 Not detected
2nd week -3.04E05 9.29E05 3.13E04 Not detected
3d week -5.37E07 9.20E05 3.09E04 Not detected
4th week 7.55E06 7.49E05 2.51E04 Not detected
December 2017
1stweek -1.52E04 9.53E05 3.25E04 Not detected
2nd week 399E05 9.29E05 3.10E04 Not detected
3dweek -8.00E05 9.68E05 3.27E04 Not detected
4th week 4.53E05 6.49E05 2.16E04 Not detected
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Table 220: WeekhBpecific Activityf 13’Cs (Bg/g) in Stan A (PreHEPA) filters in 2017

Sample Date 137C;2;:gt|wty Unlgd /(g%) II\B/IqD/;: Status
January 2017
Istweek 3.56E01 6.62E01 2.22E+00 Not detected
2d week 1.18E01 7.27E01 2.42E+00 Not detected
3dweek 2.75E02 1.13E+00 3.76E+00 Not detected
4th week 1.45E01 5.78E01 1.93E+00 Not detected
February 2017
1stweek 1.50E01 6.48E01 2.16E+00 Not detected
2nd week -1.65E+00 1.02E+00 3.42E+00 Not detected
3d week -1.22E01 7.47E01 2.49E+00 Not detected
4t week 0.00E+00 0.00E+00 0.00E+00 Not detected
March 2017
1stweek 1.03E+00 1.26E800 4,18E+00 Not detected
2nd week 1.82E+00 1.33E+00 4.40E+00 Not detected
3dweek 6.84E01 1.53E+00 5.07E+00 Not detected
4th week 3.30E01 7.65E01 2.54E+00 Not detected
April 2017
I1stweek 1.09E01 7.03E01 2.34E+00 Not detected
2nd week 1.00E+00 1.54E+00 5.10E+00 Not detected
3d week 2.93E+00 3.15E+00 1.04E+01 Not detected
4th week 1.72E+00 1.43E+00 4,73E+00 Not detected
May 2017
1stweek 1.95E01 2.20E+00 7.32E+00 Not detected
2nd week 4.27E+00 5.58E+00 1.85E+01 Not detected
3dweek -3.%E+00 2.64E+00 8.87E+00 Not detected
4th week 2.65E+00 1.10E+00 3.58E+00 Not detected
June 2017
1stweek 0.00E+00 0.00E+00 0.00E+00 Not detected
2nd week 1.13E+00 1.07E+00 3.54E+00 Not detected
3d week 5.46E01 9.09E01 3.02E+00 Not detected
4th week 1.12E+00 1.30E+00 4.32E+00 Not detected
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Table 220: WeekhBpecific Activityof 13’Cs (Bg/g) in Stan A (PreHEPA)
filters in 2017(continued)

187Cs Activi Unc. (3 MDC
Sample Date Ba/g v Bq /(g ) Ba/g Status
July 2017

1stweek -2.01E+01 1.22E+Q 4.13E+01 Not detected

2nd week -1.43E+00 1.12E+00 3.76E+00 Not detected

3d week 3.03E01 1.19E+00 3.95E+00 Not detected

4t week 9.95E01 5.59E01 1.83E+00 Not cetected

August 2017

1stweek 6.79E01 1.56E+00 5.18E+00 Not detected

2nd week -1.93E+Q 1.51E+01 5.12E+01 Not detected

3d week -5.33E+00 1.18E+01 3.97E+01 Not detected

4th week 1.41E+01 1.21E+01 3.99E+01 Not detected
September 2017

1stweek -3.36E+00 2.14E+00 7.22E+00 Not detected

2nd week 9.73E01 2.53E+00 8.41E+00 Not detected

3d week 7.47E01 2.54E+00 8.44E+00 Not cetected

4t week 2.11E+00 1.84E+00 6.09E+00 Not detected

October 2017

Istweek 2.29E+00 1.20E+00 3.94E+00 Not detected

2nd week -2.15E02 1.46E+00 4.86E+00 Not detected

3d week 1.69E+00 1.54E+00 5.10E+00 Not deteded

4th week 4.10E01 8.81E01 2.92E+00 Not detected
November 2017

1stweek -4.40E01 1.47E+00 4.91E+00 Not detected

2nd week 1.32E+00 1.24E+00 4.09E+00 Not detected

3d week 4.39E01 4.33E01 1.43E+00 Not detected

4t week 1.51E+00 1.63E+00 5.40E+00 Not detected
December 2017

1stweek -1.24E+00 1.51E+00 5.05E+00 Not detected

2d week 9.88E01 1.27E+00 4.21E+00 Not detected

3dweek -6.91E01 1.37E+00 4.60E+00 Not detected

4th week 7.31E01 1.56E+00 5.18E+00 Not detected

2-54

Carlsbad Environmental Monitoring & Research Center7|ROfort (revised)




WIPP Underground Air Monitoring

Table 221: Weekf Specific Activityof 4K (Bg/g) in Stadn A (PreHEPA) filters in 2017

Sample Date 40K;‘q c;gwty Ungd /(gES) II\B/IqD/;: Status
January 2017
1stweek 7.72E01 7.91E+00 2.65E+01 Not detected
2nd week 1.08E+01 7.63E+00 2.58E+01 Not detected
3d week 3.35E01 1.40E+01 4.68E+01 Not detected
4t week 7.43E+00 6.77E+00 2.24E+01 Not detected
February 2017
1stweek -1.01E+01 8.10E+00 2.75E+01 Not detected
2nd week 3.64E+00 9.72E+00 3.24E+01 Not detected
3d week -4.62E+00 8.97E+00 3.02E+01 Not detected
4t week 0.00E+00 0.00E+00 0.00E+00 Not detected
March 2017
1stweek -6.62E01 1.55E+01 5.20E+01 Not detected
2nd week 2.12E+01 1.61E+01 5.31E+01 Not detected
3dweek -2.37E+01 1.96E+01 6.66E+01 Not detected
4th week -6.78E+00 9.67E+00 3.26E+01 Not detected
April 2017
I1stweek -7.72E+00 8.85E+00 3.00E+01 Not detected
2nd week 1.45E+01 1.50E+01 4.96E+01 Not detected
3d week -4.54E+00 3.97E+01 1.33E+02 Not detected
4t week 6.53E+00 1.67E+01 5.58E+01 Not detected
May 2017
1stweek -6.71E+0 2.79E+01 9.38E+01 Not detected
2nd week 2.64E+01 5.44E+01 1.81E+02 Not detected
3d week 5.12E01 2.58E+01 8.63E+01 Not detected
4th week -7.36E+00 1.15E+01 3.86E+01 Not detected
June 2017
1stweek 0.00E+00 0.00E+00 0.00E+00 Not detected
2nd week 1.03E+01 1.32E+01 4.39E+01 Not detected
3d week -2.96E+00 1.14E+01 3.82E+01 Not detected
4th week 8.58E+00 1.55E+01 5.17E+01 Not detected
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Table 221: WeeklhSpecific Activityof 4K (Bg/g) in Stadn A (PreHEPA)

filters in 2017(continued)

40K Activi Unc. (3 MDC
Sampe Date Ba/g ty Bq /(g ) Ba/g Status
July 2017

1stweek -1.59E+02 1.53E+02 5.18E+02 Not detected

2nd week 2.67E+00 1.31E+01 4.37E+01 Not detected

3d week 2.77E+01 1.38E+01 4.49E+01 Not detected

4th week -3.03E+00 7.07E+00 2.38E+01 Not detected

August 2017

I1stweek -8.24E+00 2.01E+01 6.76E+01 Not detected

2nd week -1.93E+01 1.51E+01 5.12E+01 Not detected

39 week -5.33E+00 1.18E+01 3.97E+01 Not detected

4t week 1.41E+01 1.21E+01 3.99E+01 Not detected
September 2017

1stweek -5.04E+01 2.67E+01 9.10E+01 Not detected

2nd week -2.53E+00 2.46E+01 8.24E+01 Not cetected

3dweek 1.75E+01 3.05E+01 1.02E+02 Not cetected

4th week -1.16E+01 1.91E+01 6.42E+01 Not detected

October 2017

1stweek -2.94E+00 1.45E+01 4.89E+01 Not detected

2nd week -2.05E+01 1.51E+01 5.10E+01 Not detected

39 week -3.53E+00 1.92E+01 6.46E+01 Not detected

4th week 1.25E+00 8.53E+00 2.86E+01 Not detected
November 2017

1stweek -9.62E+00 1.84E+01 6.19E+01 Not detected

2nd week 6.96E+00 1.21E+01 4.02E+01 Not detected

3dweek 3.59E+00 5.38E+00 1.79E+01 Not detected

4th week -2.95E+01 1.70E+01 5.76E+01 Not detected
December 2017

Istweek 9.02E+00 1.81E+01 6.03E+01 Not detected

2nd week -1.11E+00 1.28E+01 4.30E+01 Not detected

3d week -1.51E+01 1.71E061 5.76E+01 Not detected

4th week -2.39E+01 1.61E+01 5.44E+01 Not detected
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Table 222: WeekhSpecific Activityof 60Co (Bg/g) in Stain A (PreHEPA) Filters in 2017

Sample Date GOCOBQZ;'V'W Ungd /(gES) II\B/IqD/;: Status
January 2017
1% week 3.12E01 6.60E01 2.23E+00 Not detected
2nd week 6.33E01 6.03E01 2.04E+00 Not detected
3dweek 4.54E01 1.16E+00 3.92E+00 Not detected
4th week 3.39E01 6.04E01 2.04E+00 Not detected
February 2017
1stweek -1.44E+00 7.05E01 2.42E+00 Not detected
2nd week -5.39E01 8.32E01 2.81E+00 Not detected
3d week 3.23E02 7.41E01 2.49E+00 Not detected
4t week 0.00E+00 0.00E+00 0.00E+00 Not detected
March 2017
1stweek -2.20E+00 1.35E+00 4.61E+00 Not detected
2nd week -5.67E01 1.32E+00 4.47E00 Not detected
3dweek -1.05E+00 1.64E+00 5.55E+00 Not detected
4th week -3.99E01 7.93E01 2.68E+00 Not detected
April 2017
1stweek 9.13E01 6.81E01 2.25E+00 Not detected
2nd week -1.14E+00 1.27E+00 4.30E+00 Not detected
3d week -1.89E+00 3.27600 1.10E+01 Not detected
4t week -5.10E01 1.45E+00 4.88E+00 Not cetected
May 2017
1stweek -2.86E+00 2.28E+00 7.78E+00 Not detected
2nd week -6.65E+00 4.73E+00 1.61E+01 Not detected
3d week -6.03E01 2.07E+00 6.98E+00 Not detected
4th week -7.26E01 9.28E01 3.14E+00 Not detected
June 2017
1stweek 0.00E+00 0.00E+00 0.00E+00 Not detected
2nd week -8.07E01 1.20E+00 4.05E+00 Not detected
3d week -4.39E01 9.65E01 3.26E+00 Not detected
4th week -1.60E+00 1.45E+00 4.92E+00 Not detected
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Tadle 222 WeeklySpecific Activityof 69Co (Bg/g) in Station @reHEPA) filters in 2017

(continued)
60Co Activi Unc. (3 MDC
Sample Date Balg v Bq /(g ) Ba/g Status
July 2017
I1stweek -1.54E+01 1.28E+01 4.36E+01 Not detected
2nd week 1.08E01 1.17E+00 3.94E+00 Not detected
3d week -1.27E01 1.23E+00 4,14E+00 Not detected
4th week 1.79E01 5.97E01 2.00E+00 Not detected
August 2017

1stweek -3.63E+00 1.71E+00 5.85E+00 Not detected
2nd week 1.22E+00 1.26E+00 4.17E+00 Not detected
3d week -4.83E01 1.01E+00 3.41E+00 Not detected
4t week 2.19E01 1.03E+00 3.43E+00 Not detected

September 2017
1stweek 8.09E01 2.10E+00 7.02E+00 Not detected
2nd week -4.26E+00 2.18E+00 7.47E+00 Not detected
3dweek -1.96E+00 2.77E+00 9.37E+00 Not detected
4th week 2.40E01 1.62E+00 5.43E+00 Not detected

October 2017

1stweek -1.66E+00 1.33E+00 4,54E+00 Not detected
2nd week -1.08E+00 1.25E+00 4.25E+00 Not detected
3d week -4.76E+00 1.77E+00 6.07E+00 Not detected
4th week -7.71E02 7.45E01 2.50E+00 Not detected

November 2017
1stweek -3.41E+00 1.54E+00 5.29E+00 Not detected
2nd week -3.42E01 1.05E+00 3.52E+00 Not detected
3d week -2.55E03 4.37E01 1.47E+00 Not detected
4t week 1.42E01 1.41E+00 4.73E+00 Not detected

December 2017
I1stweek -2.46E+0 1.55E+00 5.27E+00 Not detected
2nd week 4.54E01 1.06E+00 3.53E+00 Not detected
3d week -1.19E+00 1.44E+00 4.87E+00 Not detected
4th week 8.92E01 1.28E+00 4.25E+00 Not detected
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Table 223: Monthly Activityconcentrations of3’Cs (Bg/f) in Station B (PosHEPA)
filters in 2017

Radionuclides Sgr;tzle Ag(;m;y Ugg/r('?) é\g I?n% Status
137Cs January 2.44E05 1.77E05 5.85E05 | Not detected
February -2.24E05 2.65E05 8.88E05 | Not detected
March 1.55E05 2.34E05 7.75E05 | Not detected
April -1.72E05 1.98E05 6.64E05 | Not detected
May 3.37E06 2.35E05 7.83E05 | Not detected
June 5.56E05 2.39E05 7.79E05 | Not detected
July 2.85E05 2.33E05 7.69E05 | Not detected
August 2.86E06 2.00E05 6.65E05 | Not detected
Sepember -3.40E06 2.51E05 8.39E05 | Not detected
October 9.22E06 2.03E05 6.74E05 | Not detected
November 2.61E05 2.05E05 6.75E05 | Not detected
December -3.46E05 2.13E05 7.17E05 | Not detected

Table 224: Monthly Activityconcentrations of% (RBy/md) in Station B (PosHHEPA)
filters in 2017

Radionuclides nggle Agct;/\g;y USCCI/ET?) B'\g I/Dn% Status
40K January -1.58E05 2.23E04 7.48E04 Not detected
February 1.33E04 2.41E04 8.03E04 Not detected
March 1.75E04 2.28E04 757E04 Not detected
April 1.11E06 2.35E04 7.87E04 Not detected
May 1.41E04 2.25E04 7.48E04 Not detected
June -3.58E04 3.16E04 1.07E03 Not detected
July -2.60E04 3.04E04 1.03E03 Not detected
August 5.11E05 2.40E04 8.03E04 Not detecied
September -1.18E04 2.59E04 8.71E04 Not detected
October -2.73E04 2.51E04 8.51E04 Not detected
November -3.02E04 2.68E04 9.07E04 Not detected
December 7.37E06 2.49E04 8.34E04 Not detected

Carlsbad Environmental Monitoring & Research Center7|ROfort(revised) 2-59



WIPP Underground Air Monitoring

Table 225: Monthly Activityconcentations ofé%Co (Bg/r#) in Station B (PostEPA)
filters in 2017

Radionuclides Sgr:tgle Ag(;'/\r/,::gy Ugg/f\?) E’:g ?ng Status
%0Co January -3.43E06 1.84E05 6.20E05 | Not detected
February -7.85E06 2.08E05 7.00EO5 | Not detected
March 9.67E06 1.92E05 6.41E05 | Not detected
April -2.40E05 2.02E05 6.88E05 | Not detected
May -2.29E05 1.98E05 6.71E05 | Not detected
June 1.64E05 2.50E05 8.33E05 | Not detected
July -1.81E05 2.72E05 9.19E05 | Not detected
August -3.74E05 2.16E05 7.39E05 | Not detected
September -3.10E05 2.26E05 7.71E05 | Not detected
October -2.08E05 2.17E05 7.34E05 | Not detected
November -1.86E05 2.17E05 7.34E05 | Not detected
December -1.71E05 2.06E05 6.99E05 | Not detected

Table 226: MonthlySpecific Activityof 13’Cs (Bq/g) in Stath B (PosHEPA) filters in 2017

Radionuclides Sgggle A;t(lq\;gy Ugcq}g%) gqu/g Status
187Cs January 7.10E+00 5.17E+00 | 1.70E+01 | Not detected
February -4.61E+00 5.47E+00 | 1.83E+01 | Not detected
March 3.30E+00 497E+00 | 1.65E+01 | Not detected
April -2.66E+00 3.05E+00 | 1.03E+01 | Not detected
May 3.72E01 2.60E+00 | 8.66E+00 | Not detected
June 6.50E+00 2.80E+00 | 9.12E+00 | Not detected
July 3.31E+00 2.71E+00 | 8.94E+00 | Not detected
August 4.27E01 2.9&+00 9.93E+00 | Not detected
September -6.21E01 4.60E+00 | 1.54E+01 | Not detected
October 2.01E+00 4.43E+00 | 1.47E+01 | Not detected
November 7.30E+00 5.73E+00 | 1.89E+01 | Not detected
December -1.01E+01 6.19E+00 | 2.09E+01 | Not detected
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Table 227: Morthly Specific Activityof 4K (Bg/g) in Stabin B (PosHEPA) filters in 2017

Radionuclides Sgr;tzle A;t(;\//gy Ug;/(gz) II\B/IqD/;: Status
40K January -4.62E+00 6.50E+01 | 2.18E+02 | Not detected
February 2.75E+01 497E+01 | 1.66E+02 | Not detected
March 3.71E+01 4.84E+01 1.61E+02 | Not detected
April 1.71E01 3.63E+01 | 1.22E+02 | Not detected
May 1.56E+01 2.49E+01 8.28E+01 | Not detected
June -4.19E+01 3.70E+01 | 1.25E+02 | Not detected
July -3.03E+01 3.53E+01 | 1.19E+02 | Not detected
August 7.62E+00 358E+01 | 1.20E+02 | Not detected
September -2.15E+01 4. 74E+01 | 1.59E+02 | Not detected
October -5.97E+01 5.49E+01 | 1.86E+02 | Not detected
November -8.46E+01 7.50E+01 | 2.54E+02 | Not detected
December 2.15E+00 7.25E+01 | 2.43E+02 | Not detected

Table 228: MontHy Specific Activityf 6°Co (Bg/g) in Staih B (PosHEPA) filters in 2017

: : Sample Activit unc.(3 MDC
Radionuclides Datg Bq /gy qug ) Ba/g Status
50Co January -9.99E01 5.37E+00 | 1.81E+01 | Not detected
February -1.62E+00 4.28E+00 | 1.44E+01 | Not detected
March 2.05E+00 4.08E+00 1.36E+01 | Not detected
April -3.71E+00 3.13E+00 1.06E+01 | Not detected
May -2.54E+00 2.19E+00 | 7.43E+00 | Not detected
June 1.92E+00 2.93E+00 | 9.75E+00 | Not detected
July -2.10E+00 3.16E+00 1.07E+01 | Not detected
August -5.58E+00 3.23E+00 | 1.10E+01 | Not detected
September -5.68E+00 4.14E+00 | 1.41E+01 | Not detected
October -4.53E+00 4.73E+00 1.60E+01 | Not detected
November -5.21E+00 6.07E+00 2.06E+01 | Not detected
December -4.97E+00 6.01E+00 2.04E+01 | Not detected
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CHAPTER
Ambient Air Monitoring

Ambient air monitoring essenti al |IApmbiemteans t
airmonitoringn et wor ks are an i mportant part of a fac
They monitor for both routine and unforeseen askesyerify that the facility is in compliance
with the public radiological dose liraé&ind are used to assess impaatthe environment over
time. Additionally, they can also provide a precautionary measure in the event of accidental
releases of radiativity. The overall effectiveness of armionitoring network is dependent on
the number and placement of samplers, flow rates and sampling times of the samplers, and
analytical methods used to measure radionucliddinir. The CEMRC operates a nétvof
continuously operating samplers at three locations in the vicinity of the WIPP site to monitor
radioactive constituents in the ambieait. These monitoring stations are located at: (1) Onsite,
which is 0.1 km northwest of the WIPP exhaust sf@ftNear Field, about 1 km northwest of the
facility; and (3) Cactus Flats, about 19 km southeast of the WIPRdligonally three new sets
of high-volume air samplers were installed following the 2014 underground radiation release
event and are locateat: (1) Carlsbad (behind the CEMRC facility), (2) south side of, bading
(3) east side of the WIPP facility near the WIPIe ambient air monitoring sites nearest the
WIPP facility are located in the most prevalent wind directions from the faciigreas the
ambient air monitoring sites in Loving and Carlsbadoapeovide additionainformation to area
residents in the event of a future radiation release event and to maintain public assurance since
Loving and Carlsbad are the two nearest comnasnstirroundinghe WIPP.

The program is designed to detect radioactive materials in the air in case of an emergency
response situatiodmbient air monitoring is an important aspect of the CEMRC environmental
monitoring program that seeks to monitor theurce of radionuclides in the WIPP environment,
to detect any release of radioactive materials into the environment from the \aER&d
activities, and to ensure the protection of human and environmental health.

The radionuclides of greatest concierthe WIPP aré®®+24Pu and?®*?Am, which account
for more than 99% of the total radioactivity slated for disposal within the repository. According
to current estimates, the WIPP repository will contain approxima%&y104 kg of Pu isotopes
and336kg of 24IAm DOE, 2018In this context, the variation in concentrations of these
radionuclides in the WIPP environment is important not only because they are the main
components of the WIPP wastes, but also because of their global background activitgeSince
first nuclear test in New Mexico in 1945, approximately 11 PB§*6fPu has beemjected
into the atmosphere (Perkins and Thomas 1980; UNSCEAR, 2000). In @édrBaq of3&Pu
were released over the south Pacific in the fajiude destrution of the SNAPA satellite
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power source in 1964 (Hardy et al., 1973; Krey, 1968). Most of the global fallout was deposited in
the northern hemispheréhe majority ofwhichwas deposited in the middle latitudes.

Currently 238Pu,23%Py and?4%Pu isobpes can be measured as traces in environmental
samples, with &88Puf3+24Pu activity ratio of 0.03 at mean latitudes of°4B0° N indicating
their global origin (UNSCEAR, 2000). At present, almost all plutonium being introduced into the
atmosphere cahe found in the surface seibr oceans. Depending on meteorological conditions,
physiochemical properties of soil, and human activity, plutonium can migrate vertically with
various rates, can be transported into plaotsan become reuspended into thair with
eroded soil particles. These aesxsah be trapped on a filter in an air monitoring station or
subjected to wasldown from the atmosphere with precipitation (i.e. rainfall or snowfall). Air
samples can thus give information about activity ebeith in the air and soil of a particular
area, and allow evaluation of seasonal variations of plutonium in the air.

Atmospheric concentration of Plutonium in the Northern
Hemisphere

Plutonium is not naturally present in measurable quantities in theesndir. With few
exceptions, nuclear weapon testing was by far the main source of plutonium in ambient air, but
the amount of plutonium remaining in the atmosphere today from these tests is small because
most of the radioactivity has been deposited omghound as fallout (Lee et al., 198frley,

1980, Perkins and Thomas, )98mncentrations of plutonium in surface air were not
systematically monitorefriom 1959to 1964duringthe periodof the heaviest contributions

from global fallout.The °°Sr gldoal fallout pattern is similar to that of plutonium isotopes, with
an averagé3?+24Py t02°Sr global activity ratio of about 0.025 (decay corrected to 2000) based
on the normalized production rate féiSr and plutonium isotopes in nuclear explosions
(UNSCEAR, 2000). PAE24®Pu to%Sr ratio method (Bennett 1978) is generally utilized to make
good estimates of the plutonium concentrations in air.

The current concentration 8%°*24Pu in ambient air is about ~1000 times lower than
levels measured dog the early 1960s and 1970s. During these decades, plutonium
concentrations in surface air were highly variablestrerateasongincludingcontinued
contributions from weapons testing and the recycling of deposited plutonium back into the
atmosphereia re suspension of contaminant soil. Furthermore, the fallout radionuclides were
not deposited evenly over the earth and are known to vary with latitude, being highest in the
middle latitudes of the northern hemisphere. The measurement of soil invehessaown that
the weapons fallout tended to deposit in areas with abundant rainfall. This heterogeneity is due
to the fact that wet deposition more effectively removed the radioactive particles from the
atmosphere than dry deposition (Hardy et al., .93 Chernobyl accident in April 1986
released about 70 TBq of the plutonium isotapkiehincreased the concentration °+24Pu
in surface air during 198@987, especially in Europand contributed slightly to the plutonium
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global inventory (UNSCEA000). However, following a peak in 1986, the concentrations of
239+24Ppy are shown thavecontinuouslydecreasedn order to establish an environmental
baseline of39+24Py deposition, timseries data of plutonium are importanttasy provide
information about the factors that control the past and present concentrations of plutonium in
the atmosphere. Such data are also important in understanding theédamghistory of

plutonium in the environment.

While the current atmospheric plutonium datad those collected during the era of
aboveground nuclear weapons testing both show springtime peaks, the causes for the cycles are
likely quite different. Studies conducted prior to the end of the atmospheric weapons testing
showed thathe seasonal cyelof plutonium concentrations (highest in spring and lowest in
summer) is associated with enhanced transport of radioactive aerosols from the stratosphere
the troposphere. However, after the cessation of nuclear weapons testing in 1980 and with a
compaatively small additional input from the Chernobggst of theplutonium in the air today
is associated with rsuspension spwhich is contaminated from weapons fallout. As mentioned
earlier, resuspension is considered to be the predominant mechamismaitaining the small
residual plutonium in the surface air samples. The importancesapension as a mechanism
for recycling plutonium back into the atmosphere has been discussed in many publications
(Rosner et al., 1997; Arimoto et al., 2005) g&neral discussion on transuraniestespension
has been thoroughly reviewed $ghme(1987). On the other hand, Nichol4@888 has
reviewed resuspension of radionuclig@scluding plutonium in contaminated areas, which are
usually arid or semiari@gions. The ¥suspension is dependent on current meteorological
conditions. Windy, dry days can increase the sailispension, whereas precipitation (rain or
snow) can wash particulate matter out of the air and decrdhseaate of re suspension.

Animportant finding of theseearlier studies was that the activity of Pu and the
concentration of Al in aerosols were correlated and this was driven by sispension of dust
particles contaminated with radioactive fallout from past nuclear weapons$esitar results
were found for Am and Al. Related studies of soils collected on and near the WIPP site have
shown that correlations exist among Al and both natwadlgurring and bomtalerived
radionuclides including?®*24®u (Kirchner et al., 2002). Eave briefly review the methods used
for the ambient aerosol studies and then summarize some recent results, highlighting the
continuing efforts to evaluate potential releases from the WIPP.

Sampling Locations

At the CEMRC, ambient aerosols arecelldct usi ng hi gh vol ume samp
rate ~1.13 mmin?) from three monitoring stations: (1) Onsite, which is about 0.1 km northwest
of the WIPP exhaust shaft; (2) Near Field, about 1 km northwest of the facility; and (3) Cactus
Flats, about 19k southeast of the WIPP site. The locations of the three ambient air sampling
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stations are depicted in Figurel3The samplers are primarily located in the prevailing downwind
direction and were selected based on an analysis of probablalinéction andspeed scenarios

in case of an accident involving a release of radioactivity during the operation of the WIPP. The
aerosol samples were collected on 20x25 cm A/ETM glass fiber filters (Pall German Laboratory,
Ann Arbor, MI, pore size 1um). A typical sarggeriod lasts for about three to four weeks
depending on the levels of particulate matter that accumulates on the filters. These samplers are
operated to maximize particulate loading without impacting airflow, if flow volume drops down
to 0.99 n¥/min filters are changed. Filter change outs also occur in the event of a power outage
or if a sampler stops due to some mechanical issue. Each filter is weighed before and after
sampling to determine the weight of aerosol material collected on the filters.d&céinalyses

were performed on each individual filter by the CEMRC. As shown in Fiyure3ampling

height of each aerosol station is ~5 m from the ground.

Following the underground radiation release event of 2014, the CEMRC added three
additional hgh-volume sampling stations to provide additional information to area residents in
the event of a future radiation release. The new sampling stations are located in : (1) Carlsbad,
behind the CEMRC facility, about 56 km northwest of the WIPP site; (® saouth side of
Loving, about 47 km southwest of the WIPP facility, and (3) on the east side of the WIPP facility
near the WIPP meteorological station, about 0.3 km east of the WIPP facility. These sampling
locations are shown in Figure33 Aerosol sanes are currently only collected from two sites
(Loving and Carlsbad). The third lngttume sampling station located on the east side of the
WIPP was not fully deployed until the summer of 2017.
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Figure 31: Ambient Aerosol Sampling Location®(Ro Radiation Release 2014)
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Figure 32: Typical WIPP Site High Volume Air Sampling Station

Figure 33: Ambient Aerosol Sampling Locations (Post Radiation Release)
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Sample Preparation

The highvolume sampleareanalyzed for selected radiaclides, including®®u,
239+24py 241Am, and recently?3%U, 234, and 238U followingsixhours of heating in a muffle
furnace at 500° C to drive off organics. Once heated in the muffle furnace, eads titen
digested with a strong acid mixture dCI+HF+HCk@o aid in the complete decomposition of
silica. Samplese then treated with conc. HGl@&d HN@for the removal of fluoride ions. The
inside walls of the beakare rinsed carefully with HN®@o gather residual HF and evaporatisn
repeatel to ensure that all residual HF is removed from the matrix. The reaiedlesn
dissolved in 1.0 M HCI for subsequent radionuclide separation and analysis. The acid digestates of
the filter composite samplese then split into two fractions. One fragtiis analyzed by gamma
spectroscopy fot’K,89Co, and3’Cs. The other fractias analyzed for the actinides. The
actinides are separated as a group byripitation on Fe(O&)Pu isotopes are separated and
purified using a twecolumn anion exchangesin (Dowexk 8, Eichrom, 16@00 mesh), while
TRU chromatography colurane used for the separation of Am. The sangokethen micreco-
precipitated using an Ndarrier, deposited onto filters, mounted on planchettes, and counted by
Alpha spectroscggfor five days. Gammamitting nuclides in the air filterare measured using a
high purity germanium detector, HpGe (Canberra) for 48 hours.

Data Reporting

The activities of the actinides and gamma radionuclides iagf@sokamples are
reported asctivity concentration (Bg/fh andspecificactivity (Bg/g). Activity concentration is
calculated as the activity of radionuclides detecteBeoquereléBq) divided by the volume of
air in cubic meters, whilgpecificactivity is calculated as the nuddis activity divided by the
aerosol mass in grams collected on the filter.

Results and Discussion

TheCEMRC detected trace level3*tim and?3%+24Pu at two sampling locations (Onsite
and Near Field) in February 2014 immediately following the Felddua2914underground
radiation release event at the WIPP. No radioactivity was detedtegl@actus Flats Station
located approximately 19 km southeast of the WIPP facility. The highest concentrations detected
were 10.2 uBqg/Afor 239+24Py and 115.Bg/n? for 24’Am at the Onsite sampling Station, and
81.4 uBg/radfor 242Am and 5.78 uBgfior 239+24Py at the Near Field Station (shown in Figures
3-4 and 35). The levels detected were very low and localwegdiationrelated health effects
among l@al workers or the public are expected. ZFkem t0239+24Py ratios of the elevated
airborne radioactive concentrations are generally consistent with the waste stream suspected to
have been released at WIPP. A week after the event the airborne radipadiculate levels at
these stations had decreased bgcior of 10Q and two weeks later the levels at these stations
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stations in the vicinity of the WIPP site
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were back to the preelease levels and sometimes not even detectable, demonstrating-no long
term environmental impacts remain frometB014 underground radiation release event at the

WIPP.

Figure 34: The Preand Postradiological evem®®*24Pu concentrations in ambient air at three

3-7

Sampling Year
stations in the vicinity of the WIPP site

Figure 35: The Preand Postradiological ever@Am concentrations in ambient air at three
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The concentrations 8#°*24Pu,24Am and?*®u measured in the ambient air filters
during 2017 are listed in Tabled 30 3-3 (Onsite Station), Tablegl3o 3-6 (NearField Station)
and Tables-3 to 3-9 (Cactus Flats Station). PHAmM and?39+24Py concentrations slightly
above minimum detectable levels were detected in a few ambient air samples collected around
WIPP in 2017 and are attributed to thesespension afontaminated soil dust plus the local
precipitdion to some extent. Studies conducted prior to the end of atmospheric weapons testing
showed that Pu activities varied seasonally, being highest in spring and summer because of the
enhancedpringtime transprtation of radioactive aerosols from the stratospherthéo
troposphere. However, with the cessation of nuclear weapons tests and considering the residence
time of Pu in the atmosphere is on the order of a year, the stratospheric deposition of
radionucldes, including Pu, is no longer a dominant factor for the Pu concentration in air.
Additionally, the Chernobyl nuclear power plant accident that occurred in April 1986 did not
bring significant amounts of Pu to this area. Thereforsuspension iselievedto be the main
source of Pu in the aerosol samples around the WIPP.

The WIPP¥%s historical ambient air monitori
239+24py anc?*?Am in ambientaerosokamples collectesh filtersaroundthe WIPP (Figures8
and 3-5). The detection @f%Pu is relatively infrequent because this radionuclide is not primarily
from weapons fallout, but was released by the huyprof nuclearpowered satellites such as
SNAP9A (Hardy et al., 1973, Harley 1980). Peak8'#%Pu aml 24lAm activity concentrations in
aerosol samples from the three study sites generally occur from March to June, which is when
strong and gusty winds in the area frequently give rise to blowing dust. The observed seasonality
in plutonium and americium agtty concentrations in the WIPP environmenthisrefore
attributable to the resuspension of contaminated soil dust. In cases w#ene was detected,
its activity tended to increase wi##+24®Pu, suggesting that the detected plutonium and
americiumsotopes are likely being-seispended by wind and have an atetesting and
satellite burrup fallout origin.

Additionally, in the vicinity ofhe WIPPRthere is a potential local source of anthropogenic
(humancausedjadioactivity from an undergrowhnuclear test that was part of the Plowshare
project- the Gnome test (USAEC. 1973). The Gnome site is located about 8.8 km southwest of the
WIPP site. In 1961 an underground test of akddon 23%Pu device vented radioactive materials
to the surface USAEC. 1973, Faller, 1994). Clgaafforts at this site have been carried out in
several campaigns since that time, and the surface contamination is now well below any level of
public health and environmental concern. However, low lev&l&af and plionium are still
detectable in some surface soil samples collected from the Gnome site (CEMRC, 2005/2006). The
transport of these contaminants from the Gnome site to the WIPP remains a possibility during
high wind seasons (Stout and Arimoto, 2010); howeware than fifteen years of monitoring
data and thedetectedactivity levels, as well as their atomic ratio measurements, suggest that
pre-releaseevent plutonium and americium in aerosol and soil samples collected near the WIPP
facility primarily repres# redistributed global fallout.
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The239+24Ppyspecific activityactivity per unit mass aerosol collectedsim the rangeof
0.000.0.56mBqg/g at the Onsite station, 0:0005mBq/g at the Near Field station a@d 0.92
mBq/g at the Cactus Flats statj while that o247JAm wasin the range 00.020.61mBg/g at
the Onsite statior).0-0.69mBq/g at the Near Field station add-0.68mBqg/g at the Cactus
Flats station. The aerosol mass loadings recorded in these sampling stations varied in the range
from0.522.17g at Onsite0.491.61g at Near Fieldand0.442.04 gat Cactus Flats.
Furthermore, the mass loadings at all stations tend to track one another remarkably well as
shown in Figures-8 and 37. Thespecificactivity of 239+24Py 24IAm, and23¥Pu measured in the
ambient air filters durin@017are listed in TablesB) to 312 (Onsite Station), Tabled 3 to
3-15 (Near Field Station) and Tabless3o 318 (Cactus Flats Station).
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Figure 36: The Preand Postradiological evert3®*#0pyspecific activityn ambient air at three
stations in the vicinity of the WIPP site
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Figure 37: The Preand Postradiological eveit!Am specific activityn ambient air at three
stations in the vicinity of the WIPP site

Ambient Air Uranium Conentrations

Uranium is comprised of naturally occurring radionuclides found in the environment.
Uranium occurs naturally in all rocks and soil with typical background levels ranging from
approximately 2 to 4 mg/kg (Ahrens 1965, Wedepohl 1968). Thustehah of uranium in
ambient air is normal. Natural sources of uranium in ambient air inclusiegspendedoil
volcanic eruptionsATSDR 1999; Kuroda et al. 1984y airborneparticulatedrom coal and fuel
combustion The concentrations of uraniusotopes measured in the ambient air in the WIPP
vicinity are listed in Table B9 (Onsite Station), Table?8 (Near Field Station) and Tabl213
(Cactus Flats Station). The isotopes of uranium were detected at all sample locations. The highest
concentrdions detected were 4.40&EBg/n? for 234U and 4.308 Bg/n® for 238U measured at the
Onsite sampling station. The concentrations detected between the Onsite location and distant
locations were not statistically different. T$mecificactivity of uraniumisotopes measured in
the ambient air filters during 2017 are listedTiable 322 (Onsite Station), Table23 (Near Field
Station) and Table 34 (Cactus Flats Station).
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Uranium ratios are used to determine the type of uranium present in the environmen
Natural uranium has #%U/3U ratio of 0.00725, an##U/238 ratio of 1.0. The average annual
234J/738 ratios of 1.030.05 at the Onsite Station, 110504 at the Near Field station, and
1.04 0.02 at the Cactus Flats station are consistent withraijuoccurring uranium. The
uranium concentrations in the ambient air samples collected atbe¥IPP site since 2011 are
shown in Figures-8 and 39.
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Figure 38: The Preand Postradiological everi®*U concentrations in ambient air at three
dations in the vicinity of the WIPP site
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Figure 39: The Preand Postradiological evert3®U concentrations in ambient air at three
stations in the vicinity of the WIPP site

Ambient AirGamma Rdionuclide Concentrations

There were no measurablecentrations of3’Cs 018%Co in any of the ambient air filter
samples collected following the radiation release event. Hoé<eras detected in a few
ambient air filter samples. THiK i s ubi qui tous in the eart hbs
to show up in environmental air samples. There was no significant difference in the
concentrations 0f°%K among locations. The concentration$@s and® measured in ambient
air samples before and after the radiological event at WIPP are shown in BigOrdsough 3
18.

Additionally, there was no increase in gamma radionuclide concentrations that can be
attributed to the February 14, 20idnderground radiation recent release event. The individual
concentrations of these radionuclides measured iretaezosol stations are listed in Tab253
(Onsite Station), TableZ® (Near Field Station) and Tabl273(Cactus Flats Station). The
individual specificactivity of these radionuclides in these three monitoring stations are
summarized in TableZB ((hsite Station), Table 2 (Near Field Station) and Tabld®(Cactus
Flats Station).
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Figure 310: The Preand Postrelease evertt’Cs concentrations in ambient air
at Onsite station
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Figure 311: The Preand Postradiological event® conentrations in ambient air
at Onsite station
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Figure 312: The Preand Postradiological evenf®Co concentrations in ambient air
at Onsite station
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Figure 313: The Preand Postradiological event3’Cs concentrations in ambient air
at Near Feld station
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Figure 314: The Preand Postradiological event® concentrations in ambient air
at Near Field station
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Figure 315: The Preand Postradiological evenf®Coconcentrations in ambient air
at Near Field station
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Figure 316: The Pre and Postradiological event3’Csconcentrations in ambient air
at Cactus Flats station
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Figure 317: The Preand Postradiological event® concentrations in ambient air
at Cactus Flats station
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Figure 318: The Preand Postradiologcal event® o concentrations in ambient air
at Cactus Flats station

Radionuclide€oncentrations at Carlsbad and Loving Air Monitoring
Stations

The CEMRC began sampling at these two stations in May of 2015. The concentrations of
239+24Ppy,238Py and 24?Am measured are listed in Table®l3(Loving) and-32 (Carlsbad) and
are shown in Figures 3 through 321 (Loving) and Figures22 through 324 (Carlsbad). The
levels of39+24py 238y and?*?Amat these monitoring stations are consistent witke thormal
background levels usually measured in the WIPP vicinity. The corresppadificactivity
(activity per gram of dusty summarized in Tables33 and 334. The isotopes of uranium were
detected at both sample locations. The concentrationsanium isotopes measured are listed in
Tables 35 (Loving) and-36 (Carlsbad) and are shown in Figur@s and 326 (Loving) and
Figures 27 and 328 (Carlsbad). The levels detected were similar to those measured at other
sample locations around thel M. The average anngfU/238U ratios of 1.050.04 at the Loving
Station and 1.040.05 at the Carlsbad station are consistent with naturally occurring uranium.
Thespecificactivity of uranium isotopes measured in the ambient air filters during 20
in Tables-37 (Loving) and-38 (Carlsbad).

Gammaemitting radionuclides’Cs 0f%Co) were not detected in any of the ambient air
filter samplegollected in 2017. HowevéfK was detected in a few ambient air filter samples.
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Theactivity conentrations of these gamma radionuclides measured are listed in F@&3les 3
(Loving) and-310 (Carlsbad) and shown in Figureé293hrough 331 (Loving) and Figures32
through 334 (Carlsbad). The correspondipgcificactivity values are summarized ables 3
41 (Loving) and-&2 (Carlsbad).

RadionuclidesConcentrations at WIPP EAST Tower Air Monitoring Stations

As mentioedearlier, the CEMRC expanded itranitoring network following the
radiation release event at the WIPP in 2014. Duringalendar year 2017, a new air monitoring
station was deployed on the east side of the WIPP facility near the WIPP meteorological station,
about 0.3 km east of the WIPP facility. The CEMRC began sampling at this station in September
of 2017. The concentiahs 0f?39+24Py,238Py and24?Am measured are listed in Tablé38and
are shown in Figures 3b through 337. The levels 8$°+24Py,238Py and24?Amat these
monitoring stations are consistent with the normal background levels usually measueed in th
WIPP vicinity. The correspondapgcific activity(activity per gram of dusty summarized in
Table 344. Thairaniumisotopes were detected at this sampling location. The concentrations of
uranium isotopes measured are listed in Taldld &8nd are shen in Figures-38 and 339. The
levels detected were similar to those measured at other sample locations around the WIPP. The
specificactivity of uranium isotopes measured in the ambient air filters during 2017 is listed in
Table 346.

Gamma radionuclas {3’Cs 01%Co) were not detected in any of the ambient air filter
samples collected in 2017. Howet$#¥,was detected in two ambient air filter samples. The
activity concentrations of these gamma radionuclideasured are listed in Tablel3and
showvn in Figures-310 through 342. The correspondisgecificactivity values are summarized
in Table 348.

Conclusion

The source and level of plutonium and americium in and around the WIPP environment
prior to the arrival of TRU waste and aftee WIRP became operational were compared to assess
if there is any evidence of an increase in radionuclides activity concentrations in the region that
could be attributed to r el eaarmmiofingdatashowse WI PP
that, except for he brief detection of americium and plutonium in the nearby monitoring
stations (Onsite and Near Field), there is no persist contamination and no lasting increase in
radiological contaminants netire WIPP that can be attributed to the 2014 radiation re¢ea
The WI PPY¥s h airdataindicatsshat fadboat b the vicinity of the WIPP is mainly
from global nuclear weapons testing. Although transport of contaminants from the Gnome site
to the WIPP remaga possibility during high wind seasathg activity and atomic ratio
measurements indicates that deposited plutonium and americium airtmainly results from
global fallout. Resuspension of soil particles which are contaminated from weapons fallout
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continues to be considered the predomirgwurce of plutonium in the environment
surrounding the WIPP area.
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Figure 320: The?3°*24Py concentrations in ambient air at Loving station in 20057
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Figure 321: The?38%Pu concentrations in ambient air at Loving station in 200%7
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Figure 322: The?Am concentrations in ambient air at Carlsbad station in 2005/
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Figure 323: The?3°*24Py concentrations in ambient air @arlsbad station in 2018017
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Figure 324: The?38Pu concentrations in ambient air at Carlsbad station in 2005
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Figure 325: The?34J concentrations in ambient air at Lovitgt®n in 20152017
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Figure 326: The?38U concentrationsiiambient air at Lovingtation in 20152017
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Figure 327: The?3%U concentrations in ambient air at Carlsbad staitio20152017
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Figure 328: The?38J concentrations in ambient air at Carlsiséation in 20152017
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Figure 329: Thel3"Cs concentrations in ambient air at Lovéhation in 20152017
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Figure 330: The*K concentrations in ambient air at Lovitgtion in 20152017
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Figure 331: The%%Co concentrations in ambient air at Lovstgtion in 20152017
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Figure 332: Thel3’Cs concentrations in ambient air@arlsbad station in 2015017
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Figure 333: The*%K concentrations in ambient air at Carlsiséation in 20152017
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Figure 334: ThefCo concentrations in ambient air@arlsbad station in 2018017
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Figure 335: The?*lAmconcentrations in ambient air &YIPP easttation in 2017
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Figure 336: The23%*24Pyconcentrations in ambient air &/IPPeast station in 2017
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Figure 337: The23%Puconcentrations in ambient air &YIPReas station in 2017
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Figure 338: The?34U concentrations in ambient air &fIPReast station in 2017
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Figure 339: The?38U concentrations in ambient air 8YIPP easttation in 2017
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Figure 340: Thel3’"Csconcentrations in ambient air &¥IAP east station in 2017
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Figure 341 The*K concentrations in ambient air &YIPReast station in 2017
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Figure 342 The®Coconcentrations in ambient air &/IPP easttation in 2017
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Ambient Air Monitoring

Table 31: Activity concentrations 6f1Am in the fiter samples collected from Onsite Station

Radionuclides Sar7218I1e7Date Ag(;m;y Ugg/r(-r?) B'.\flq ?n% Status

241Am Jan. 6 Feb. 6 7.91E09 5.08E09 8.76E09 | Notdetected
Feb. 6 Feb. 24 2.00E08 1.05E08 1.73E08 Detected
Feb. 24 Mar. 8 1.29E08 9.75E09 1.65E08 | Notdetected
Mar. 8, Mar. 27 3.35E08 1.25E08 1.60E08 Detected
Mar. 27, Apr.11 | 1.34E08 8.62E09 1.34E08 | Not detected
Apr. 11, Apr. 28 3.06E08 1.65E08 2.27E08 Detected
Apr. 28, May 17 9.11E09 1.19E08 2.66E08 | Not detected
Mayl1l7, May 31 | 1.15E08 1.20E08 2.55E08 | Not detected
May 31, Jure23 1.72E08 1.04E08 1.84E08 | Not detected
Jure 23, July7 5.66E09 2.88E08 7.21E08 | Not detected
July 7, July21 9.12E09 1.07E08 2.29E08 | Not detected
July21, Aug. 4 6.19E09 8.95E09 1.96E08 | Not detected
Aug. 4, Aug. 18 1.55E08 9.66E09 1.54E08 Detected
Aug. 18 Sep. 15 | 4.80E09 4.80E09 1.02E08 | Not detected
Sep. 15 Oct. 2 4.96E09 1.38E08 3.32E08 | Not detected
Oct. 2, Oct. 18 6.11E09 9.72E09 2.23E08 | Not detected
Oct. 18, Nov. 3 2.19E08 1.31E08 2.12E08 Detected
Nov. 3, Nov. 29 1.25E08 9.11E09 1.67E08 | Not detected
Nov. 29, Dec. 19 | 7.77E10 7.77E09 1.98E08 | Not detected
Dec. 19 Jan. 8 1.47E08 8.13E09 1.16E08 Deteced

Table 32: Activity concentrations @f°+24Pu in the filter samples collected from Onsite Station

Sample Date

Activity

unc. (3)

MDC

Radionuclides 2017 Bq/n? Bq/m? Bq/n? Status

239+240py Jan. 6, Feb. 6 8.83E09 6.67E09 1.13E08 | Not detected
Feb. 6 Feb. 24 7.20E09 4.87E09 7.20E09 | Not detected
Feb. 24 Mar. 8 -1.34E09 8.00E09 2.32E08 | Not detected

Mar. 8, Mar. 27 2.40E08 1.16E08 1.12E08 Detected
Mar. 27, Apr. 11 1.44E08 1.52E08 3.26E08 | Not detected
Apr. 11, Apr. 28 1.5&08 1.38E08 2.68E08 | Not detected

Apr. 28, May 17 3.23E08 1.13E08 7.91E09 Detected

May1l7, May 31 1.41E08 8.49E09 1.01E08 Detected
May 31, Jure 23 1.39E08 9.39E09 1.62E08 | Not detected
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Ambient Air Monitorig

Table 32: Activity concentrations ¢f°*24Puin the filter samples collected from Onsite Station

(continued)
: . Sample Date Activity unc. (3) MDC
Radionuclides 2017 Bq/n? Bg/m? Bq/n? Status

239+240py Jure23, July 7 6.25E09 2.50E08 6.30E08 | Not detected

July7 , July 21 2.67E09 6.54E09 1.60E08 | Not detected

July21, Aug. 4 8.16E09 1.02E08 2.19E08 | Not detected

Aug. 4, Aug. 18 | -4.88E09 7.75E09 2.46E08 | Not detected

Aug. 18- Sep. 15| 1.04E08 5.05E09 6.89E09 Detected

Sep. 15 Oct. 2 4.64E09 6.19E09 1.31E08 | Not detected

Oct.2, Oct.18 9.49E09 7.58E09 1.10E08 | Not detected

Oct. 18, Nov. 3 1.20E08 1.03E08 2.00E08 | Not detected

Nov. 3, Nov. 29 1.21E08 1.06E08 2.06E08 | Not detected

Nov. 29, Dec. 19| 1.52E08 9.46E09 1.43E08 Detected

Dec. 19 Jan. 8 9.42E09 101E08 2.11E08 | Not detected

Table 33: Activity concentrations &f8Pu in the filter samples collected from Onsite Station

Sample Date Activity unc. (3) MDC

2017 Bqy/r? Bqy/r? B/ s

Radionuclides

238pyy Jan. 6, Feb. 6 -5.61E09 5.83E09 1.88E08 | Not detected

Feb. 6 Feb.24 | -1.20E09 4.80E09 1.35E08 | Not detected

Feb. 24 Mar. 8 -1.34E09 8.00E09 2.32E08 | Not detected

Mar. 8, Mar. 27 | -1.20E09 7.20E09 2.09E08 | Not detected

Mar. 27, Apr. 11 | 2.39E09 6.76E09 1.68E08 | Not detected

Apr. 11, Apr. 28 | 3.66E16 6.15E09 | 1.84E08 | Not detected

Apr. 28, May17 | -2.56E09 7.42E09 2.09E08 | Not detected

Mayl7, May 31 | -5.39E09 | 8.90E09 | 2.64E08 | Not detected

May 31, Jure23 | -4.65E09 6.18E09 1.98E08 | Not detected

June 23 July7 -1.56E08 1.88E08 6.30E08 | Not detected

July 7, July21 | -2.67E09 | 9.30E09 | 2.68E08 | Not detected

July21, Aug.4 | -8.16E09 9.62E09 2.97E08 | Not detected

Aug. 4, Aug. 18 | -4.88E09 7.75E09 2.46E08 | Not detected

Aug. 18 Sep. 15| -2.61E09 326E09 1.02E08 | Not detected

Sep. 15 Oct. 2 -2.79E09 9.27E09 2.53E08 | Not detected

Oct. 2, Oct. 18 8.35E09 6.78E09 8.73E09 | Not detected

Oct. 18, Nov. 3 | -5.98E09 5.67E09 2.00EO8 | Not detected

Nov. 3, Nov. 29 3.29E09 5.81E09 1.31E08 | Na detected

Nov. 29, Dec. 19| 0.00E+00 5.73E09 1.61E08 | Not detected

Dec. 19 Jan. 8 | -4.20E09 6.65E09 2.11E08 | Not detected
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Ambient Air Monitoring

Table 34: Activity concentrations ¢f'Am in the filter samples collected from Near Field

station
Radionuclides Sarszcl)i7D ate Aé:él/\g;y Ugg/é?) é\g Iljn?g Status

241Am Jan. 6, Feb. 6 -6.08E10 5.29E09 1.43E08 | Not detected
Feb. 6 Feb.24 | 2.64E09 1.04E08 2.56E08 | Not detected
Feb. 24 Mar. 8 1.41E08 1.46E08 3.11E08 | Not detected
Mar. 8, Mar. 27 1.10E08 9.40E09 1.92E08 | Not detected
Mar. 27, Apr. 11 | 1.50E09 1.31E08 3.37E08 | Not detected
Apr. 11, Apr.28 | 2.09E08 1.09E08 1.48E08 Detected
Apr. 28, May17 3.42E09 7.27E09 1.72E08 | Not detected
Mayl7, May 31 | 1.91E09 8.99E09 2.25E08 | Not detected
May 31, Jure 23 6.36E09 8.47E09 1.87E08 | Not detected
Jure 23, Juy 7 1.89E08 1.04E08 1.48E08 Detected
July 7, July21 1.36E08 1.02E08 1.83E08 | Not detected
July21, Aug. 4 6.30E09 1.03E08 2.36E08 | Not detected
Aug. 4, Aug. 18 | 1.57EO08 8.81E09 9.70E09 Detected
Aug. 18 Sep. 15| 2.89E09 4.13E09 9.29E09 | Not detected
Sep. 15 Oct. 2 1.31E08 7.70E09 1.04E08 Detected
Oct. 2, Oct. 18 6.90E09 1.26E08 2.94E08 | Not detected
Oct. 18, Nov. 3 5.91E09 1.03E08 2.34E08 | Not detected
Nov. 3, Nov. 29 | 1.47EO8 7.70E09 6.76E09 Detected
Nov. 29, Dec. 19| 1.39E08 8.33E09 1.29E08 Detected
Dec. 19 Jan. 8 1.80E08 1.37E08 2.31EO08 | Not detected

Table 35: Activity concentrations @8°+24Pu inthe filter samples collected
from Near Field Station

. . Sample Date Activi unc. (3 MDC
Radionuclides 2817 Bq/mt3y Bq/rgﬁ ) Bq/n? Status

239+240py Jan. 6, Feb. 6 1.05E09 5.53E09 1.47E08 | Not detected
Feb. 6 Feb. 24 8.90E09 8.22E09 1.58E08 | Not deteted
Feb. 24 Mar. 8 2.74E08 1.52E08 2.14E08 Detected
Mar. 8, Mar. 27 1.89E08 1.04E08 1.75E08 Detected
Mar. 27, Apr. 11 5.01E08 1.93E08 2.79E08 Detected
Apr. 11, Apr. 28 6.20E09 7.19E09 1.46E08 | Not detected
Apr. 28, May 17 1.33E08 8.69E09 1.41E08 | Not detected
May 17, May 31 1.48E08 1.00EO08 1.67E08 | Not detected
May 31, Jure 23 1.07E08 6.80E09 8.33E09 Detected
June 23 July7 1.92E08 1.15E08 1.79E08 Detected
July7 . July 21 3.71E09 9.62E09 2.33E08 | Not detested
July21, Aug. 4 1.26E08 9.58E09 1.62E08 | Not detected
Aug. 4, Aug. 18 3.52E09 7.78E09 1.86E08 | Not detected
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Ambient Air Monitorig

Table 35: Activity concentrations df°*24®Pu in thefilter samples collected
from Near Field Statiofcontinued)

Sample Date Activity unc. (3) MDC

2017 Bg/n? Bg/n? Bg/n? SIEllE

Radionuclids

239+240py Aug. 18 Sep. 15| 8.62E09 4.98E09 7.87E09 Detected

Sep. 15 Oct. 2 0.00E+00 7.40E09 2.01E08 | Not detected

Oct. 2, Oct. 18 3.47E09 8.51E09 2.08E08 | Not detected

Oct.18, Nov. 3 3.09E09 6.85E09 1.63E08 | Not detected

Nov. 3, Nov. 29 5.49E09 6.37E09 1.29E08 | Not detected

Nov. 29, Dec. 19| 1.26E08 9.96E09 1.83E08 | Not detected

Dec. 19 Jan. 8 7.91E09 7.34E09 1.40E08 | Not detected

Table 36: Activity ®ncentrations of38Pu in the filter samples collected from Near Field Station

: . Sample Date Activity uUnc. (%) MDC
Radionuclides 2017 Bg/n? Bq/r? Bg/n? Status
238py Jan. 6, Feb. 6 -7.31E09 9.62E09 2.85E08 | Not detected

Feb. 6 Feb.24 | -1.98E09 7.%E09 2.23E08 | Not detected

Feb. 24 Mar. 8 -4.56E09 8.07E09 2.65E08 | Not detected

Mar. 8, Mar. 27 8.23E10 3.67E09 9.85E09 | Not detected

Mar. 27, Apr. 11 | 4.55E09 7.22E09 1.60E08 | Not detected

Apr. 11, Apr. 28 | -9.29E09 8.04E09 2.63E08 | Not detected

Apr. 28, May 17 | -3.56E09 7.13E09 2.09E08 | Not detected

May 17, May 31 | -2.12E09 8.99E09 2.49E08 | Not detected

May 31, Jure 23 8.05E09 5.73E09 6.60E09 Detected

Jure23, duly7 -7.89E09 8.18E09 2.65E08 | Not detected

July 7, July21 -4.57E09 5.13E09 1.81E08 | Not detected

Juy 21, Aug.4 | -9.49E09 8.32E09 2.80E08 | Not detected

Aug. 4, Aug. 18 | 0.00E+00 7.49E09 2.06E08 | Not detected

Aug. 18 Sep. 15| 0.00E+00 2.86E09 7.87E09 | Not detected

Sep. 15 Oct. 2 -4.28E09 8.53E09 2.51E08 | Not detected

Oct. 2, Oct. 18 -3.47E09 8.51E09 2.75E08 | Not detected

Oct. 18, Nov. 3 | -7.22EQ09 7.48E09 2.42E08 | Not detected

Nov. 3, Nov. 29 | -9.18E09 6.92E09 2.33E08 | Not detected

Nov. 29, Dec. 19| 3.15E09 6.31E09 1.48E08 | Not detected

Dec. 19 Jan.8 | -4.41E09 6.85E09 2.08E08 | Not detected
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Ambient Air Monitoring

Table 37: Activity concentrations éfAm in thefilter samples collected
from Cactus Flats Station

Radionuclides Sanglf7Date Ag(;x;y ng/r%) é\g I/Dn% Status

241Am Jan. 6, Feb. 6 3.18E09 3.20E09 | 6.32E09 | Not detected
Feb. 6 Feb. 24 8.30E09 1.26E08 | 2.84E08 | Not detected
Feb. 24 Mar. 8 1.04E08 1.22E08 | 2.61E08 | Not detected
Mar. 8, Mar. 27 2.08E08 9.04E09 | 9.60E09 Detected
Mar.27 , Apr.11 | 2.19E08 1.06E08 | 1.25E08 Detected
Apr. 11 Apr.28 | 2.12E08 9.06E09 | 7.87E09 Detected
Apr. 28, May 17 | 1.21E08 8.47E09 | 1.52E08 | Not detected
May 17, May 31 | 5.92E09 8.40E09 | 1.86E08 | Not detected
May 31, Jure 23 1.23E08 8.62E09 | 1.54E08 | Not detected
Jure 23, Juy 7 1.29E08 9.19E09 | 1.51E08 | Not detected
July7 , July 21 2.99E09 1.04E08 | 2.54E08 | Not detected
July21, Aug.4 | -1.07E09 | 1.33E08 | 3.42E08 | Not detected
Aug. 4, Aug. 18 | 1.62E08 1.09E08 | 1.89E08 | Not ddected
Aug. 18 Sep. 15| 5.23E09 4.80E09 | 9.75E09 | Not detected
Sep. 15 Oct. 2 -5.47E09 | 9.53E09 | 2.79E08 | Not detected
Oct. 2, Oct. 18 1.34E08 8.32E09 | 1.26E08 Detected
Oct. 18, Nov. 3 1.50E08 1.30E08 | 2.58E08 | Not detected
Nov. 3, Nov.29 1.88E08 1.27E08 | 2.13E08 | Not detected
Nov. 29, Dec. 19| 7.77E09 9.96E09 | 2.18E08 | Not detected
Dec. 19 Jan. 8 1.26E08 9.46E09 | 1.66E08 | Not detected

Table 38: Activity concentrations @8°+24Pu in thefilter samples collected
from Cadus Flats Station

Radionuclides San218I1e7Date Aé:(;'/vn':gy Ulg:/r(n?) Elxlq ?n% Status
239+240p Jan. 6, Feb. 6 6.21E09 4.41E09 6.78E09 | Not detected
Feb. 6 Feb. 24 3.69E08 2.21E08 3.66E08 Detected
Feb. 24 Mar. 8 2.50E08 1.49E08 2.21E08 Detected
Mar. 8, Mar. 27 2.88E08 1.27E08 1.63E08 Detected
Mar. 27, Apr. 11 2.94E08 1.50E08 2.36E08 Detected
Apr. 11, Apr. 28 8.91E09 8.69E09 1.72E08 | Not detected
Apr. 28, May 17 3.71E08 1.29E08 1.25E08 Detected
May 17, May 31 2.09E08 1.21E08 1.74E08 Detected
May 31, Jure 23 1.72E08 9.18E09 1.14E08 Detected
Jure23, July 7 1.12E09 1.25E08 3.17E08 | Not detected
July 7, July21 7.08E09 9.50E09 | 2.06E08 | Not detected
July 21, Aug. 4 1.32E08 1.04E08 192E08 | Not detected
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Table 38: Activity concentrations df°*24®Pu in thefilter samples collected

from Cactus Flats Statiqieontinued)

Sample Date

Activity

unc. (&)

MDC

Radionuclides 2017 Bq/n? Bq/m? Bq/n? Status

239+240py Aug. 4, Aug. 18 | -8.10E09 1.11E08 3.26E08 | Not detected
Aug. 18 Sep. 15| 2.13E09 4.87E09 1.16E08 | Not detected
Sep. 15 Oct. 2 2.79E08 1.25E08 1.52E08 Detected
Oct. 2, Oct. 18 -1.27E09 9.21E09 2.56E08 | Not detected
Oct. 18, Nov. 3 2.35E09 1.33E08 3.31E08 | Not detected
Nov. 3, Nov. 29 | 4.50E09 1.17E08 2.82E08 | Not detected
Nov. 29, Dec. 19| 1.00E08 8.05E09 1.45E08 | Not detected
Dec. 19 Jan.8 | -1.91E09 1.01E08 2.69E08 | Not detected

Table 39: Activity concentrations f%Pu in thefilter sanples collected
from Cactus Flats Station

Radionuclides Sarr218If7Date 'Agél/\/rgsy Ulg:/r(r?) E'XI} I?n% Status
238py Jan. 6, Feb. 6 1.13E09 2.77E09 6.78E09 | Not detected
Feb. 6 Feb.24 | -1.94E09 2.02E08 5.32E08 | Not detected
Feb. 24 Mar. 8 4.69E09 1.21E08 2.94E08 | Not detected
Mar. 8, Mar. 27 | -6.17E09 7.70E09 2.42E08 | Not detected
Mar. 27, Apr. 11 | -1.05E08 7.88E09 2.76E08 | Not detected
Apr. 11 Apr.28 | 4.95E09 6.58E09 1.40E08 | Not detected
Apr. 28, May 17 | 8.83E10 6.38E09 1.67E08 | Not detected
Mayl7, May 31 | 1.23E09 8.88E09 2.32E08 | Not detected
May 31, Jure23 | 0.00E+00 5.40E09 1.51E08 | Not detected
June 23 July7 -1.91E08 1.15E08 3.70E08 | Not detected
July7 , July 21 -9.41E09 8.24E09 2.77E08 | Not detected
July21, Aug. 4 0.00E+00 5.40E09 1.55E08 | Not detected
Aug. 4, Aug. 18 | -1.39E08 1.28E08 3.80E08 | Not detected
Aug. 18 Sep. 15| -8.51E10 2.08E09 6.74E09 | Not detected
Sep. 15 Oct. 2 -8.58E09 8.63E09 2.73E08 | Not detected
Oct. 2, Oct. 18 -2.55E09 8.81E09 2.56E08 | Not detected
Oct. 18 Nov. 3 | -1.30E08 1.31E08 3.86E08 | Not detected
Nov. 3, Nov. 29 | -1.50E08 1.14E08 3.82E08 | Not detected
Nov. 29, Dec. 19| 1.82E09 5.78E09 1.45E08 | Not detected
Dec. 19 Jan.8 | -1.53E08 9.89E09 3.14E08 | Not detected
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Table 310: Specific ativity of 242Am in the filter samples collected from Onsite Station

: , Sample Date Activity uUnc.(3) MDC
Radionuclides 2017 Ba/g Ba/g Ba/g Status
241Am Jan. 6, Feb. 6 4.20E04 2.70E04 4.65E04 | Not detected

Feb. 6 Feb. 24 4.61E04 2.41E04 3.99E04 Detected

Feb. 24 Mar. 8 2.10E04 1.58E04 2.69E04 | Not detected

Mar. 8, Mar. 27 4.67E04 1.74E04 2.23E04 Detected

Mar. 27, Apr. 11 | 2.21E04 1.43E04 2.23E04 | Not detected

Apr. 11, Apr.28 | 4.01E04 2.16E04 | 2.97E04 | Detected

Apr. 28, May 17 1.57E04 2.04E04 4.58E04 | Not detected

May 17, May 31 | 2.93E04 3.06E04 6.52E04 | Not detected

May 31, Jure 23 3.05E04 1.84E04 3.26E04 | Not detected

June 23 July7 1.02E04 5.21E04 1.30EO03 | Not detected

July 7, July21 2.93E04 3.45E04 7.36E04 | Not detected

July21, Aug. 4 1.80E04 2.60E04 5.69E04 | Not detected

Aug. 4, Aug. 18 6.07E04 3.77E04 6.00E04 Detected

Aug. 18- Sep. 15| 1.56E04 1.56E04 3.30E04 | Not detected

Sep. 15 Oct. 2 1.97E04 5.50E04 1.32E03 | Not detected

Oct. 2, Oct. 18 1.85E04 2.95E04 6.76E04 | Not detected

Oct. 18, Nov. 3 4.89E04 2.92E04 4.74E04 Detected

Nov. 3, Nov. 29 2.69E04 1.96E04 3.60E04 | Not detected

Nov. 29, Dec.19 1.87E05 1.87E04 4.77E04 | Not detected

Dec. 19 Jan. 8 5.00E04 2.77E04 3.93E04 Detected

Table 311: Specific ativity of 239+24Py in the filter samples collected from Onsite Station

Sample Date Activity unc. (3) MDC

2017 Ba/g Balg Ba/g SIEUE

Radionuclides

239+240p Jan. 6 Feb. 6 4.69E04 3.54E04 6.00E04 | Not detected

Feb. § Feb.24 | 1.66E04 1.12E04 1.66E04 | Not detected

Feb.24 Mar.8 | -2.17E05 1.30E04 3.77E04 | Not detected

Mar. 8, Mar. 27 | 3.34E04 1.61E04 1.55E04 Deteced

Mar. 27, Apr.11 | 2.38E04 2.52E04 5.40E04 | Not detected

Apr. 11, Apr. 28 | 2.00E04 1.81E04 3.50E04 | Not detected

Apr. 28 May 17 | 557E04 1.95E04 1.36E04 Detected

May 17, May 31 | 3.59E04 2.17E04 2.57E04 Detected

May 31, Jure23 | 2.47E04 1.67E04 2.87E04 | Not detected

June 23 July7 1.13E04 4.52E04 1.14E03 | Not detected

duly 7, Juy 21 8.59E05 2.10E04 5.14E04 | Not detected
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Table 311: Specific ativity of 239+24Py in the filter samples collected
from Onsite Statioiicantinued)

Sample Date Activity unc. (3) MDC

2017 Ba/g Bq/g Ba/g Status

Radionuclides

239+240p July21, Aug. 4 2.37E04 2.95E04 6.37E04 | Not detected

Aug. 4, Aug. 18 | -1.91E04 3.03E04 9.61E04 | Not detected

Aug. 18 Sep. 15| 3.38E04 1.64E04 2.2F04 Detected

Sep. 13 Oct. 2 1.84E04 2.46E04 5.21E04 | Not detected

Oct. 2, Oct. 18 2.88E04 2.30E04 3.34E04 | Not detected

Oct. 18, Nov. 3 2.68E04 2.30E04 4.48E04 | Not detected

Nov. 3, Nov. 29 | 2.60E04 2.28E04 4.44E04 | Not detected

Nov.29, Dec. 19| 3.65E04 2.28E04 3.43E04 Detected

Dec. 19 Jan.8 | 3.20E04 3.45E04 7.18E04 | Not detected

Table 312: Specific ativity of 238Pu in the filter samples collected from Onsite Station

: : Sample Date Activity Unc.(2s) MDC
Radionuclides 2017 Ba/g Ba/g Ba/g Status
238py Jan. 6, Feb. 6 -2.98E04 3.09E04 9.99E04 | Not detected

Feb. 6 Feb.24 | -2 .77E05 1.11E04 3.11E04 | Not detected

Feb.24 Mar.8 | -2.17E05 1.30E04 3.77E04 | Not detected

Mar. 8, Mar. 27 | -1.67E05 1.00E04 2.91E04 | Not detected

Mar. 27, Apr. 11 | 3.96E05 1.12E04 2.79E04 | Not detected

Apr. 11, Apr.28 | 4.79E12 8.04E05 2.41E04 | Not detected

Apr. 28, Mayl7 | -4.40E05 1.28E04 3.60E04 | Not detected

Mayl1l7, May 31 | -1.38E04 2.27E04 6.74E04 | Not detected

May 31, Jure23 | -8.25E05 1.10E04 3.51E04 | Not detected

Jure23, Juy 7 -2.82E04 3.40E04 1.14E03 | Not detected

Juy 7, Juy 21 -8.59E05 2.99E04 8.62E04 | Not detected

Juy 21, Aug.4 | -2.37E04 2.79E04 8.62E04 | Not detected

Aug. 4, Aug. 18 | -1.91E04 3.03E04 9.61E04 | Not detected

Aug. 18 Sep. 15| -8.45E05 1.06E04 3.31E04 | Not detected

Sep.15 Oct. 2 | -1.11E04 3.68E04 1.01E03 | Not detected

Oct. 2, Oct. 18 2.53E04 2.06E04 2.65E04 | Not detected

Oct. 18, Nov. 3 | -1.34E04 1.27E04 4.48E04 | Not detected

Nov. 3, Nov. 29 | 7.09E05 1.25E04 2.83E04 | Not detected

Nov. 29 Dec. 19| 0.00E+00 1.38E04 3.87E04 | Not detected

Dec. 19 Jan. 8 | -1.43E04 2.26E04 7.18E04 | Not detected
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