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Executive Summary

EXECUTIVE SUMMARY

The Carlsbad Environmental Monitoring and Research Center (CEMRC) has
measured the levels of radiological and-madiological constituents in samples of the
exhaust air, ambient air, and water coll ecte
Isolation Pilot Plant (WIPP) during calendar year 20Lkhe WIPP facility became
operational in March 26, 1999 for the disposal of transuranic wastethe WIPP received
its first mixed waste shipments on September 9, 2000.

The CEMRC has compared these Isue those measured in the ymeerational
phase, prior to receipt of waste. Based on these analyses, the CEMRC concludes that:

a) Levels of the measured radiological and inadiological constituents in the
environment around WIPP during calendar year 20&1not different from the
preoperational baseline levels.

b) The measured levels are similar to those measured by other organizations, where
direct comparisons can be made.

c) Trace amounts of radionuclidés’{, 1*/Cs, and*’Cs) from the Fukushima
nuclearpower plant incident were detected in the station A and ambient air
samples collected during Maré&pril 2011. However,tiis important to note that
all of the radiation levels detected across the United States, including Carlsbad,
due to the Fukushima olear power plant accident have been very low, well
below any level opublic or environmental concern.

d) No measurable radiation dose to the public resulted from WaRRed operations
during calendar year 2011, relative to the estimated baseline dose.

Lastly, | would like to acknowledge the following individuals who contributed heavily to the
creation of this report: Ms. Sally Ballard, Ms. Adrienne Chancellor, Dr. Anuj Kumar, Mr.
Jim Monk, Dr. lla Pillalamarri, Dr. Punam Thakur, and Ms. Melinda Wilson.

Respectfully submitted,

Russell Hardy
Director, Carlsbad Environmental Monitoring & Research Center
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INTRODUCTION

The Waste Isolation Pilot Plant (WIPP), a U.S. Department of Energy (DOE) facility,
is an underground repositdigcated in the remote Chihuahudesert of southeastern New
Mexico near Carlsbad:he facility is designed tdispose of transuranic (TRU) wastes that
were generated from research and the production of nuclear weapons at various DOE sites in
the U.S. The WIPP facilities consist of abg@reund buildings and underground mined
areasThe underground portion of the WIPP is locaéé® meters (2,150 fedbelow the
surface and is divided in two main areas. The northern part, the experimental operations
(XO) area, is a research area and isdpehe scientific community, while the much larger
southern part comprises the Waste Disposal Akeahown in Figure 1, the WIPP repository
has eight panels, each consisting of seven waste disposal rooms that measure approximately
300 feet (91 metersdng and 33 feet (10 meters) wide. Seven of the planned panels have
been excavated; and the first five have been filled with waste, closed, and sealed from
ventilation air. Waste disposal is currently in progress in the sixth gaeeérally, three
panelsare in operation with one already filled with waste and closed (closure mode); the
second panel already excavated with waste disposal in progress (waste disposal mode); and
the third panel ready for mining (mining mod€urrently, panel 5 is in closureade, Panel
6 is in waste mode and Panel 7 is in mining mode.

Panel 1-4: Filled

\ Panel 6: Mining complete
] Panel 7: Mining underway

Figure 1. WIPP layout

Two types of TRU wastes are currently stored in the WIPP repository: (1) mixed transuranic
waste (MTRU) and (2) nemixed waste that contain only radioactive elements, mostly plutonium.
The TRU waste is subdivided into contheindled (CH) and remoteanded (RH) waste on the basis
of the dose equivalent rate at the surface of the waste container. If the dose is < 20Q2Znrem/h
mSv/h),the waste is categorized as GRU waste; otherwise, the categorization is-IRRU waste.
Contacthandled waste (CH TRU Wagtand contaehandled mixed waste (CH TRU mixed waste)
do not need additional shielding beyond the waste container. As a result, workers can unload, handle
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and repack CH waste by touching the waste container directly. Réanotded waste (RH TRU

waste) ad remotehandled mixed waste (RH TRU mixed waste) emit higher levels of radiation
(surface dose rate from 2mSv/h to 10mSv/h); therefore, remote handling is used as a precaution to
ensure worker safety.

Both types of mixed waste contain radioactive armahdous materials, whereas, noixed
waste contains only radioactive waste with negligible hazardous characteristics. The first shipment of
TRU waste, CHTRU waste from Los Alamos National Laboratory, arrived at the WIPP on March
26" 1999 and was dispes underground on the same d8ince opening in March 1999, more than
82,000 cubic meters of legacy TRU waste have been removed from temporary locations around the
nation and shipped to WIPP for permanent disposal. Although the waste stored at WIRT3 contai
numerous hazardous and/or radioactive materials, the radionuclides of greatest concern in the WIPP
are®***Pu and*'Am, which account for more than 99% of the total radioactivity for most of the
10,000 year regulatory period.

The major objectivefahe CEMRC monitoring program is to evaluate present, future and
sometimes past behavior of radionuclides in the vicinity of the WIPP. The program also has the
capabilities to detect radionuclides as quickly as possible in case of accidental releaggéthinrom
the repository or at the site during waste handling operations. The air, drinking water, surface water,
soil, and local populatioaround the WIPP facility as well as air entering and exiting the WIPP
undergroundare analyzed at CEMRC as part abatine environmental monitoring program.

CEMRC has been monitoring the concentration of plutonium (Pu) and americiunmn(#Am)area
aroundthe WIPP sites for many years as isotopes of these elements are the major radioactive
constituents in the TRU waste. The source of Pu and Am in and around the WIPP site prior to arrival
of the TRU waste at the site can be attributed to: nuclear weapting that occurred between the
1950s t01980s, controlled releases from the operation of nuclear power plants and nuclear
reprocessing facilities, and nuclear accidents. It has been reported that about 15°pBfRii and

0.3 pBq o”**®Pu have been ghally released into the atmosphere from weapons testing and nuclear
powerrelated incidents, whereas 1.3 pBd8Pu was injected into the upper atmosphere from

satellite buraup upon reentry. The Gnome test site, located about 8.8 km southwest of thaiti|P

is also a potential source of radionuclides. At this site a 3.3 kiloton yield nuclear underground
detonation was conducted in 1961 as part of the Plowshare Program of the Atomic Energy
CommissionThe site was decontaminated in 19639 and agaiin 1978.Despite these cleaup

efforts, elevated levels 61'Cs and plutonium have been detected in some of the surface soil samples
collected at the Gnome site. These contaminated soils are a potential source of contamination for
environmental samplesing collected to monitor for potential release of radionuclides from the

WIPP and to maintain the integrity of the WIPP project. Therefore, knowledge of the levels and
behavior of actinides in the WIPP environment is necessary to assess the radiatogécadlagical

effects of radiation on workers and the general public that live and work around the WIPP site.

In this report, samples collected and analyzed during calendar year 2011 are presented.
Results from this program are accessible to the pubslicitiin this report and the CEMRC website
and are used for evaluating the leiegm history of these radionuclides to better assess the impact of
WIPP (if any) on the local environment. CEMRC believes this aspect of its mission is important since
the publicneeds to know what is truly happening in the environment and what effect, if any, WIPP
activities has on their lives and health. Lastly, this type of information is important for assessing the
impact of the WIPP on the local environment for public accegtaiithis and future waste disposal
projects.
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OVERVIEW OF THE CEMRC MONITORING PROGRAM

The Carlsbad Environmental Monitoring and Research Center (CEMRC), has
performed as an independent, acadeaised monitoring facility for the WIPP since 1993.
The program was developed in conjunction with the Department of Energy, WIPP
management and oions contractor (M&O), state and local government, and regional
citizens to monitor the environment in and around the WIPP facility for below background
levels of radionuclides and other contaminants of interest to the regional community. The
goal is toprovide an independent environmental and human health monitoring program to
assure area residents that there is no release of radiological contaminates as the result of
WIPP-related activities. As defined in the original grant, the project was implemeuntiedy
the WIPP pralisposal phase, and is now continuing throughout the operational (disposal)
phase. The CEMRCO6s WI PP e nEM)progct ismerganizeéd andno ni t o
carried out independent of direct oversight by DOE. Further, the projestao provide
data to any regulatory body to meet the compliance demonstration requirements applicable to
the WIPP. Instead, analytical results and interpretations from the-B&\Pprogram are
published by CEMRC, in the form of an annual report, to inftvencitizens of Carlsbad and
the surrounding area that there is no evidence of increases in radiological contaminants that
can be attributed to releases from the WIPP. The success of such a monitoring program is
important in terms of boosting public cadéince and enhancing public acceptance; where a
| ocal i t yo6bsaciknyoar don armyt i tude coul d hinder the
anywhere in the world.

A detailed descr i pt-EMconcepts, sampliagdesigMa&@ o6 s WI F
baseline sidies has been presented in previous CEMRC annual reports which are available
at the CEMRC websitevww.cemrc.or. The following is a summary of the calendar year
2011 activities for the major environmental mediumthaWIPP EM program. It is
important to note that the first shipment of TRU nuclear waste was received at the WIPP
facility on March 26, 1999; the first mixed waste shipment was received on September 9,
2000; and the first shipment of higketivity wastecalled remote handled or RH waste)
was received in the first part of 2007. The results summarized in this report cover samples
collected through December 2011.

Based on the radiological analyses of monitoring phase samples (collected since
March 26, 199) completed to date for area residents and for selected aerosols, soils, and
drinking waterthere is no evidence of increased radiological contamination in the region
of the WIPP that could be attributed to any releases from the WIPP or due to thetretul
any WIPPrelated activitiesLevels of radiological and nenadiological analytes measured
in 2011 were within the range of levels measured previously by CEMRC for the targeted
analytes, and are within the ranges measured by other entities atarensgtéical levels
prior to the start of the disposal phase in 1999.

In 2003, CEMRC detected a small quantity of plutonium in a composite aerosol
sample from the second calendar quarter. This discovery was corroborated by both
Environmental Evaluation Gup (EEG) and the M&O contractor Washington Tru Solutions
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(WTS) through the analyses of samples that were independently collected and analyzed. The
activity level of the plutonium was extremely low and well within historic background levels,
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of the WIPP, to identify missing elements in our understanding of the WIPP environment

abi |l i

ty

by

WT SO s

o f -EM pragrarc b déRa Gdionutlidés Bf
interest at any level above the minimum detectable concentration (MDC). Further, CEMRC
reported in 2007 a small quantity of plutonium in composite aerosol samples from the first
and thrd quarters. However, further analysis showed that these detections resulted from
minor contamination during the gross alpha/beta measurements on filters which has since
been corrected. Therefore, no plutonium was detected in 2007 above MDC. However, in
2008, 2009, and 2010, CEMRC again detected a small quantity of plutonium in composite
aerosol samples from the first, second, and third quarters respectively all of which were
similar to the 2003 detection. The CEMRC detections in 2008, 2009, and 2010 were
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The challenges faced by CEMRC during 2011 has been to restructure and optimize
the WIPREM activities in order to maintain a losigrm environmental monitoring program

t he

publicbs ¢

onfidence

that are not addressed by the ongoing and proposeddangmonitoring studies, and to
initiate researciprograms to compliment these activities. The sampling schedule for the

years 20142015 are shown in Table 0.1.

Table 0.1. WIPP-EM Sampling Schedule
(Aerosol sampling includes: Station A, Station B, and Ambient Air)

Aerosol &
Drinking
Water

Aerosol,
Surface Wate
and Sedimen

Aerosol,
Surface Water
and Sediment

Aerosol

Aerosol &
Drinking
Water

Aerosol &
Drinking
Water

Aerosol

Aerosol,
Surface Wate
andSediment

Aerosol &
Drinking Water

Aerosol

Aerosol

Aerosol,
Drinking Water,
and Soil

Aerosol

Aerosol & Soil

Aerosol

The scheduling and management of sample analyses collected in theeEWIPP
project are based on (1) priorities for providing information to the public, (2) relative risks of
human exposure to contaminants among the various media sampled, (3) need for data
validation and verification prior to release, (4) time constraints resulting from sample
preparation and analysis procedures, (5) staff turnover resulting from the difficulty in
attracting and retaining qualified staff in Carlsbad, (6) fluctuations in figndind (7) time
and resource coordination between and among the other entities in the facility.

4
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Since the WIPHEM program began, CEMRC has reduced the frequency of sampling
of the various media and has reduced the number of target analytes primdudyesutt of
a decrease in resources over time. Additionally, the justification for this reduction was based
on the fact that, to date, there has been no evidence for any perturbation to drinking water,
soils, surface water or sediments caused by the WaRIRed activities. Going forward,
studies of airborne particulate matter (aerosols) will continue to be a major focus of the
CEMRCO6s environment al monitoring efforts sin
radiological contaminants are released fitb WIPP or in the event of a nuclear accident
like Fukushima, such contaminants could be rapidly dispersed through the atmosphere and
spread throughout the environment. Likewise, monitoring of the public through the Lie
Down and Be Counted (LDBC) programof the utmost importance as humans are the most
important target regardless of the transmission vector for contaminants.

Additionally, past public surveys indicated that air monitoring and direct monitoring
of people (whole body counting), followé&dy monitoring of drinking water, were the areas
of greatest public interest. While it is highly unlikely that any radiological impacts from the
WIPP will be detected through analyses of media other than air and people, CEMRC has
determined that there islu@ in continued monitoring of soils, water (drinking water and
surface water) and sediments in some form and frequency. Thus, a program has been
implemented, that will be revised annually with input from various stakeholders, in which
certain media othehan air, people, and drinking water are sampled each year on a rotating
basis (see Table 0.1). In 2011, that media was intended to be surface water, and sediments.
Unfortunately, the collection of surface water and sediments did not materialize ini2011 d
to recurring problems with the CEMRCO6s boat,
activity. The boat issues have since been resolved; therefore, the collection of surface water
and sediment samples are expected to resume in the future.

The conthuation of the WIPEEM and new WIPR el at ed projects ref
commitment to ensuring that the public, the WIPP workers, and the environment are
protected from exposure to contaminants. It is likely that additional adjustments to the WIPP
EMprogr am will be needed as the Centerods capakct
WIPP-related entities and contractors move in new directions.

The sampling media for the 2011 environmental monitoring program included
airborne particulates (both FAS and aerttiair), drinking water, and human whole body.
These samples were analyzed for radionuclides, including natural urdftmy, 2%, and
238); potassium?°K; transuranic actinides expected to be present in the waste stream
(plutonium®*%Pu,?3%*2*py, and americiurff*Am), and major fission products (cesiuhfCs
and cobalt®Co). In addition, the CEMRC also analyzed Station A (FAS filters) and
drinking water samples for nenadiological constituents. Environmental levels of these
radionuclidesand inorganics could provide corroborating information on which to base
conclusions regarding releases from WIPP facility operations. Table 0.2 summarizes the list
of target radionuclides and inorganic constituents along with their type of radiation method
of detection and reason for monitoring at the WIPP site.
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Table 0.2. Radioactive Nuclides and Non-Radioactive Analytes
Monitored at WIPP

Radionuclide Radiation | Detection Method |Reason for Monitoring
Alpha Alpha spectroscopy Naturally occurring
Alpha Alpha spectroscopy Naturally occurring
Alpha Alpha spectroscopy Naturally occurring

Gamma Gamma spectroscopy Ubiquitous in nature
Alpha Alpha spectroscopy Component of waste

239+240p ) Alpha Alpha spectroscopy Component of waste
“am Alpha Alpha spectroscopy Component of waste

Fission product/potential

component of waste

Fission product/potential

component of waste

B¥cs Gamma | Gamma spectroscopy

®Co Gamma | Gamma spectroscopy

Key Inorganic
Analytes (36 total)

Aluminum Al ICP-MS

Symbol Detection Method Reason for Monitoring

Likely present in mixed
waste

Likely present in mixed
waste

Likely present in mixed
waste

Likely present in mixed
waste

Likely present in mixed
waste

Likely present in mixed
waste

Cadmium Cd ICP-MS

Magnesium Mg ICP-MS

Lead Pb ICP-MS

Thorium ICP-MS

Uranium ICP-MS

The radionuclide$**Am, **?Pu, and®U are used as tracers in the CEMRC
Radiochemistry Laboratory. Radionuclides are considered "detected" in a sample if the
measured concénation or activity is greater than the total propagated uncertainty or standard
deviation (SD) at the 2 sigma (2 x SD) level, and greater than the minimum detectable
concentration (MDC). The MDC is determined by analytical laboratories based on the
naturd background radiation, the analytical technique, and inherent characteristics of the
analytical equipment. The MDC represents the minimum concentration of a radionuclide
detectable in a given sample using the given equipment and techniques with a specific
statistical confidence (usually 95 percent). The SD is an estimate of the uncertainty in the
measurement due to all sources, including counting error, measurement error, chemical
recovery error, detector efficiency, randomness of radioactive decay, yanthansources
of uncertainty. Measurements of radioactivity are actually probabilities due to the random
nature of the disintegration process. A sample is decaying as it is being measured, so no finite
value can be assigned. Instead, the ranges of possitvities are reported by incorporating
the SDs of the method.
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Aerosols

Aerosol particle sampling is conducted at five locations (listed below) with samplers
operating continuously at each location. The locations include a port inside the¥i@ist
shaft (Station A), a point inside the WIPP exhaust but after the filtration system (&ateoon
site approximately 0.1 km northwest (downwind) of the WIPP exhaust shaft (On Site
station), a site approximatelykin northwest (downwind) of the WIRRear Field station),
and a site approximately 19 km southeast (upwind) of the WIPP (Cactus Flats station). In
November 2006, CEMRC began collecting samples at Station B; however, these filters are
not currently being analyzed. Depending upon discussuthsstakeholders, these samples
may be included for analysis in the future once procedures have been developed, tested, and
implemented. Results from the analysis of the aerosol samples for 2011 are reported in
chapter 1 of this report.

Soils

During 2QL1, no soil samples were collected or analyzed but as can be seen in Table
0.1, are currently slated to be part of the sampling/analysis schedule for 2012.

Surface Water and Sediments

As mentioned previously, recurring issues with the CEMRC boat peslémé
collection of surface water and sediment samples in 2011. However, these media are
currently scheduled to be collected for analysis in 2012 as well.

Drinking Water

The WIPREM studies of ground water focus on the major drinking water supplies
used by communities in the WIPP region because these are often perceived by the public as a
potential route for contaminants to reach humans. During 2011, drinking water samples were
collected in the month of July from Carlsbad (Sheep Draw and Double Haol&)g,
Malaga, Otis, and Hobbs. Results from the analysis of the samples from these well fields for
2011 are reported in chapter 2 of this report.

Human Population

TheLie Down and Be CountgtlDBC) project serves as a component of the WIPP
EM progran 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 WIPP
EM program,n vivobioassay testing was used to establish a baseline profile of internally
deposited radionuclides in a sample of local residents before disposal phase operations
began, and has continued into the disposal phase to the present. The sampling design includes
solicitation of volunteers from all segments of the community, with sasmpds sufficient to
meet or exceed a 15% range in margin of error for comparisons between major population
ethnicity and gender categories as identified in the 1990 census. Radiobioassays of the
original volunteer cohort have been ongoing since July 198@. volunteers will continue
to be recruited each year to establish new study cohorts and replace volunteer attrition. It has
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been difficult to attract new volunteers and to bring back previous volunteers for recounts.
Previous fear or concern appears &adiwaned in the region as WIPP operations continue to
proceed with no serious incidents and as the number of citizen volunteers for the LDBC
continue to decline from previous years. Results of the LDBC project through December
2011 are reported in chaptof this report.

Radiochemical and Activity Units

The primary unit of activity, or radioactivity, used in this report is the becquerel (Bq)
which is equal to one disintegration of a nucleus per second. This disintegration gives rise to
the ejection of particle or ray of ionizing radiation, either an alpha, beta, neutron, or
gamma. Sometimes the unit Curie (Ci) is used and is equal to 317 BqLO

QUALITY ASSURANCE

The CEMRC is subject to the policies, procedures and guidelines adopted by New
Mexico State University (NMSU), as well as by state and federal laws and regulations that
govern the operation of the University and radiological facilities. The management of
CEMRC is committed to conducting a weléfined quality assurance program, incorporating
good professional practice and focusing on the quality of its testing and calibration processes
in research and service to its sponsors. CEMRC technical programmeasdm2011
included: Environmental Chemistry (EC), Organic Chemistry (OC), Radiochemistry (RC),
Field Programs (FP), Information Management (IM) and Internal Dosimetry (ID). The
development and implementation of an independent health and environmentatimgpn
program has been CEMRCO6s primary activity sin

Project Reporting Requirements

Since its i ncep-EMprogram lGakbdé&hCanductalf lasParscientific
investigation, meaning that these activities are condudthdut any compliance,
regulatory, or oversight responsibilities. As such, there are no specific requirements for
reporting data other than the adoption of good scientific practices. An example of reporting
decisions made by CEMRC for this program is whetb correct or not to correct data for
blanks. The decision to subtract blanks from the monitoring data was made by the senior staff
in the mid1990s because the consensus opinion was that this procedure provided the best
means for determiningtheanays 6 t r ue c o n c-tree estinaates obthesvalues. . e. b
The practice of correcting environmental data for blanks is well established, as described by
theInternational Union of Pure and Applied ChemigityPAC) and thdnternational
Organizatiorfor StandardizatiolSO). See also
http://epa.gov/waterscienceéthods/det/faca/mtg20051208/blank.html

Quality Assurance Program

Beginning in early 2002, a significant eff
guality system to meet applicable requirement
(DOE/CBFO) Quality Assurance Program Document (QAPD, €2%€1012). This effort

wasinresppse t o the DOE/ CBFOO6s request for a chan

8 Carlsbad Environmentdionitoring & Research Center 2011 Report


http://epa.gov/waterscience/

Overview

to become more closely aligned with scientific and analytical activities seen by DOE/CBFO
to support the safe and efficient operation of WIPP. As a result, CEMRC produced a center
wide Quality Assurance Plan (QAP), €¥AP-004, which was subsequently submitted to

and approved by DOE/CBFO.

Internal audits were performed during 2011 on the following programmatic areas:
Environmental Chemistry, Field Programs, Information Managerir@atnal Dosimetry,
Organic Chemistry, and Document Control. A summary of 2011 audits is reported in
AppendixC.

Quality Assurance/ Quality Control for Organic Chemistry

The following audits were conducted on the Organic Chemistry group: A WTS
guality assurance (QA) audit was conducted in June 2011 as part of the routine yearly audits
for VOCs Confirmatory Monitoring Program including VOC, Hydrogen and Methane
sample analysis, and canister cleaning and certification services. The program and process
eshblished and implemented by the Organic Chemistry group passed the audit successfully
without any findings.

Additionally, a CEMRC internal audit was also conducted on the OC group in July
2011 in compliance with the QGe®OCgoups QAP.
continues to operate an effective and responsive program.

Lastly, independent quality assurance samples, true values not known at the time of
analysis, were also obtained from an outside source (Wibby Environmental, a Phenomenex
Company) in2011 to verify the performance of the instrumentation and the proficiency of
the analyst. The OC group passed the study successfully for all target VOCs. Moreover,
analysts were able to identify all other A@inget analytes present in the sample.

Quality Assurance/Quality Control for Radioanalyses

Routine quality assurance/quality control activities conducted for-eathtyses
include tracking and verification of analytical instrument performance, the use of American
Chemical Society certified reagentise use of National Institute of Standards and
Technology (NIST) traceable radionuclide solutions, and verification testing of radionuclide
concentrations for tracers not purchased directly from NIST or Eckert & Ziegler Analytics.
When making laboratorgolutions, volumes and lot numbers of stock chemicals are
recorded. Prior to weighing radionuclide tracers and samples, the balance being used is
checked using NIST traceable weights.

Control checks were performed on all counting instrumentation ea¢hdagror
prior to the counting of a new sample. The type of instrument and methods used for
performance checks were as follows:

For the Protean 9604 ghsl ow U/ b proporti onal counter
alpha/beta on FAS filters, efficiency contolarting was performed usidgiPu and®Sr

check sources and checks -talwaswithmdiciss. t o ensur e
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Additionally, sixtyminute background counts were recorded daily andd0 FAS filter

blank counts were recorded every tweeks. Lastly, two blanks per week for the FAS
program were counted for 20 hours and were used as a background history for calculating
results.

For the high purity germanium (HPGe) detector systems, routine background
determinations were made by countbignk samples and the data was used to blank correct
the sample concentrations.

For the Oxford Oasis alpha spectrometer, efficiency, resolution and centroid control
charting was performed usin§fGd and®*‘Cm check sources on a regular basis. Before each
sample count, pulser checks were performed to ensure acceptable detector resolution and
centroid position. Blanks counted for 5 days were used as a background history for
calculating results.

The radiochenuial equations used for the calculation of minimum detection
concentration (MDC), standard deviation (SD) are describ@gpendixD. The accuracy of
the radiochemical analyses was evaluated by analyzing calibration standards, method blanks
(tracer blank)and laboratory control samples (LCSs or blank spikes). LCSs are QC samples
that check whether the analysis procedure is in control or not. Analysis of LCSs containing
the isotopes of interest was performed on a minimum 10% basis (one per every batch of te
or fewer samples). LCS results for each isotope were tracked on a running basis using control
charts. All radiological LCS results fell within the acceptable ranges, indicating good
accuracy

Laboratory procedural and instrument accuracy was alseegetifrough
participation in the DOBMixed-Analyte Performance Evaluation PrograAPEP) and
National Institute of Standards and Technole@adiochemistry Intercomparison Program
(NIST-NRIP) interlaboratory comparison programs. Under these programsRCEM
analyzed blind check samples with the analysis results compared against official results
measured by the MAPEP and NRIP laboratories. Performance was established by percent
bias,calculated as shown in Tables E.E.3. During20162 0 11, CEMRE&nkssry r adi och
program analyzed MAPEP air filter, water, and soil; MAPEP gross alpha/beta for air filters
and water; and NISNRIP glass fiber filter, acidified water and soil samples. Isotopes of
interest in these performance evaluation programs W&f&U, 238U, 28y, 2%*%4Py, 2'Am
and some gamma radionuclides. The analyses we
separation procedures and were treated as a regular sample set to test normal performance.
CEMRCO6s results wer e c oaue.iRssultsmomlthg MAPERa® t o t h
NIST-NRIP proficiency tests are presentaddppendiced. Only two analysis results,
41Am in MAPEP radiological filter (RAF25) matrix and gross beta activity on filter (GrF25),
did not meet the accuracy acceptance cat&ased on the number of A (Acceptable) ratings
earned by CEMRC for the analysis of performance evaluation samples, the laboratory
provided accurate and reliable radionuclide analysis data for the WIPP environmental
samples.
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Quality Assurance/Quality Control for Environmental Chemistry
Inorganic Analyses

The analytical methods employed for inorganic analyses in the environmental
chemistry program at CEMRC are based, when applicable, on various standard procedures
such as EPA 200.8 and EPA 6020. For somagrix/analyte combinations, appropriate
external standard procedures do not exist, and for those cases, specialized procedures have
been developed to meet the needs of the WHRRporogram and other research projects.
Additionally, a CEMRC internal auditas conducted on the EC group in February 2011 in
compliance with the Centerds QAP. The exit
group continues to operate an effective and responsive program. However, because several
years had lapsed since th€ Broup had last been audited; the EC group did receive several
findings and observations, a majority of which consisted of documentalated concerns.
Additionally, while many of the findings and observations were corrected during the course
of the audit, all findings and observations have since been corrected or addressed, and
therefore, the EC group is operating more efficiently as a result of this process.

Calibration checks are performed on all EC balances using NIST traceable weights
prior to e&h use. All pipettes used for quantitative transfer of samples are checked for
calibration monthly. All instrumentation is calibrated prior to each sample analysis. All
| abware not already pu-leahed sheute andall ieagent al f r e e
used for calibration, sample dilution, and analysis are either purchased as certified trace
metal grade or distilled thouse using a soiling quartz distillation apparatus.

For all environmental chemistry analyses, QC samples are analyzed witaegue
batch as an indicator of the reliability of the data produced. The types, frequencies of
analysis, and limits for these QC samples have been established in a set of standard operating
procedures. Calibration checks are run at the start of eaclesangtyses and periodically
throughout the sample run. Other QC samples checks include, but are not limited to,
Laboratory Reagent Blanks (LRBs), Laboratory Fortified Blanks (LFBs), duplicates, and
Laboratory Fortified Matrix samples (LFMs). In cases wehduplicate aliquots from the
original sample were not feasible (such as FAS filters), separate aliquots of the sample
extract were analyzed for the duplicate and LFM analyses. All samples and standards for
elemental analysis are spiked with an intertexhdard to determine sensitivity and
malfunction during analysis.

Method detection limit (MDL) is determined annually for each analyte as per EC
procedures as outlined in 40 Code of Federal Regulations (CFR) Part 136, Appendix B.

Independent quality assurance samples are obtained and analyzed to verify the
performance of the instrumentation and the proficiency of the analyst. Annually, blind
samples (obtained from an outside source, with true values not known at the time o$analysi
are analyzed. However, since blind samples are usually diluted many times, the instrument is
not optimized for any one or group of elements, and the instrument measures such a large
number of analytes at one time at or near their MDLs, several anaftigasexceed the
acceptable range by several percent. Elements commonly falling into this category include
aluminum, beryllium, cobalt, and iron, which increases the overall uncertainty of the
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analyses. Examples of results from a blind sample (from thiedimental Resource
Associates [ERA] WatR' Supply Proficiency Testing Study) for 2011 (the time period in
which the 2011 samples were analyzed) are givémnguare D.2and TableD.4 gives an
example of the daily performance tests for 1K1B.

Quality Assurance/Quality Control for Field Sampling

For the collection of most WIREM samples, no external standard procedures are
considered completely appropriate for the objectives of the studies. In these cases,
customized plans are developed and documentiéek. the activity is completed, the plan is
revised to reflect any departures from the original plan, and documented to file. For most
environmental media, the sampling plans combine selected standard procedures with specific
adaptations to address sciéintobjectives of interest. For example, procedures for collection
and preservation of samples for compliance with the Safe Drinking Water Act requirements
are applied to the collection of drinking water and surface water samples, but the locations of
samjpe collection are selected on the basis of other criteria. Likewisevioigime air
samplers are operated to meet an EPA standard of 2raify but the frequency of filter
replacement is based on optimal loading for radioanalysis.

Logbooks are maintaed by technical staff in field operations to record locations and
other specifics of sample collection, as well as data on instrument identification,
performance, calibration and maintenance. Data generated from field sampling equipment are
error-checkedby using routine cross checks, control charts and graphical summaries. Most
data collected in written form are also entered in electronic files with electronic copies being
crosschecked against the original data forms on a routine basis. All electiemardi
backed up daily and paper documents are digitized and backed up monthly.

Calibration and maintenance of equipment and analytical instruments are carried out
on predetermined schedules coinciding with ma
special project needs. Calibrations are either carried out by equipment vendors or by CEMRC
personnel using certified calibration standards.

Quality Assurance/Quality Control for Internal Dosimetry

Theinvivobi oassay program at CEMRC participates:s
In Vivo Laboratory Accreditation Program (DOELAP) via the WIPP, and is currently
accredited as a service laboratory to perform the following direct bioassays:

e Transuranic elements viaw energy Xray in lungs

e 2Amin lungs

e 2*Thin lungs

e Uinlungs

« Fission and activation products in lungs includifign, *®Co, *°Co and**‘Ce
« Fission and activation products in total body includitfgs and='Cs

Under DOELAP, then vivobioassay program is subject to the performance and
quality assurance requirements specifieDapartment of Energy Laboratory Accreditation
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Program for Radiobioassa{DOE-STD-111298) andPerformance Criteria for
RadiobioassayANSI-N13.30). A DOELAP teting cycle was completed in 20@®10 that
included counting phantoms representative of each of the categories listed above. The next
testing cycle is scheduled for 2013/2014.

To evaluate system performance, quality control data were routinely collected
throughout the year in order to verify that the lung and whole body counting system was
operating as it was at the time the system was calibrated. Quality control parameters that
track both overall system performance and individual detector performancene@seared.
Quiality control parameters tracked to evaluate individual detector performance, included:

e Net peak area, peak centroid and peak resolution, commonly referred tovasithl
half-maximum (FWHM) across the energy range of the spectrum,
e Detecta background

Quiality control parameters tracked to assess overall system performance included:

« Meanweighted activity of a standard source
e Summed detector background

In addition, calibration verification counts were routinely performed uSiIigy -
traceable standards and phantoms.

Additionally, the Internal Dosimetry program also participated in an intercomparison
study program for whole body counting administered by Oak Ridge National Laboratory
(ORNL). Under this program, bottle phantoms tedming unknown amounts 61'Cs,*°Co,
>'Co,%8Y and™**Ba were sent to CEMRC quarterly. The phantoms were counted on the lung
and whole body counting system and the measured activities were reported back to ORNL
and compared against the known activitieable D.1shows a example of results fahe
last threequarters of 2010 and the first three quarters of 2Bad all years since CEMRC
began participating in the ORNL program, CEMRC has consistentyertdrmed all other
laboratories in this area.
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Figure 0.1. CEMRC Organizational Chart
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WIPP Exhaust Air Monitoring

CHAPTER 1

WIPP Exhaust Air Monitoring

Introduction

The WIPP exhaust air from the underground is measured by four monitoring stations
referred to as Stations A, B, C, and D. Eafdtion is equipped with at least asied-
mounted particulate air sampler, called a fra#dsampler (FAS)Station A is an above
ground air sampling platform that is shared by several other environmental monitoring
groups. At this station, unfiltered air is exhausted from the repositbng @mmosphere. At
station B, HEPA (High Efficiency Particulate Air) filters are first used to filter the exhaust
from the repository. While ifiltration mode stations A and B are mutually exclusive (i.e.,
when air is exhausted from station A, nonexisaisted from station B and vice versa). Both
stations A and B sample the same air when operating mairgenance bypasseduced or
minimummode. Station C is used to sample the exhaust from the WHB (Waste Handling
Building). Prior to sampling activés at station C, the collective air passes through HEPA
filters. Lastly, station D is located at the base of the exhaust shaft and occasionally serves as
a backup skid for station A.

The effluent studies at StatioR A are a n
Environmental Monitoring (WIPHEM) program. Station A is an abogeound air sampling
platform shared with several other groups, and sampling operations there provide a way to
monitor for releases of radionuclides and other substances in the exh&ost diire WIPP.
In addition, should radioactive materials be released from the facility, one would expect to
detect it at Station A before it is observed in the local population or environfenéfore,
CEMRC has developed procedures and methodstojgrovid figui ck | ooko (i . ¢
days when possible) at radioactive materials present in the exhaust air. Under this scenario,
the data from Station A provide a preliminary look at the monitoring results and, while these
results are less specific anddadetailed than those from the other studies, the data can be
used to trigger more detailed investigations when appropriate.

The sensitivity of the CEMRC WIREM program at Station A was first
demonstrated in January 2001 when CEMRC found elevatedlggtassadioactivity in the
FAS sample filters. Further investigations eventually traced the source of the beta emitter(s)
to the discharge of a fire extinguisher underground; however, the incident was notable
because it demonstrated, for the first time,abiity of the monitoring system to detect a
nortroutine event. A second incident occurred in the second calendar quarter of 2003 when
CEMRCoO6s scientists reported that t*f%%u had de
in a composite aerosol sata. This discovery was later corroborated by both EEG
(Environmental Evaluation Group) and WTS through the analyses of samples that were
independently collected and analyzed. The detection of Pu in the exhaust air led to the
issuance of a CEMRC reporttiee U.S. Department of Energy (DOE) and a briefing
presented tthe New Mexico Environment Department (NMED). Although the activity was
extremely low and well within historic background, it indicated the ability of the monitoring
program to detect radionligtes of interest at any level above the MDC. Similarly, trace
concentrations of°**Pu,?*®Pu and americiunf{’Am) were detected in February, 2008;
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April, 2009; and July, 2010 composite samples by CEMRC scientists. These detections were
alsocorroborated by both WTS and NMED as well. tkgh 2*Pu and***%*Pu were

detected above MDC, the activity ratios betw&&Ru t0******Pu were calculated in order to
understand the source of these radionuclides in the WIPP exhaust air sampihesail he

238py t0*9"*Puactivity ratio 0f0.025+0.00bbserved in these samples are consistent with
the source being largely related to global fallout. Within global fallout, atmospheric nuclear
tests have been the major source of radiological contaminataate in the environment.
Approximately 6 tons of**Pu were introduced into the environment from more than 500
atmospheric weapon tests conducted between 1945 and 1980 (Vincent et al., 1997). This
fallout was distributed globally at an approximately @&tio between the northern

hemisphere and the southern hemisphere. Additionally, local and regional contaminations of
plutonium in the environment have resulted from nuclear accidents such as Chernobyl and
FukushimaThese events resulted in the releassubistantial quantities of radioactive
contaminants into the global environment. CurredtPu,**%Pu, and*%Pu isotopes can be
measured as traces in environmental samples iffPa to?***#*Pu activity ratio of 0.03 at
mean latitudes of £660° N (UNSCEAR, 1982).

Sample Collection

CEMRC commenced sampling of the WIPP exhaust air at StatmnPecember 12,
1998. Detailed descriptions of the sampling and analytical methods have been included in
prior CEMRC Annual Reports which are available on the CEMRC welsite.cemrc.org
In brief, the WIPP air sampéefor stations A, B, and D are collected ofwBn pore size47
mm diameter Versapor® membrane filters with the use of a shrouded probe, commonly
referred to as a fixed air sampler or FAS. The volume of air sampled at each location varies
depending on theampling location and configuration.

There are actually three shroudawbe aerosol samplers at Station A (Figure 1.1);
these are located on three separate sampling skids referred to as A1, A2 and A3. The
airstream sampled by each skid is split amonegthegs such that three concurrent samples
can be collected from each skid. The airflow through the FAS is approximately 170
liters/minute (6.0 cubic feet per minute, cfm). The samples at Station A are typically
collected daily except for weekends with werd samples running from Friday to Monday
so that continuous coverage is maintair@cdcasionally, however, more than one sample per
day is collected if the flow rate on any of the sampler legs drops below 1.8 cfm. Under this
scenario, a lowlow alarm an the sampler is activated and the filters are charig&l11, a
total of 444 filters were collected from Station A. The number of filters collected each year
from station A is shown in Figure 1.2.
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Figure 1.1. Fixed Air Samplers at Station A
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Figure 1.2. Number of FAS Filters Collected from Station A
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After the 2003 Pu detection, CEMRC implemented an additional FAS filter, called
the Trip Blank, which is a blank filter that accompanies the sample filter throughout the
whole process, includingansportation to and from the WIPP site as well as being placed on
the collector for approximately 15 seconds before being removed and placed in a sealed
container. Unlike the laboratory and reagent blanks, the Trip Blank can reflect sampling
errors or figdd contamination that is independent of laboratory procedures and reagents.

[Sample collectionJﬂ#' Gross alphafheta counting ]

1

{ Microwave digestion ]

1

[ Weekly composite samples J

1

[ Elemental analysis by ICP ]

I

Monthly composite samples ]

|
Gamma analysis

l Radiochemical separation ]

Figure 1.3. Flow Diagram Showing the Handling and Analysis of FAS Filters

Sample Preparation and Analysis

All analyses of the FAS filters are performed according to the methods detailed in the
CEMRC documentontrolled, standard operating proceduesimplified scheme of the
sample preparation process is shown in Figure 1.3.

Once the samples are collecteoit the field and returned to the laboratory, the
individual filters are desiccated for two days to ensure that any moisture on the filters are
evaporated and to ensure a complete decay of daughter prodtf@noOnce dried, the
filters are then weighteto determine mass loadings. Following the desiccating and weighing
process, the filters are counted for gross alpha/beta activities usingoad&ground gas
proportional counter (LB4100 Canberra, and more recently starting in April 2006, a Protean
MPC3%04). The use of such a counter is described in an American National Standards
Institute Publication (ANSI 1997). The gas proportional counter can operate in two modes:
(1) alpha then beta and (2) alpha/beta (ANSI 1997). Mode (1) is more useful, agst allo
simultaneous detection. In this case, the detector operateaipilageau, while alpha and
beta particles can be distinguished by either pulse height or pulse shape(Quinoghand
Lindstrom 1973; Wink et al. 1993). The main interference is ftomsstalk or spillover in
the case of pulse height or pulse shape, respectively. While gross screening analyses are not
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as accurate nor as precise as more detailed radiochemical separations, they are intended to
provide rapid information associated witparticular action level with minimal chemical
preparation. Additionally, these types of an
measurements, -ofutmamgat heirdeor denrer ef ore, i1 ts 1
low costs and simpdity (Semkow et al., 2004).

In preparation for grosalpha/betaounting, the filter is centered on a stainless steel
planchet. The standard planchets for the alpha and beta were prepared from certified
solutions of*Pu and®SrP% obtained from Analytics, Inc. (Atlanta, GA, USA). The
planchet is counted on a lewackground gas proportional counter for 1,200 minutes. The
sample detectors are gas flow window type counters with anthitravindow. The counting
gas was R0, which & a mixture of 90% argon and 10% methane. The operating voltage on
the detector was selected as 1,450V. All samples flow at a pressure slightly exceeding
atmospheric. The window consists of @/cm Mylar foil with a tint of evaporated Au. The
small size bthe detector and the guard ensure a very low background in this system, ~0.5
and ~0.04 counts per minute for beta and aftpspectively. Daily performance checks are
done using calibration sourcé&Pu for alpha and’Srf°Y for beta, for efficiency entrol
charting (2 warning and 3 limits) and ensuring that alpha/beta cree& are within limits
(O 0Oi%tlb beta and O O0.-hitwtetbackgeund counts aradlsp ha ) .
recorded daily (count must be within the mean backgrounqgl B cainting an empty
planchet. The sefibsorption curve was obtained individually for alpha and beta and used for
all sample counts. The mean counting efficiencies for the system are found to be around 25%
for alpha and 40% for beta.

Since the levels of radamtivity encountered in environmental samples are typically
low, a long counting time is often necessary. The detection limit, i.e., minimum detectable
concentration (MDC), is calculated from a combination of instrument calibration parameters
(efficiency, attenuation factor, background and background counting time) and sample
parameters (residual mass, volume and sample counting time). The levels not detected or less
than MDC occur when the activity concentration is less than calculated uncertainty.

The goss alpha and beta activities are expressed in the following two ways. First, the
activity concentratioris calculated as the activity per unit volume of air sampled (Bg/m
Secondactivity densityis calculated as the activity per unit aerosol mass collected (Bg/g).
The flow volume (per cubic meter) and the mass loading (mg) on the monthly composite
samples are listed in Table 1.1.

Samples for actinidand inorgani@nalyses are prepared by usmigrowave acid
digestion in a CEM MARSE XpressE microwave u
|l ndi vi dual FAS filters are placed in separat
acid matrix consisting of nitric acid, hydrochloric acid, and bftdoric acid. A blank filter
and Certified Reference Material (CRM) filter are also digested in the same manner for QC
purposes. All acids used in the digestions are concentrated and purified either by using a
Milestone Inc. sudboiling quartz distillat on appar atus or purchased
After digestion, the FAS filter solutions are then combined into weekly composites and a
small aliquot of each weekly composite is removed for inorganic analysis by inductively
coupled Plasma Mass Spectretry (ICRMS).
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The weekly composites are then combined into monthly composite samples for the
determination of actinide and gamma measurements. The detection and measurement of
gamma radionuclides on filter samples are carried out asiog-backgroundHPGe ce
axial detector with a count time of 48 houBsly one half of the composite sample is
normally used for the determination of the actinide activities and the remaining aliquot is
archived. The composite sample is evaporated to dryness, and dhue risgiligested in
perchloric acid (HCIQ) to destroy the black residue, which consists mostly of diesel exhaust
particulates. The actinides are then separated as a grougpbgogaitation on iron Il oxide
(Fe(OH}Y). Pu is separated on an anion exchaAg&l-X8 in 8M nitric acid (HNQ) and
purified on a second anion exchange column in 8M hydrochloric acid (HCI). Am and
uranium (U) are separated on TRU extraction chromatography column followed by
purification of U on an anion exchange column. The sangskethen micraco-precipitated
with a neodymium carrier (Ndarrier) and counted on an alpha spectrometer for 5 days.

The primary purpose of the WIFEM plan, including the studies at Station A, has
been to compare pres. postdisposal conditions. The WP received its first radioactive
waste shipments on March 26, 1999. This is considered to be tb# date separating the
pre-disposal phase from the pafisposal, or operational phase. The first shipment of mixed
waste arrived at the WIPP on Septeer 9, 2000. Data for samples collected prior to this
date compose a praixed waste baseline for the elemental data, while those collected
afterwards are considered operational. In Figures 1.4 through 1.8 and Figures 1.22 through
1.27 discussed in thHeadiological and No#Radiological sections below, data points are
distinguished by color for the paperational and operational monitoring.

RADIOLOGICAL MONITORING RESULTS

Gross Alpha and Beta Activities and Aerosol Mass Loadings

The gross alpha and beta activities in the samples collected prior to the receipt of the
first waste shipment represent the-gigposal background, and the bulk of the activity in
those samples results from naturally occurring radioactive materialsficgdgcradon
daughters. Summary statistics for mass loading and gross alpha/beta are given in Tables 1.2,
1.3, and 1.4. Additionally, as shown in Table 1.2,greeoperational gross alpha activity
densities and concentrations were both low comparedtigtAnnual mean values for the
first five years of operation, but have gone back up above thepgr@tional levels during
20072011. Gross alpha activities exhibit clear seasonal variability with peaks occurring in
the winter (Figures 1.4 and 1.5). Arpesially pronounced annual cycle in al@wivity
concentrations, with high values in December and January and low valugeanidas seen
in 2004 to 2005 and again in 2007 to 2008. In 2011, activities appear to have gone back up to
pre-operational leved and an overall slightly increasing trend can be seen over the years from
2003 to 2011.

Similar seasonal trends in gross beta data can be seen in Figures 1.6 and 1.7. The
pronounced annual cycle in beta activity concentrations, with high values in Dexcancb
January and low values myear are seen through all the operational monitoring period from
2000 through 2011. The beta activity concentration of 58.4 mBajsserved in 2001 (Table
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1.3 and Figure 1.7) is due to contamination released from an-gralerd fire extinguisher.
Overall beta activities have remained consistent over the years. As shown in Figures 1.6 and
1.7, the betaensity and concentration have not increased during the monitoring period. The
reported gross alpha and batdivities arenormalized by dividing the measured activities by

the mass loadings on the sample filters or by the volume of air sampled. Therefore trends in
the activity densities could either be due to changes in the amount of radioactivity in the
sample or the aerobmass in the samples (the volumes of air sampled, which are not shown,
have changed little during the course of the program and so there should be little or no effect
on the activity concentrations). A tinseries plot of the aerosol mass loadings (FEgur.8)

show a trend towards lower sample masses beginning in 2004 and also less scatter in the
gravimetric data and then increases again in late 2007 through 2011. The latter point is also
evident in Table M4, which shows that the relative standard eiirer the standard error
divided by the arithmetic mean and expressed
2009 of the study compared with 10% to 20% in 1999, 2001, 2002, 2010, and 2011. This
decrease in aerosol mass loadings would directly coteriouthe high alpha activity

densities observed in the more recent years of the \MN?PThe average mass loadings on
Station A filters from 199&011 are plotted in Figure 1.9 to show the trend.

The weekly and monthly average of gross alpha and getasabtivity concentrations
measured in Station A samples from 1998 to 2011 are shown in Figures 1.10 to 1.13. Gross
activity concentrations appear to increase during summer and autumn months. The annual
average of gross alpha and beta activity conceatratieasured in Station A samples are
shown in Figure 1.14. The activity concentrations of alpha and beta emitters have not
changed greatly since the inception of the studies; the gross alpha activities appeared to
decrease slightly after the WIPP becameraponal and then in 2007 and 2008 began to
increase again to pidisposal levels, while beta activity remains slightly lower tharn pre
operational levels. The observed trends may be results of environmental phenomena, changes
in WIPP operational practicesr a combination of these factors. The most noticeable
decrease in these measurements appeared to coincide with increased mining activity at the
WIPP. The maximum detectable concentrations of gross alpha and beta as well as aerosol
mass loading in StatioA filters from 1998 to 2011 are summarized in Table The high
mass loading is usually associated with low gross alpha/beta activity. This is consistent with
the previousstudies in which it has been shown that WIPP salts contain lower amounts of
natually occurring radioactive elements (e.g., U and Th) than crusteliyed materials
(USDOE, 2000)This suggests that operations at the WIPP (e.g., salt from the underground
mining, construction or road dust) may have generated some aerosols thhtitaohto the
mass loadings but contain less naturally occurring radionuclides than ambient aerosols
typically do.It would be expected that as the proportion of salt per unit of aerosol mass
increases, radioactivity per unit mass in WIPP effluents woudckdse.

Actinide Data
Results of actinide analyses performed on monthly FAS composite samples are

presented in Table 1.6. Whenever the word s
taken to mean fAda monthly composite FAS sampl
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No detectable concentrations®81Pu,**°***Pu or***Am were detected in any of the
2011 samples. However, a trace amount of cesttfi@s) and 1¥'Cs) was detected in the
March monthly composite samples due to the Fukushima NPP accident in Japan. For more
information on this event, see chapter 7 of this report. To confirm the detection of cesium
isotopes in the March primary monthly composite santpeeMarch backup monthly
composite sample was also analyzed. Thanaysis of the backup samples also showed a
detection of*‘Cs and®*'Cs. It is important to note that prior to this instance, CEMRC has
not detected isotopes of cesium in any of thepmstie samples since the monitoring
operations began in 1998herefore, the detection of Fukushima radionuclides further
highlight the sensitivity of the CEMRC analysis and help assure local community
constituents that no amount of radionuclide can go unetected by the CEMRC
monitoring stations.

The activity concentrations 61°"2*Pu, #%u,?*'Am, **Cs,*'Cs, and cobalf{Co)
measured in the 2011 monthly composite samples are illustrated in Figures 1.15 to 1.20. As
shown in Figures 1.18 and 1.19tactivities of thé®*'Cs and"**Cs isotopes were above
detection limits for the month of March, 20The time series of th&**?*Pu and*'Am and
239+24by and?®*¥Pu activity concentrations in the WIPP exhaust air from the period from 1998
to 2011 areshown in Figures 1.21 and 1.22, respectivAlyanalysis of historical
operational data indicates occasional detections of trace amdiitdPu, 2%u,*'Am
and™*'Cs in the exhaust air release from the WIP®m 2000 until 2011, only ten
measuremas can be declared as a detection of a radionudlitese measurements are
listed in Table 1.7. For comparison, the values detected above detection limits by WTS are
listed in Table 1.8. The consistency between the CEMRC and WTS data further refllects hig
gual ity and sensitivi t yHoweber, Cdhodid Gethstedthatni t or i ng
these activities were extremely low and well below the action level of 37°Biatntriggers
the Continuous AiMonitors (CAMs) that are distributed throughout the WIPP. The
historical average radionuclide concentrations dafégb%‘“i?u,BgPu,Z“Am measured by
CEMRC from 20062011 are summarized in Tables 1.9 to 1.11.

The naturally occurring isotopes of U were deteateall monthly FAS composites
in 2011. The averagé’U/?®U activity ratio of 1.66+0.22 in the WIPP underground air
samples indicates the presence of natur@lidble 1.12)%**U results were similar to those of
238 for activity concentration and dengsitndicating secular equilibrium between the two
isotopes. These results are consistent with those reported in previous CEMRC, reports.

With the exception of occasional detections ff8K, no detectable gammemitting
radio-nuclides were observed duritige monitoring period 201The minimum, maximum,
and average concentrations of radionuclides for the 2011 FAS composite samples are
summarized in Table 1.13.

NON-RADIOLOGICAL MONITORING RESULTS

Elemental analyses by Inductively Coupled Pladass Spectrometry (IGRIS) are
conducted on weekly composites of the filters. As mentioned previously, individual FAS
filters were digested using a mixture of strong acidsinaGEMR S E Xpr ess E
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microwavedigestion unitBlank filters and Certified Reference Material (CRM) filters were
also digested in the same manner for QC purp@dkacids used were concentrated and
purified either by using a Milestone Inc. sbibiling quartz distillation apparatus or

pr chased-mas afibr gcade.

Weekly composites were then prepared from the digestates of the individual filters
and analyzed for a wideinge of elements. A lowesolution Perkin Elmer Elan 6100 ICP
MS was used for the analysis which has a peak résolat <0.71amu for the mass range
reported. The mass calibration value is within 0.1amu of the published true values for the
mass range reported. The system was configured with digBfrcrossflow nebulizer and
a Scott spray chamber. All samples evanalyzed using a nickel sampler and skimmer
cones. Triplicate readings were performed on each digestate, with the average result
reported.

The ICRMS analyses used at CEMRC can provide data for up to ~35 elements in
FAS filters, but in practice the coentrations of some elements, including, but not limited to,
As, Be, Cd, Er, Eu, Sc, Se, Sm, Tl and V are often below detectable or quantifiable levels. A
second set of elements (notably Ag, Li, and Sn) often have variable concentrations in the
blank filters which makes their quantification difficult.

Only the following metals will be reported herein: aluminum (Al), cadmium (Cd),
magnesium (Mg), lead (Pb), thorium (Th), and uranium (U). Al is of particular interest
because of the correlation between thedicentrations in ambient aerosols and the
activities 0f?***?*Pu and®*’Am (Arimoto, et al. 2002, 2005, and 2006). Windblown dust is
the main source of Al and many other elements (Fe, Mg, Mn, Sc, and the rare earth elements)
It is also the maisource bnaturally occurring radionuclidegcluding U, and fallout
radionuclides such as Pu and Am. Kirchner, et al. (2002) has also discussed relationships
between Al and various radionuclides, both artificial and naturally occurring, in soils. Several
potentally toxic elements (i.e., cadmium (Cd), lead (Pb), Th, and U) which are components
of the WIPP mixed waste were already present in measurable amounts in the WIPP aerosol
effluent prior to the receipt of mixed waste.

According to the Environmental Protection Agency (EFA),is found naturally in
the environment as well as in manufactured products. The major sources of lead emissions
have historically been from fuels in-eoad motor vehicles (such as cars and truaksl)
industrial sources. The major sources of lead emissions to the air today are from ore and
metals processing and pistengine aircraft operating on leaded aviation gasoline. The EPA
primary standard (established limits to protect the public healtluding the health of
"sensitive” populations such as asthmatics, children, and the elderly) for lead in ambient air is
0. 1 5 *avagaged over a rolling®onth average (US EPA 2012).

Prior studies at Station A have shown that concentrations of hazangtals and
various trace elements can be highly variable over time; this was true even in the samples
collected prior to WIPP receiving the mixed waste in September Bla@@ever, there is no
evidence of a longerm increase in the concentrations of anyfdhese elements that can
be linked to the WIPP operations.
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Time-series plots of the selected trace elemental data from 1998 to the present are
exhibited in Figures 1.23 through 1.28. Some data is missing from the elemental data plots
because of a samph®lding time issue in the fourth quarter of 2004. Furthermore, the data
presented in these plots only reflect concentrations above MDC. The MDCscateulated
annually, and vary slightly from year to year. The concentrations of Cd, Th, and U regularly
hover right around the MDC and in 2009, concentrations for these elements never exceeded
the MDC.

During the fourth quarter of 2010 with catoyer into the first quarter of 2011 there
was an increase in the mining activity at the WIPP due to additispadshl panel mining as
well as mining in the experimental operations (XO) afd. increase in metal
concentrations as a result of the increased mining activity for January 2011 could also be
augmented by the fact that the winter weather has been rdyickger and windier than in
recent history.

Additionally, in October 2011, there was an inadvertent release of the fire suppression
material, FORAY® in the underground at the WIPP. The affected FAS filter was digested
and analyzed separately from thaatOctober 2011 filters to avoid any potential for
contaminating the other filters. The results are included along with the 2011 average monthly
concentrations for the selected elements shown in Figures 1.29 through 1.34. The material,
FORAY®, contains s@ll amounts of Attapulgite Clay (a salt containing Mg, Al, and
silicate) in the range of-8% by weight so the slightly higher concentrations for these
elements compared to the average concentrations for October are expected. While slightly
higher concenations than the monthly October 2011 average were observed for Th and U,
they do not exceed p@perational levels. Additionally, the radiochemical analyses discussed
earlier in this chapter confirms that the concentrations of radioactive isotopes faod Th a
were well below environmental levels.
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Table 1.1. Total Air Flow Volume and Mass Loading Recorded in
Monthly Composite Filters in 2011

Month SID Air Flow volume (m~) Mass Loading (mg)
January 26179 1355.50 1957.29
February 26181 2156.76 509.93

March 26183 2508.77 219.66

March (BU) 27363 1699.21 146.91
April 26185 2390.93 275.83
May 26187 2331.46 277.33

June 26189 2420.25 263.02
June (BU) 27283 2428.54 230.74
July 26191 2460.13 269.82
August 26193 2511.41 181.63
September 26195 2205.54 42.41
October 26197 2430.14 65.26
November 26199 2446.71 143.23
December 26201 2604.79 183.93

BU= Back-up filter
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Figure 1.7. Gross Beta Activity Concentrations measured in Station A Filters

Table 1.2. Summary Statistics for Mass Loading and Gross Alpha Analyses of

Station A Filters

Activity Density (Bq/g) Activity Concentration (mBg/m3)

Group N % <MDC | Mean SE Max | % <MDC | Mean SE Max
Pre-Disposal 70 0% 3.6 0.59 36.7 0% 0.315 | 0.031 | 1.49
1999 185 1% 1.9 0.33 61.4 1% 0.110 | 0.005 | 0.37
2000 465 67% 1.0 0.07 3.8 67% 0.112 | 0.005 | 0.39
2001 428 65% 1.3 0.12 9.6 65% 0.082 | 0.004 | 0.42
2002 382 33% 1.0 0.13 215 34% 0.081 | 0.002 | 0.26
2003 345 35% 2.1 0.61 135.4 35% 0.104 | 0.005 | 0.40
2004 370 17% 2.4 0.18 26.6 17% 0.144 | 0.008 | 1.29
2005 361 4% 5.6 1.07 327.8 4% 0.223 | 0.006 | 0.71
2006 264 3% 3.1 0.21 35.4 3% 0.166 | 0.007 | 1.43
2007 378 0% 9.1 1.3 421.2 0% 0.444 | 0.014 1.44
2008 431 1% 10.1 1.20 345.1 1% 0.455 | 0.011 1.53
2009 433 4% 7.1 0.35 63.5 4% 0.357 | 0.008 | 1.03
2010 471 6% 4.6 1.74 | 815.0 6% 0.199 | 0.009 | 3.37
2011 443 7% 5.2 0.49 89.9 7% 0.218 | 0.007 | 1.00

N = Number of samples

MDC = Minimum Detectable Concentration

Mean = Arithmetic mean

SE = Standard Error

Max = Maximum observed value

*From 26 March to 31 December 1999
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Table 1.3. Summary Statistics for Mass Loading and Gross Beta analyses of
Station A Filters

Activity Density (Bq/g) Activity Concentration (mBg/m®)
Group N % <MDC | Mean SE Max | % <MDC | Mean SE Max
Pre-Disposal 70 0% 14.0 1.90 120 0% 1.14 0.09 494
1999 189 0% 20.0 2.20 350 0% 0.99 0.03 3.25
2000 461 6% 7.7 0.54 76 6% 0.98 0.02 2.73
2001 429 3% 12.0 1.00 190 3% 1.14 0.16 58.41
2002 382 2% 12.0 0.99 200 2% 0.90 0.02 1.97
2003 345 1% 20.0 6.30 2100 1% 0.79 0.02 4.77
2004 369 4% 16.0 1.50 460 4% 0.81 0.02 4.85
2005 361 1% 20.0 3.90 1300 1% 0.78 0.02 2.07
2006 324 1% 9.8 0.57 93 1% 0.61 0.02 2.10
2007 378 2% 11.3 1.89 616 2% 0.50 0.02 1.88
2008 431 3% 12.6 1.53 438 3% 0.52 0.01 2.25
2009 433 6% 11.3 0.64 114 6% 0.56 0.04 15.84
2010 471 3% 20.7 10.2 4780 3% 0.65 0.03 441
2011 443 7% 13.9 1.33 241 7% 0.55 0.02 3.87
N = Number of samples SE = Standard Error
MDC = Minimum Detectable Concentration Max = Maximum observed value
Mean = Arithmetic mean *From 26 March to 31 December 1999

Table 1.4. Summary Statistics for Aerosol Mass Loadings on
Station A (ug/m? per filter)

Group N Mean SE RSE (%)
Pre-Disposal 70 125.0 12.2 9.8
1999 189 171.2 17.1 10.0
2000 461 396.5 20.7 5.2
2001 429 285.4 29.4 10.3
2002 382 274.7 55.5 20.2
2003 345 204.3 12.7 6.2
2004 369 95.7 6.0 6.3
2005 361 90.2 3.9 4.3
2006 324 84.8 3.0 3.5
2007 378 125.2 10.2 8.1
2008 431 143.5 11.2 7.8
2009 433 100.2 6.0 6.0
2010 471 385.5 70.5 18.3
2011 443 176.0 24.5 14.0

N = Number of samples; Mean = Arithmetic mean

SE = Standard Error

RSE = Relative Standard Error in percentage (Standard error divided by Mean)
From 26 March to 31 December 1999
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Figure 1.10. Weekly Average Gross Alpha Activity measured in

Station A Filters in 2011
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Figure 1.11. Weekly Average Gross Beta Activity measured in

Station A Filters in 2011
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Table 1.5. Summary Statistics of Maximum Gross Alpha and Beta Activities
Mass Loading on Station A Filters from 1998-2011

and the Correspondin

Max. Alpha Beta Max. alpha Mass Max. beta Mass

Year mass activity activity activity, Bg | Loading | activity, Bq loading
loading Bq Bqg (mQ) (mg)

(mg)
1998 26.23 0.036 0.124 0.181 4.94 0.606 4.94
1999 87.66 0.008 0.042 0.067 7.84 0.430 7.98
2000 87.94 0.014 0.073 0.065 24.77 0.759 12.90
2001 | 307.51 0.016 0.237 0.030 19.32 0.491 3.21
2002 | 148.85 0.000 0.025 0.029 17.95 0.500 17.95
2003 92.68 0.013 0.156 0.035 69.20 0.248 10.82
2004 79.02 0.041 0.116 0.083 8.45 0.260 8.90
2005 31.73 0.021 0.068 0.106 19.93 0.355 19.93
2006 79.44 0.021 0.057 0.122 4.65 0.282 2.08
2007 76.46 0.037 0.048 0.125 4.22 0.162 4.22
2008 | 121.58 0.018 0.035 0.161 5.42 0.213 5.42
2009 32.52 0.034 0.036 0.085 10.56 0.301 2491
2010 321.2 0.0003 0.032 0.188 302.1 0.197 89.5
2011 79.0 0.049 0.115 0.049 79.0 0.310 6.27
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Table 1.6. Radionuclides concentrations in Monthly Composite Samples
Collected from Station A

Activity Concentration (Bgq/m®)

Activity Density (Bg/g)

Radionuclide | Activity | sb [ w~DC Activity | SD MDC
January 2011
“TAm 5.35E-08 | 4.46E-08 | 1.24E-07 | 3.70E-05 | 3.09E-05 | 8.60E-05
“°py 8.17E-08 | 5.89E-08 | 1.96E-07 | 5.66E-05 | 4.08E-05 | 1.36E-04
29r2%0py 1.63E-07 | 6.93E-08 | 1.96E-07 | 1.13E-04 | 4.80E-05 | 1.36E-04
U 2.90E-06 | 3.24E-07 | 3.13E-07 | 2.01E-03 | 2.24E-04 | 2.17E-04
>y 2.09E-07 | 1.39E-07 | 4.51E-07 | 1.45E-04 | 9.62E-05 | 3.12E-04
2y 2.43E-06 | 2.97E-07 | 3.13E-07 | 1.68E-03 | 2.05E-04 | 2.17E-04
Cs -453E-05 | 2.46E-05 | 8.24E-05 | -3.14E-02 | 1.71E-02 | 5.71E-02
“'Cs -8.80E-06 | 3.45E-05 | 1.15E-04 | -6.16E-03 | 2.39E-02 | 7.94E-02
*Co -5.43E-06 | 3.39E-05 | 1.13E-04 | -3.76E-03 | 2.35E-02 | 7.81E-02
K 2.56E-04 | 3.48E-04 | 1.15E-03 | 1.77E-01 | 2.41E-01 | 7.97E-01
February 2011
“am -1.13E-08 | 1.74E-08 | 7.70E-08 | -4.79E-05 | 7.36E-05 | 3.26E-04
“®py 0.00E+00 | 4.97E-08 | 2.18E-07 | 0.00E+00 | 2.10E-04 | 9.23E-04
29r2%0py 7.27E-08 | 3.85E-08 | 1.07E-07 | 3.07E-04 | 1.63E-04 | 4.52E-04
U 5.10E-07 | 1.70E-07 | 4.80E-07 | 2.16E-03 | 7.20E-04 | 2.03E-03
>y 1.26E-07 | 9.19E-08 | 3.05E-07 | 5.32E-04 | 3.89E-04 | 1.29E-03
) 3.17E-07 | 1.40E-07 | 4.198-07 | 1.34E-03 | 5.92E-04 | 1.77E-03
¥Cs -1.00E-04 | 1.69E-05 | 5.69E-05 | -4.23E-01 | 7.13E-02 | 2.41E-01
“'Cs -5.19E-06 | 2.19E-05 | 7.29E-05 | -2.20E-02 | 9.28E-02 | 3.08E-01
*Co 2.55E-06 | 2.09E-05 | 6.96E-05 | 1.08E-02 | 8.86E-02 | 2.94E-01
K 1.65E-04 | 2.12E-04 | 7.00E-04 | 6.98E-01 | 8.95E-01 | 2.96E+00
March 2011
“am -6.05E-09 | 2.67E-08 | 1.11E-07 | -6.91E-05 | 3.05E-04 | 1.27E-03
“Fpy 4.97E-08 | 3.93E-08 | 1.34E-07 | 5.68E-04 | 4.49E-04 | 1.53E-03
29r2%0py 3.73E-08 | 4.48E-08 | 1.63E-07 | 4.26E-04 | 5.12E-04 | 1.86E-03
U 4.89E-07 | 7.21E-08 | 1.01E-07 | 5.58E-03 | 8.23E-04 | 1.16E-03
>y 2.39E-08 | 2.39E-08 | 8.79E-08 | 2.73E-04 | 2.73E-04 | 1.00E-03
Y 2.81E-07 | 5.48E-08 | 8.69E-08 | 3.21E-03 | 6.26E-04 | 9.92E-04
Cs 1.48E-04 | 1.47E-05 | 4.48E-05 | 1.71E+00 | 1.70E-01 | 5.18E-01
“'Cs 1.09E-04 | 1.96E-05 | 6.26E-05 | 1.24E+00 | 2.24E-01 | 7.15E-01
*'Cs (BU) 1.70E-04 | 1.31E-05 | 4.04E-05 | 1.96E+00 | 1.51E-01 | 4.67E-01
*Co -4.44E-06 | 1.80E-05 | 5.99E-05 | -5.07E-02 | 2.05E-01 | 6.84E-01
K -8.37E-05 | 1.79E-04 | 5.97E-04 | -9.56E-01 | 2.04E+00 | 6.82E+00
April 2011

“Am 1.93E-09 | 3.08E-08 | 1.17E-07 | 1.67E-05 | 2.67E-04 | 1.01E-03
“py 6.66E-08 | 3.54E-08 | 1.06E-07 | 5.78E-04 | 3.07E-04 | 9.16E-04
239r240p 1.03E-07 | 4.43E-08 | 1.26E-07 | 8.95E-04 | 3.84E-04 | 1.09E-03
U 6.22E-07 | 8.71E-08 | 1.54E-07 | 5.39E-03 | 7.55E-04 | 1.33E-03
>y 6.99E-08 | 4.13E-08 | 1.29E-07 | 6.06E-04 | 3.58E-04 | 1.12E-03
2y 4.60E-07 | 7.49E-08 | 1.36E-07 | 3.99E-03 | 6.49E-04 | 1.18E-03
Cs -8.80E-06 | 1.05E-05 | 3.53E-05 | -7.71E-02 | 9.10E-02 | 3.06E-01
PCs 5.79E-06 | 2.39E-05 | 7.95E-05 | 5.02E-02 | 2.07E-01 | 6.89E-01
®Co 1.77E-05 | 2.24E-05 | 7.44E-05 | 1.53E-01 | 1.94E-01 | 6.45E-01
K -5.00E-04 | 2.49E-04 | 8.47E-04 | -4.34E+00 | 2.16E+00 | 7.34E+00
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Table 1.6. Radionuclides concentrations in Monthly Composite Samples
Collected from Station A (continued)

Activity Concentration (Bq/m®) Activity Density (Bg/g)
Radionuclide | Activity | sb | wMDC Activity | sb | wmMDC
April BU 2011
“TAm 1.50E-09 | 2.19E-08 | 8.06E-08 | 1.15E-05 | 1.68E-04 | 6.18E-04
“py 1.12E-08 | 3.37E-08 | 1.35E-07 | 8.63E-05 | 2.59E-04 | 1.04E-03
=57y 3.37E-08 | 2.52E-08 | 8.28E-08 | 2.59E-04 | 1.93E-04 | 6.35E-04
i) 9.26E-07 | 1.67E-07 | 2.46E-07 | 7.10E-03 | 1.28E-03 | 1.88E-03
U 2.16E-07 | 1.01E-07 | 2.71E-07 | 1.66E-03 | 7.75E-04 | 2.08E-03
=y 5.28E-07 | 1.59E-07 | 4.19E-07 | 4.05E-03 | 1.22E-03 | 3.21E-03
May 2011
“TAm 6.82E-09 | 3.22E-08 | 1.19E-07 | 5.73E-05 | 2.71E-04 | 9.99E-04
“®py 6.40E-08 | 4.33E-08 | 1.42E-07 | 5.38E-04 | 3.64E-04 | 1.19E-03
29r2%0py 6.27E-08 | 4.54E-08 | 1.51E-07 | 5.27E-04 | 3.81E-04 | 1.27E-03
U 4.24E-07 | 1.08E-07 | 2.74E-07 | 3.57E-03 | 9.07E-04 | 2.30E-03
>y 9.75E-08 | 5.16E-08 | 1.43E-07 | 8.19E-04 | 4.34E-04 | 1.21E-03
=y 2.67E-07 | 8.45E-08 | 2.21E-07 | 2.24E-03 | 7.11E-04 | 1.86E-03
Cs -2.72E-05 | 1.36E-05 | 4.56E-05 | -2.29E-01 | 1.14E-01 | 3.83E-01
“'Cs -3.36E-05 | 2.03E-05 | 6.77E-05 | -2.83E-01 | 1.70E-01 | 5.69E-01
*Co -1.37E-05 | 1.92E-05 | 6.41E-05 | -1.15E-01 | 1.61E-01 | 5.39E-01
K -5.14E-05 | 1.95E-04 | 6.50E-04 | -4.32E-01 | 1.64E+00 | 5.47E+00
June 2011
“am 4.85E-07 | 8.02E-08 | 1.20E-07 | 4.46E-03 | 7.38E-04 | 1.11E-03
“*py 4.44E-08 | 4.36E-08 | 1.57E-07 | 4.08E-04 | 4.01E-04 | 1.44E-03
29r2%0py 7.28E-07 | 1.35E-07 | 3.05E-07 | 6.70E-03 | 1.24E-03 | 2.80E-03
U 5.89E-07 | 9.56E-08 | 1.30E-07 | 5.42E-03 | 8.80E-04 | 1.20E-03
>y 1.74E-08 | 5.78E-08 | 2.28E-07 | 1.60E-04 | 5.32E-04 | 2.10E-03
Y 4.34E-07 | 8.77E-08 | 1.68E-07 | 4.00E-03 | 8.07E-04 | 1.55E-03
¥Cs -4.07E-05 | 1.31E-05 | 4.43E-05 | -3.75E-01 | 1.21E-01 | 4.08E-01
o) -2.19E-05 | 1.92E-05 | 6.42E-05 | -2.01E-01 | 1.77E-01 | 5.90E-01
*Co -7.15E-06 | 1.81E-05 | 6.03E-05 | -6.58E-02 | 1.66E-01 | 5.55E-01
K -8.09E-05 | 1.87E-04 | 6.23E-04 | -7.44E-01 | 1.72E+00 | 5.73E+00
June BU 2011
“Am 6.83E-08 | 3.54E-08 | 9.12E-08 | 7.19E-04 | 3.73E-04 | 9.59E-04
“®py 2.11E-08 | 3.65E-08 | 1.38E-07 | 2.22E-04 | 3.84E-04 | 1.45E-03
239r240p 4.21E-08 | 4.47E-08 | 1.58E-07 | 4.43E-04 | 4.70E-04 | 1.66E-03
U 5.74E-07 | 9.33E-08 | 1.62E-07 | 6.04E-03 | 9.82E-04 | 1.71E-03
>y 1.69E-07 | 5.54E-08 | 1.13E-07 | 1.78E-03 | 5.84E-04 | 1.19E-03
Y 2.72E-07 | 7.00E-08 | 1.62E-07 | 2.86E-03 | 7.37E-04 | 1.70E-03
July 2011
“tAm 2.72E-08 | 5.57E-08 | 2.11E-07 | 2.48E-04 | 5.08E-04 | 1.92E-03
“py -5.12E-08 | 6.16E-08 | 2.71E-07 | -4.67E-04 | 5.62E-04 | 2.47E-03
=57%py -1.71E-08 | 6.62E-08 | 2.71E-07 | -1.56E-04 | 6.03E-04 | 2.47E-03
U 8.14E-07 | 1.17E-07 | 2.16E-07 | 7.43E-03 | 1.07E-03 | 1.97E-03
U -1.61E-08 | 4.26E-08 | 1.94E-07 | -1.47E-04 | 3.89E-04 | 1.76E-03
U 5.83E-07 | 9.82E-08 | 1.83E-07 | 5.32E-03 | 8.95E-04 | 1.67E-03
¥Cs -3.08E-05 | 1.27E-05 | 4.29E-05 | -2.81E-01 | 1.16E-01 | 3.91E-01
Pcs -5.17E-06 | 1.89E-05 | 6.27E-05 | -4.71E-02 | 1.72E-01 | 5.72E-01
*Co 1.63E-07 | 1.81E-05 | 6.03E-05 | 1.49E-03 | 1.65E-01 | 5.50E-01
K 2.98E-05 | 1.81E-04 | 6.01E-04 | 2.72E-01 | 1.65E+00 | 5.48E+00
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Table 1.6. Radionuclides concentrations in Monthly Composite Samples

Collected from Station A (continued)

Activity Concentration (Bgq/m®) Activity Density (Bqg/g)
Radionuclide | Activity | Ssb | w~MDC Activity | sb [ w~DC
August 2011
“TAm 1.02E-08 | 2.80E-08 | 1.00E-07 | 1.41E-04 | 3.87E-04 | 1.39E-03
“*py -2.66E-08 | 3.82E-08 | 1.77E-07 | -3.67E-04 | 5.29E-04 | 2.45E-03
=9r2%0py -4.07E-08 | 3.03E-08 | 1.63E-07 | -5.62E-04 | 4.19E-04 | 2.25E-03
U 5.06E-07 | 6.48E-08 | 8.13E-08 | 7.00E-03 | 8.97E-04 | 1.12E-03
>y 9.28E-07 | 3.67E-07 | 8.53E-07 | 1.28E-02 | 5.07E-03 | 1.18E-02
2y 2.81E-07 | 5.19-08 | 9.86E-08 | 3.88E-03 | 7.17E-04 | 1.36E-03
Cs -5.58E-05 | 1.33E-05 | 4.51E-05 | -7.71E-01 | 1.84E-01 | 6.23E-O1
“'Cs -1.37E-05 | 1.87E-05 | 6.24E-05 | -1.90E-01 | 2.59E-01 | 8.63E-O1
*Co -1.16E-05 | 1.80E-05 | 6.03E-05 | -1.61E-01 | 2.50E-01 | 8.33E-O1
K -2.50E-05 | 1.81E-04 | 6.02E-04 | -3.58E-01 | 2.50E+00 | 8.32E+00
September 2011
“am -9.03E-09 | 3.42E-08 | 1.39E-07 | -4.70E-04 | 1.78E-03 | 7.23E-03
“*py -2.15E-08 | 3.04E-08 | 1.41E-07 | -1.12E-03 | 1.58E-03 | 7.32E-03
=9r2%0py 9.74E-08 | 4.28E-08 | 1.21E-07 | 5.06E-03 | 2.23E-03 | 6.31E-03
U 3.97E-07 | 9.20E-08 | 2.00E-07 | 2.07E-02 | 4.78E-03 | 1.04E-02
U 1.39E-08 | 5.59E-08 | 2.27E-07 | 7.25E-04 | 2.91E-03 | 1.18E-02
) 2.75E-07 | 6.84E-08 | 1.12E-07 | 1.43E-02 | 3.56E-03 | 5.84E-03
PCs -4.84E-05 | 1.48E-05 | 5.00E-05 | -2.52E+00 | 7.69E-01 | 2.60E+00
“'Cs -2.35E-05 | 2.16E-05 | 7.21E-05 | -1.22E+00 | 1.12E+00 | 3.75E+00
*Co 1.82E-06 | 2.00E-05 | 6.66E-05 | 9.47E-02 | 1.04E+00 | 3.46E+00
K -3.58E-04 | 2.06E-04 | 6.91E-04 | -1.86E+01 | 1.07E+01 | 3.59E+01
October 2011
“am 1.83E-08 | 2.34E-08 | 7.03E-08 | 6.80E-04 | 8.72E-04 | 2.62E-03
“py 3.24E-08 | 3.25E-08 | 1.19E-07 | 1.21E-03 | 1.21E-03 | 4.45E-03
=972y 1.01E-07 | 5.68E-08 | 1.75E-07 | 3.76E-03 | 2.12E-03 | 6.50E-03
U 3.66E-07 | 8.11E-08 | 1.83E-07 | 1.36E-02 | 3.02E-03 | 6.81E-03
>y 1.21E-07 | 4.79E-08 | 1.11E-07 | 4.50E-03 | 1.78E-03 | 4.14E-03
Y 4.38E-07 | 7.92E-08 | 1.31E-07 | 1.63E-02 | 2.95E-03 | 4.87E-03
“Cs -4.47E-05 | 1.33E-05 | 4.52E-05 | -1.67E+00 | 4.97E-01 | 1.68E+00
®'Cs -6.75E-05 | 1.99E-05 | 6.68E-05 | -2.51E+00 | 7.41E-01 | 2.49E+00
*Co -1.44E-05 | 1.83E-05 | 6.10E-05 | -5.35E-01 | 6.80E-01 | 2.27E+00
K -2.09E-04 | 1.89E-04 | 6.33E-04 | -7.79E+00 | 7.05E+00 | 2.36E+01
November 2011
“Am 7.50E-08 | 3.45E-08 | 7.65E-08 | 1.28E-03 | 5.89E-04 | 1.31E-03
“*py 2.18E-08 | 1.89E-08 | 2.95E-08 | 3.72E-04 | 3.22E-04 | 5.04E-04
239r2480py 5.45E-08 | 4.99E-08 | 1.73E-07 | 9.31E-04 | 8.53E-04 | 2.95E-03
=y 3.77E-07 | 1.10E-07 | 2.83E-07 | 6.45E-03 | 1.88E-03 | 4.84E-03
>y 2.35E-08 | 3.33E-08 | 6.37E-08 | 4.02E-04 | 5.69E-04 | 1.09E-03
%Y 3.58E-07 | 9.45E-08 | 2.03E-07 | 6.11E-03 | 1.61E-03 | 3.46E-03
“Cs -6.75E-05 | 1.31E-05 | 4.44E-05 | -1.15E+00 | 2.24E-01 | 7.58E-01
®'Cs -1.72E-06 | 2.10E-05 | 6.98E-05 | -2.94E-02 | 3.59E-01 | 1.19E+00
*Co -1.89E-05 | 1.79E-05 | 6.00E-05 | -3.23E-01 | 3.06E-01 | 1.02E+00
K -1.04E-04 | 1.85E-04 | 6.16E-04 | -1.77E+00 | 3.15E+00 | 1.05E+01
December 2011
““Am | 2.29E-09 | 2.42E-08 | 9.17E-08 | 3.24E-05 | 3.43E-04 | 1.30E-03
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Table 1.6. Radionuclides concentrations in Monthly Composite Samples

Collected from Station A (continued)

Activity Concentration (Bg/m3) Activity Density (Bqg/g)
Radionuclide | Activity [ sD | MDC Activity |  SD | wMDC
December 2011
“*py -2.07E-08 | 2.93E-08 | 1.36E-07 | -2.94E-04 | 4.15E-04 | 1.92E-03
=57y 3.11E-08 | 3.11E-08 | 1.12E-07 | 4.40E-04 | 4.40E-04 | 1.58E-03
U 2.04E-07 | 6.53E-08 | 1.63E-07 | 2.89E-03 | 9.24E-04 | 2.31E-03
U 6.76E-08 | 4.14E-08 | 1.24E-07 | 9.58E-04 | 5.87E-04 | 1.76E-03
Y 1.22E-07 | 4.29E-08 | 3.67E-08 | 1.73E-03 | 6.08E-04 | 5.20E-04
Cs -5.35E-05 | 4.95E-08 | 1.32E-07 | -7.57E-01 | 1.71E-01 | 5.75E-01
®Cs 2.52E-06 | 1.20E-05 | 4.06E-05 | 3.57E-02 | 2.62E-01 | 8.67E-01
*Co -4.86E-05 | 1.85E-05 | 6.12E-05 | -6.88E-01 | 2.48E+00 | 8.25E+00
K -1.40E-05 | 1.75E-04 | 5.82E-04 | -1.98E-01 | 2.40E-01 | 8.03E-01
Single filter from October 2011

“tAm -1.52E-07 | 1.34E-06 | 1.34E-06 | -1.57E-03 | 3.32E-03 | 1.38E-02

“*py 3.03E-07 | 1.12E-06 | 1.12E-06 | 3.13E-03 | 3.13E-03 | 1.15E-02
=570y -1.52E-07 | 2.53E-06 | 2.53E-06 | -1.56E-03 | 6.44E-03 | 2.60E-02

U 2.96E-06 | 3.79E-06 | 3.79E-06 | 3.05E-02 | 1.31E-02 | 3.91E-02
U 2.26E-06 | 2.08E-06 | 2.08E-06 | 2.33E-02 | 9.21E-03 | 2.14E-02
Y 2.43E-06 | 2.98E-06 | 2.98E-06 | 2.51E-02 | 1.07E-02 | 3.07E-02
BU = back up filter

SD =Standard deviation (1 sigma)

MDC = Minimum Detectable Concentration

Station A = composited monthly due to the large number of samples

NR = Not reported
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Figure 1.15. 292py Concentrations in Station A composites in 2011
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Figure 1.18. *¥'Cs Concentrations in Station A Composites in 2011
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Figure 1.20. ®°Co Concentrations in Station A Composite in 2011
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Figure 1.21. Annual Average Activity Concentrations of ?°?*py and
24LAm in WIPP Exhaust Air from 1998-2011

Carlsbad Environmental Monitoring & Research Center 2011 Report

1-25




WIPP Exhaust Air Monitoring
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Figure 1.22. Annual Average Activity Concentrations of 2%*?°py and #*®pu in
WIPP Exhaust Air from 1998-2011

Table 1.7. Activities greater than MDC
CEMRC during period 1999-2011
Year | Month | Radionuclides | Activity(Bgq) | Uncer t an MDC
2003 | Mar-Jun 239+240p 4.76E-03 8.02E-04 2.63E-04
2005 April “IAm 2.72E-04 1.99E-04 2.65E-04
2008 Feb “IAm 6.20E-03 7.92E-04 1.79E-04
2008 Feb >$py 7.02E-04 3.52E-04 2.87E-04
2008 Feb 239+240py, 1.78E-02 2.06E-03 2.87E-04
2009 April “TAm 3.53E-03 1.19E-03 3.03E-04
2009 | April *py 4.89E-04 2.24E-04 6.61E-05
2009 | April 239+240p 2.13E-02 1.72E-03 6.61E-05
2010 July 239+240p 2.72E-03 9.04E-04 9.29E-04
2010 July “IAm 4.09E-04 2 A8E-04 2.95E-04
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WIPP Exhaust Air Monitoring

Tablel8. Acti vities greater than MDC and Uncert e
during period 1999-2011

Year | Month | Radionuclides | Activity (Bgq) [ Uncert an MDC
2001 Oct “IAm 1.86E-03 1.41E-03 1.52E-03
2003 Jan “1Am 6.85E-04 5.70E-04 3.09E-04
2003 Sep 21Am 4.96E-04 4.51E-04 2.69E-04
2007 Sep 239+240p 1.71E-03 9.99E-04 4.40E-04
2008 Feb “IAm 4.00E-03 2.53E-03 1.97E-03
2008 Feb 239+240p 2.20E-02 5.17E-03 1.60E-03
2009* |  April “IAm 4.26E-03 1.85E-03 3.23E-03
2009* | April 239+240p 1.96E-02 4.00E-03 1.83E-03
2010 July 239+240p 1.88E-03 1.15E-03 5.00E-04

* Re-analyzed resulting in no detection

Table 1.9. Historical Minimum, Maximum, and Average Concentrations of 23®pu
(Bg/m®) measured in Station A

Year Minimum Maximum Average
2000 -3.62E-08 5.35E-09 -1.23E-08
2001 -2.68E-08 1.08E-08 -8.20E-09
2002 -8.22E-09 2.01E-08 6.47E-09
2003 -2.90E-11 8.00E-09 4.26E-09
2004 9.89E-08 2.76E-07 1.70E-07
2005 -5.94E-08 6.01E-08 4.52E-09
2006 -3.57E-08 7.81E-08 1.87E-08
2007 -6.96E-08 6.83E-08 8.97E-09
2008 -8.62E-08 1.50E-07 1.20E-08
2009 -1.42E-08 2.33E-07 4.07E-08
2010 -6.05E-08 7.19E-08 6.65E-09
2011 -5.12E-08 8.17E-08 1.78E-08
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WIPP Exhaust Air Monitoring

Table 1.10. Historical Minimum, Maximum, and Average Concentrations of
239+240p, (Bg/m®) measured in Station A

Year Minimum Maximum Average
2000 2.24E-08 5.86E-08 3.67E-08
2001 -3.34E-08 1.06E-08 -8.83E-09
2002 8.10E-09 1.76E-08 1.23E-08
2003 -7.99E-09 6.39E-07 1.58E-07
2004 3.65E-09 1.25E-07 6.45E-08
2005 -3.82E-08 1.41E-07 3.69E-08
2006 -5.05E-08 1.67E-07 5.82E-08
2007 -2.79E-07 1.09E-07 1.73E-08
2008 8.44E-09 3.81E-06 3.77E-07
2009 -3.48E-08 1.01E-05 9.24E-07
2010 -1.77E-08 1.03E-06 1.28E-07
2011 -4.07E-08 1.63E-07 6.04E-08

Table 1.11. Historical Minimum, Maximum, and Average Concentrations of
21Am (Bg/m®) measured in Station A

Year Minimum Maximum Average
2000 -1.51E-08 3.17E-08 8.02E-09
2001 -1.70E-08 1.36E-08 -3.5E-09
2002 -2.16E-08 1.35E-09 -6.1E-09
2003 -4.73E-09 1.98E-08 7.72E-09
2004 -9.96E-09 5.12E-08 2.66E-08
2005 -1.94E-08 1.13E-07 3.35E-08
2006 -2.20E-08 7.07E-08 2.84E-08
2007 -2.05E-08 1.08E-07 2.97E-08
2008 -3.72E-08 1.32E-06 1.34E-07
2009 -1.61E-08 1.68E-06 1.88E-07
2010 -4.82E-08 1.54E-07 1.66E-08
2011 -1.13E-08 7.50E-08 1.54E-08
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WIPP Exhaust Air Monitoring

Table 1.12. 2*U/**®U Activity Ratios in Station A Composites in 2011

Month z.s4U (Bq) zssU (Bq) 234U/153U
January 9.862E-02 1.180E-01 1.20
February 2.050E-02 3.298E-02 1.61

March 1.166E-02 9.034E-02 2.92
April 3.299E-02 4.459E-02 1.35
May 1.864E-02 2.97E-02 1.59
June 3.153E-02 2.877E-02 0.91
July 4.303E-02 6.010E-02 1.40

August 1.514E-02 4.363E-02 2.88

September 1.816E-02 2.629E-02 1.45
October 3.192E-02 2.665E-02 0.83

November 2.627E-02 2.770E-02 1.05

December 7.085E-03 1.950E-02 2.75

Average 1.66
Std Error 0.22
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Table 1.13. Minimum, Maximum, and Average Radionuclide
Concentrations (Bg/m?®) in Station A Composites in 2011

Activity Concentration (Bg/m®)

Radionuclides Conc. SD MDC
Minimum -1.13E-08 1.74E-08 7.03E-08
21Am Maximum | 7.50E-08 5.57E-08 2.11E-07
Average | 1.98E-08 3.23E-08 1.11E-07
Minimum | -5.12E-08 1.89E-08 2.95E-08
Z38py Maximum | 8.17E-08 6.16E-08 2.71E-07
Average | 1.81E-08 3.95E-08 1.51E-07
Minimum -4.07E-08 3.03E-08 1.07E-07
239+240py Maximum | 1.63E-07 6.93E-08 2.71E-07
Average | 5.89E-08 4.70E-08 1.60E-07
Minimum | 2.04E-07 6.48E-08 8.13E-08
24y Maximum | 2.90E-06 3.24E-07 4.80E-07
Average | 7.02E-07 1.20E-07 2.17E-07
Minimum | -1.61E-08 2.39E-08 6.37E-08
235y Maximum | 9.28E-07 3.67E-07 8.53E-07
Average | 1.46E-07 8.42E-08 2.45E-07
Minimum | 1.22E-07 4.29E-08 3.67E-08
238y Maximum | 2.43E-06 2.97E-07 4.19E-07
Average | 5.21E-07 1.03E-07 1.94E-07
Minimum | -6.75E-05 1.20E-05 4.06E-05
1¥Cs Maximum | 1.09E-04 3.45E-05 1.15E-04
Average | -5.34E-06 2.10E-05 6.97E-05
Minimum | -1.00E-04 4.95E-08 1.32E-07
134¢Cs Maximum | 1.48E-04 2.46E-05 8.24E-05
Average | -3.13E-05 1.34E-05 4.47E-05
Minimum | -4.86E-05 1.79E-05 5.99E-05
®Co Maximum | 1.77E-05 3.39E-05 1.13E-04
Average -8.50E-06 2.03E-05 6.75E-05
Minimum | -5.00E-04 1.75E-04 5.82E-04
40K Maximum | 2.56E-04 3.48E-04 1.15E-03
Average | -8.13E-05 2.07E-04 6.91E-04
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Figure 1.26. Concentrations of Pb in WIPP Exhaust Air from 1998 - 2011
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Figure 1.28. Concentrations of U in WIPP Exhaust Air from 1998 - 2011
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CHAPTER 2

Monitoring Drinking Water from Selected Sources

Introduction

Routine testing of public drinking water supplies helps to assure the public that health
and environmental standards are met and seeks to identify any changes in water quality
which mighthave a negative impact on public health and the environment. During 2011,
water samples were collected for CEMRC environmental monitoring studies from six
drinking water sources in the region of the WIPP including the community water supplies of
Carlsbadloving, Otis, Hobbs, and Malaga. The drinking water wells in the vicinity of the
WIPP provide water primarily for livestock, industrial usage by oil and gas production
operations, and monitoring studies conducted by various groups.

Aquifers in the regiosurrounding the WIPP include Dewey Lake, Culeldi@genta,
Ogallala, Dockum, Pecos River alluvium, and Capitan Reef. The main Carlsbad water supply
is the Sheep Draw well field whose primary source is the Capitan Reef aquifer. The Hobbs
and WIPP (Double Edg) water supplies are drawn from the Ogallala aquifer, while the
Loving, Malaga, and Otis supply wells are drawn from deposits that are hydraulically linked
to the flow of the Pecos River. The source for a private well sampling site is a well seven
milessouthwest of the WIPP. This water is drawn from the Culebra aquifer, however, this
sampling site has been dry since before 2001.

CEMRC began collecting drinking water samples for radiochemical analyses in 1997
and inorganic analyses on drinking water si®pommenced in 1998. The results for the
five drinking water sources from Carlsbad, Loving, Otis, Hobbs, and WIPP (Double Eagle)
have been reported annually since 2001. Drinking water samples were not collected during
2004 and 2006. In addition, thistiee first year that drinking water has been sampled from
the site in Malaga. Summaries of methods, data, and results from previous samplings were
reported in earlier CEMRC reports and can be found on the CEMRC website
(www.cemrc.or. Present results as livas the results of previous analyses of drinking water
were consisterfor each source across sampling periods, and were below levels specified
under the Safe Drinking Water Act.

Analyses reported herein for are for 2011 drinking water samples. Thepkesa
were analyzed for radionuclides includiaipgha and gamma emitting radionuclides of
interest to the WIPP. In addition, inorganic studies were performed separately and include
elemental analysis as well as analysis for merciing.2011 monitoring reglts show no
increase in the levels of radionuclides or inorganics that could be attributed to WIPP
related activities

Sampling, Sample Preparation, and Measurements

All drinking water samples were processed according to CEMRC protocols for the
collection, handling, and preservation of drinking water. The following samples were taken
from each sampling location: (1) 8L for gamma and alpha analyses, (2) 1L for elemental
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analyses, (3) 1L for anion tests, and (4) 500mL for mercury analysis. None of the samples
were filtered before analysis. Current methods used for the various analyses are summarized
in Table 2.1. Basic information about contaminants in drinking watestesilin Table 2.2
(US-EPA, 2012).

For radioactive analyses, two aliquots were taken from each 8L sample: (a) 3L for
gamma analyses and (b) 1L for alpha analyses. Both aliquots were acidified to approximately
pH = 2 with nitric acid upon collection to avoid losses through microbial actwity
adsorption onto the vessel walls. The first aliquot was transferred to 3L Marinelli beakers for
the measurement of the gamemitting radionuclides potassiuftf), cobalt £°Co), and
cesium t¥'Cs), by gamma spectroscopy using a high purity germatiRse) detector.

Before collecting the measurements, the gamma system was calibrated for energy and
efficiency to enable both qualitative and quantitative analysis of the water samples. The
energy and efficiency calibrations were carried out using a nsteedlards material from
Eckert and Ziegler, Analytics (GA) in the energy range between 60 to 2000keV for a 3L
Marinelli geometry. The counting time for each sample was 48 hours.

The second, 1L aliquot, was used for alpha analysis of uranium (U) angrénains
radionuclides. Tracers consisting of uranium, americium, and plutoAtddh £**Am, and
242py) were added and the samples were digested using concentrated nitric and hydrochloric
acid. The samples were then heated to dryness arasivetl using caentrated nitric and
perchloric acid. Next, the samples were heated to dryness again in preparation for isotopic
separation. The separation process began wifiredpitation of the target isotopes and
corresponding tracers with an iron carrier followgddn exchange and chromatographic
separations of the individual radionuclides. Finally, the separated radionuclides were micro
precipitated using lanthanum fluoride (laBnd deposited onto planchets for counting
uranium/transuranics by alpha spectroscop

For elemental analysis, the 1L samples were preserved in a 1% nitric acid solution
during sample collection. Samples from Otis, Malaga, and Hobbs were diluted using a
similar nitric acid matrix prior to analysis by IEN®S due to the elevated calciumg)Cand
sodium (Na) levels in these samples. All othersaimples were analyzed directiyor
Mercury analysis, the 500mL samples were preserved with a bromomonochloride solution
and analyzed directly by IGKMS. For ech type of inorganic analysealiquotsvere blank
corrected after the application of dilution factors. As per CEMRC procedure, only
concentrations above laboratory MDC values are reported.

As per CEMRC procedure, each 1L sample used for anion analysis was refrigerated
immediately upon arrivadnd analyzed within 48 hours of collection. No preservatives were
added to the samples used for anion analysis. At this time the results of the anion analyses are
not currently being reportetlowever, anion analysis has continued to be performed on all
collected drinking water samples as per the CEMRC procedure.
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RADIOLOGICAL MONITORING RESULTS

Table 23 shows the activity concentrations for radionuclide€tf, U, and®®U;
238py, 239+ 24p - 2 m; 1¥7Cs: ®°Co: and™K in regional drinking water samples from 2011.
The alpha radionuclide&®Pu,*°**Pu, and**Am have not been detected in any of the
drinking water samples above the MDC since monitoring commenced in 1997. The federal
and state action level for groafpha emitters, which includes isotopes of Pu and U, is
15pCi/L (0.56Bg/L). This level is over 10,000 times the MDCs used at CEMRC.

Isotopes of naturally occurring uranium were detected in all the drinking water
samples in 2011 as shown in Tabi8.2Natual uranium is a mixture of three alpbanitting
isotopes U, 2°U, and®*®). They have long halives, t,,, that allow them to be
transported to water supplies. THeU isotope has as of 4.5x 18 years (99.285% natural
abundancef>*U has ai,0f 7.04 x 18 years (0.71% natural abundance), &ffd with aty,
of 2.24x 10 years (0.0053% natural abundaneghabian et alLl991). Thus, natural
abundances of isotopes and thea#fs give 12.2, 0.6, and 12.2mBagy of natural uranium
for 238U, 2, and®**U respectively, or 25mBgy in total (Hess et al, 1985). Combined,
these isotopes of wuranium are found 1% ¢the
(Hursh et al, 1973); in rocks and minerals such as granite, metamorphitigoaks
monazite sand; phosphate deposits as well as in uranium minerals such as uraninite, carnotite
and pitchblende. It is also present as a trace element in coal, peat, asphalt and in some
phosphate fertilizers at a level of about 4@ or 2.5Bq/g (ldss et al, 1985). All these
sources can come in contact with water which influences the amount of natural uranium
present in our drinking water. The natural level of uranium in water can also be enhanced due
to human activity. For example, the increasedcentration ohatural radionuclides in water
can be caused by the intensive use of phosphate fertilizers in agriculture. Phosphate fertilizers
contain uranium which can leach from the soil to nearby riversaded Fleischer, 1980;
UNSCEAR, 1982).

Measured values for the drinking water samples collected around the WIPP site
during 2011 ranged between 1239mBg/L for*®%U, 1.2239.0mBg/L for**U, and 25.3
154mBag/L for®**U. The average activity concentrations8tJ, >*U, and®**U in drinking
water from the five sources are presented in FiguteThese uranium concentrations are
well below the reference concentration level for radiological protection, i.e. 3.0Bg/L. They
are also below the EPA Action level of 0.56 Bg/L and within the range &@gactwaters
from this region. The greatest variations appear in the amoufitt/ofhe low
concentration of**U in the water samples is consistent with the lower concentratfonbf
in the natural environment as compared to the concentratiGitJaind?*®U. The highest
activity concentrations were found in Otis water. Figure 2.2 shows the total uranium
concentration at each location.

It has been reported that the activity of natural water fffohis higher than that of
238, The®U/U activity ratio usually ranges between 1.0 and 8Befdynstev et al,
1971, Gilkeson et al, 1982According to the most recent reports, the fixed mass ratio and
fixed activity ratios are still used for reporting the activity of natural uranium. The isotop
composition of natural uranium activities are 48.9, 2.2, and 48.9 %, respectively (IAEA,
1989). In radiochemical equilibriumatural activity ratios are typically unity f&¢4U/%3
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and 0.045 fof*U/?®%U (Pimple et al, 1992). However, many studissking at?*®u and**U

in natural bodies of water indicate that these isotopes do not occur in equilibrium and that,
with a few exceptions, waters typically contain mofe) than®**U (Cothern et al, 1983;

Skwarzec et al, 2002Higher activity of>*U in water is the result of tH&"U atom

displacement from the crystal latticEhe recoil atom>“U, is liable to be oxidized to the
hexavalent stage and can be leached into the water phase more easily than its parent nuclide
238. The oxidation of U(IV)® U(VI) is an important step in leachirngecause compounds
containing U(VI) have a higher solubililue to the formation of strong complexes between
uranyl and carbonate io(NSCEAR, 1977)All U(IV) compounds of uranium are

practically insoluble.

The average activity ratio 6°U and®*®U in the water samples collected around the
WIPP site ranged from 0.03B072 (Average = 0.054) which is close to the value 0.045 for
uranium reported in nature. TABU/Z®U ratio in environmental samples diffeg from the
natural ratio results from anthropogenic nuclear activities. Figure 2.3 shows the average
230/2% ratios. The results of the activity ratios in this study compared very well with data
observed in other countries as shown in Table 2.4. Toalagd**U/***U activity ratio
varies between 2.33 to 2.96 which means that two isotopes are not in radioactive equilibrium.
The historical activity concentrations TfU, U and®*®U measured at well sites in the
region of the WIPP site are summadza Tables 2.5 to 2.9. The historical concentrations of
transuranic elements like Plutonium and Americiuf#Pu,>*°*?*Pu, and*’Am) are shown
in Figures 2.4 through 2.11.

It is important to note that after more than ten years of monitoring, isas6p&Bu,
239+24by and*Am have never been detected above MDC in any of the samples collected
from well sites around the WIPP site. However, the levels of uranium detected in regional
drinking water are very low and the activity ratio indicates igs@nce in drinking water is
most likely from natural sources. For most people in the world, the intake of uranium through
food is around flg/day. The worldwide average of dietary uranium is estimated jaf/tay
from which the portion from drinking wates 0.21g/day (UNSCEAR, 2001). Thus drinking
water is not usually the main source of ingested uranium.

NON-RADIOLOGICAL MONITORING RESULTS

The CEMRC analyzes samples from the six regional drinking water sources for over
30 different inorganic elementsh& results are summarized in Tables 2.10 through 2.15.
MDC values are determined annually and are reported as described in the current CEMRC
procedure. Te results exhibited in these Tables are not used in assessing regulatory
compliance. However, the CEMRresults for drinking water from the Carlsbad (Sheep
Draw) and WIPP (Double Eagle) locations agree well with measurements for the same
elements published by the City of Carlsbad (City of Carlsbad Municipal Water System,
2011).

The 2011 inorganic drinkingiater measurements exhibit a high level of consistency
with past results providing a useful characterization of each source. Figures 2.12 through
2.16 compare the history of select inorganic analytes measured in drinking water collected

2-4 Carlsbad Environmental Monitoring & Research Center 2011 Report



Monitoring Drinking Water from Selected Sources

from the surroundig area of WIPP including Carlsbad (Sheep Draw), WIPP (Double Eagle),
Loving, Hobbs, and Otis. Only the selected inorganics (listed in Table 2.2) which have been
detected regularly above MDCs are shown in these figures. Historical comparisons show that
differences of a factor of two or three between one set of successive years is common, as it is
for all natural water systems. Additionally, there has been no noticeable increase in the
inorganic levels found in the regional drinking water after the WIPRtsiteed accepting

mixed waste in August of 2000. It should be noted that drinking water sampling did not take
place during the 2004 and 2006 years due to a change in sampling frequency.

Minerals are a natural part of all water sources. The amount gfinicrmaterials in
drinking water is determined primarily by local geology and topography, but it can be
influenced byurban storm water runoff, industrial or domestic wastewater discharges, oil and
gas production, mining, and/or farming, etc. The city of Andrews, TX, has naturally
occurring levels of Arsenic and Fluoride in their drinking water (City of Andrews, 2011).

The drinking water from this part of TX is supplied from the Ogallala and Dockum

formations which are also accessed by the WIPP (Double Eagle) and Hobbs communities.

Indeed the concentrations of Arsenic measured at the Double Eagle and Hobbs sites are
higherthan the drinking water for other sampling locations around the WIPP site (most of

which have concentrations below MDC) as shown in Figure 2.17. However, the levels
determined for Double Eagle and Hobbs are st
for Arsenic as listed in Table 2.2. Figure 2.17 also includes comparisons of selected analytes
which were measured above the corresponding MDC.

The WIPP site is located in the Delaware Basin of New Mexico, the second largest
region of the greater Permian Basin. This-6@&ter deep salt basin was formed during the
Permian Era approximately 250 million years ago when an ancient Sea once covering the
area evaporated and left behind a nearly impermeable layer of salt. Over time this salt layer
was covered by 300 meters of soil and rock (Kerr, 1999; Weeks, Z0ELRermian Basin is
now a major source of potassium salts (potash), which are mined daxhedb deposits of
sylvite and langbeinite (Alto, 1965). Sylvite is potassium chloride (KCI) in its natural mineral
form while langbeinite is a potassium magnesium sulfate mines®di(SOy)s).

Langbeinite ore occurs in evaporated marine deposits in asaovith carnallite, halite

and sylvite (Mereiter, 1979; NBS Mono 1968; Palache, 19%hgrefore, it is to be expected

that through leaching and other natural processes, the water in this region should contain
significant quantities of potassium (K)agnesium (Mg) and, of course, sodium (Na). Figure
2.18 summarizes the concentrations of common salts measured in the areas surrounding the
WIPP site. Currently there are no EPA regulations for salts like K, Mg, and Na in drinking
water.

The highest concération of the measured metals found in the drinking water of this
area is Calcium (Ca) for each of the sites sampled around the WIPP (Figure 2.18). This is
likely due to the natural limestone deposits found along the edge of the Delaware Basin
which onceexisted as the Capitan Reef during the PermianLiireestones a sedimentary
rock composed largely of the minerals calcite and aragonite, which are different crystal forms
of calcium carbonate (CaGPLimestone leaching creates the stalactites andgstétieas
found in the infamous Carlsbad Caverns, located approximately 18 miles southwest of
Carlsbad, NM and a likely source of Calcium (Ca) in the drinking water in the area.
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Table 2.1. Drinking Water Parameters, Methods, and Detection Levels used
to Analyze Samples from all Locations

Method/
Parameters

Analytes of Interest

Typical Detection
Limits

Gross alpha/beta
EPA 900.0

(Under Development)

0.0370.11Bg/L*

Gamma emitters

%0Co, B'Cs andk

0.03-1.0Bg/L*

Alpha emitters

239+24Cpu ’ 238Pu ’ 241Am ,

234U, 238U, 235U

0.0010.002Bq/L*

Elemental analysis

Over 30 different metals

Varies by element**

EPA 200.8
Anions F, CI, Br, NO,, NOs,

EPA 300.0 PO, SO Not currently reported**
Mercury

EPA 200.8 Hg 0.0089¢eg/

* Detection limits may varydepending on sample volume, solid concentrations,
counting system and time.
** Detection limits are determined annually.
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Table 2.2. Basic Information about Drinking Water Contaminants from the EPA

Minimum Potential Health Sources of
Contaminant | Contaminants Effects from Drinking Water
Level Long-term Exposure Contaminants
Radium226, Erosion of natural deposits of certain mineral
Radium228 5pCi/L (1976) Increased risk of cancer that are radioactive and may emit a form ofj
(combined) radiation knowras alpha radiation.
15pCi/L Decay of natural and mamade deposits of
(not including . certain minerals that are radioactive and mg
Gross Alpha . Increased risk of cancer . -
radon or uranium, emit forms of radiation known as photons an
1976) beta radiation.
Beta Particle ang 4 mremlyear . . .
Photon emitters (1976) Increased risk of cancer Erosion of natural deposits.
. 30eg/ L Increased risk of cancer; : .
Uranium, U (as of 12/08/03) kidney toxicity Erosion of natural deposits.
Antimony, Sh 0.006mg/L Increase in bilood cholestero, Discharge from pef[rol'eum reflr?en'es; fire
decrease in blood sugar retardants; ceramics; electronics; solder
_Skm_ damage or problems Erosion of natural deposits; runoff from
. 0.010mg/L with circulatory systems, anc ) .
Arsenic, As . . orchards; runoff from glass & electronics
(as of 01/23/06) may havencreased risk of .
production wastes.
cancer.
. . Discharge of drilling wastes; discharge from
Barium, Ba 2mg/L Increase in blood pressure metal refineries: erosion of natudposits
Discharge from metal refineries and coal
Beryllium, Be 0.004mg/L Intestinal lesions burning factories; discharge from electrical,
aerospace, and defense industries.
Corrosion of galvanized pipes; erosiomatural
Cadmium, Cd 0.005mg/L Kidney damage deposits; discharge from metal refineries; run
from waste batteries and paints.
Chromium, Cr 0.1mg/L Allergic dermatitis Discharge from steel and pglp mills; erosion
(total) natural deposits.
Short term exposure
gastrointestinal distress.
Copper, Cu 1.3mg/L Lo_ng term exposure liver or Corrosion of_ household plumbmg systems;
kidney damage. People wit erosion of natural deposits
Wil sonds Dis
consult their doctor
Infants and children: delays
in physcal or mental
development; children could . . )
Lead, Pb 0.015mg/L show slight deficits in Corrosion Of. household plumbmg systems;
: . erosion of natural deposits
attention span and learning
abilities. Adults: kidney
problems; high blood pressu
. Erosion of natural deposits; discharge from
Mercury, Hg 0.002mg/L Kidney damage refineries; runoff from landfills and croplandg
Hair or fingernail loss; . S .
. L9 Discharge from petroleum refineries; erosion
Selenium, Se 0.05mg/L numbness in fingers or toes L .
: natural depositglischarge from mines
circulatory problems
Hair loss; changes in blood Leaching from orgrocessing sites; dischargg
Thallium, TI 0.002mg/L kidney, intestine, or liver 9 ore 9 ' 19
from electronics, glass, and drug factories
problems
Carlsbad Environmental Monitoring & Research Center 2011 Report
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Table 2.3. Radionuclide Activity Concentrations in Drinking Water in 2011

Location/sample | Radionuclide Activity sD° MDC*®
collection date Ba/L (Bg/L) (Bg/L)
23924y 0.00E+00 1.05E05 | 4.60E05
“py 0.00E+00 1.21E05 | 5.14E05
““Am 2.05E05 1.66E05 | 5.30E05
Carlsbad zz“u 2.83E02 7.13804 | 8.42E05
07/11/2011 235u 7.83E03 8.27E04 | 7.49E04
U 1.09E02 3.40E04 | 7.81E05
1B3’cs 8.63E03 3.66E02 | 1.21E01
K 1.34E01 3.58E01 | 1.19E+00
%o 7.93E03 1.70E02 | 7.88E02
239724y 3.18E06 9.79E06 | 4.14E05
=py -4.27E06 1.13E05 | 5.13E05
““Am 3.50E07 9.24E06 | 3.50E05
Hobbs 224U 1.04E01 3.01E03 | 2.65E04
07/13/2011 235u 2.60E03 2.44E04 | 2.50E04
U 4.50E02 1.45E03 | 2.64E04
Bics 4.99E03 3.65E02 | 1.21E01
K 1.19E02 3.62E01 | 1.20E+00
®co -9.76E03 1.76E02 | 8.25E02
239724y 1.30E05 1.30E05 | 4.67E05
“py -8.62E06 1.37E05 | 6.12E05
“HAm -8.38E06 1.15E05 | 5.05E05
Double Eagle 224U 4.80E02 8.52E04 | 7.26E05
07/13/2011 235U 1.12E03 8.45E05 | 5.57E05
U 1.86E02 4.06E04 | 8.75E05
Bics 4.80E02 8.52E04 | 7.26E05
K 1.12E03 8.45E05 | 5.57E05
®Co 1.86E02 4.06E04 | 8.75E05
23924 2.93E05 1.49E05 | 4.34E05
“py 1.76E05 1.39E05 | 4.75E05
“HAm 5.13E06 1.10E05 | 3.84E05
Otis 22“U 1.54E01 2.77603 | 1.45E04
07/11/2011 235u 1.19E02 6.48E04 | 2.94E04
U 2.39E01 4.85E03 | 5.81E04
Bics -1.45E02 3.66E02 | 1.22E01
K 6.90E01 3.52E01 | 1.15E+00
%o -7.77E03 1.70E02 | 7.97E02

* Values areoverestimated because of poor separation.
2 Activity concentration as defined in CEMRC Report 1997

P SD = Standard Deviation as defined in CEMRC Report 1997

¢MDC = Minimum Detectable Concentration as defined in CEMRC Report 1997
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Monitoring Drinking Water from Selected Sources

Table 2.3. Radionuclide Activity Concentrations in Drinking Water in 2011
(continued)

Location/sample | Radionuclide Activity sD’ MDC*®
collection date Ba/L (Bg/L) (Bg/L)
23924 py 3.00E05 1.29E05 | 3.16E05
“py 6.90E06 1.08E05 | 4.25E05
““Am -1.86E05 9.63E06 | 5.04E05
Loving zz“u 7.64E02 1.12E03 | 4.14E05
07/11/2011 235u 2.04E02* 1.29E03 | 5.66E04
U 2.57E02 456E04 | 7.22E05
1B’cs -1.21E03 3.66E02 | 1.21E01
K 2.53E01 3.65E01 | 1.21E+00
®Co -7.79E03 1.72E02 | 8.02E02
239+24py 1.35E05 1.35E05 | 4.83E05
=Bpyy 8.91E06 1.27E05 | 4.83E05
““Am 5.52E06 1.12E05 | 3.93E05
Loving (DUP) 224U 7.50E02 153603 | 1.13E04
07/11/2011 235u 3.90E02* 2.62E03 | 1.49E03
U 1.09E01 2.72E03 | 7.57E04
Bics -7.35E03 3.65E02 | 1.21E01
K 4.05E01 3.58E01 | 1.18E+00
®Co 4.70E02 1.63E02 | 7.37E02
239724 8.75E06 1.64E05 | 6.17E05
“py -2.51E06 1.55E05 | 6.40E05
“HAm 8.77E06 1.27E05 | 4.32E05
Malaga 224U 1.38E01 2.92E03 | 9.02E05
07/12/5011 235U 2.56E03 1.75E04 | 1.47E04
U 5.34E02 1.25603 | 1.33E04
Bics -3.32E02 3.68E02 | 1.22E01
K 4.38E01 3.51E01 | 1.16E+00
®Co 8.62E03 1.76E02 | 8.01E02

* Values are overestimated because of poor separation.
& Activity concentration as defined in CEMRC Report 1997

® SD = Standard Deviation as defined in CEMRC Report 1997

¢MDC = Minimum Detectable Concentration as defined in CEMRC Report 1997

Dup = duplicate

Carlsbad Environmental Monitoring & Research Center 2011 Report
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Monitoring Drinking Water from Selected Sources
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Figure 2.1. Average ***U, “*U, and “*®*U concentrations (Bg/L) in
Regional Drinking Water
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Figure 2.2. Total Uranium Concentrations in Bg/L in Regional
Drinking Water Collected in 2011
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Figure 2.3. Average “**U/**®U Activity Ratio in Regional Drinking Water
from 1998 - 2011
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Monitoring Drinking Water from Selected Sources

Table 2.4. Comparison of Activity Concentration Ratios of 2**U/**®U and
235Y/%8y in Water Samples Collected Near the WIPP Site with Other Countries

Source of water | Type of water PRy U Reference
sample
Carlsbad Drinking water 2.56 0.072 Present work
Double Eagle Drinking water 2.46 0.060 Present work
Hobbs Drinking water 2.33 0.058 Present work
Otis Drinking water 2.58 0.050 Present work
Loving Drinking water 2.96 0.036 Present work
Malaga Drinking water 2.58 0.048 Present work
UK Water 1.03.0 - Gilkeson et al.
Poland Mineral water 0.821.12 - Nguyen et al.
India Sea water 1.11-1.14 0.0450.047 Joshi et al.
Ghana, Obuasi Ground water 1.071.44 0.0420.045 | Awudu et al.
Ghana, Obuasi Surface water 1.061.76 0.0440.045 | Awudu et al.
Ghana, Obuasi Tap water 1.061.73 0.0440.045 | Awudu et al.
INL, Idaho Ground water 1.53.1 - Roback et al.
Tunisia Mineral water 1.162.46 - Gharbi et al.

Table 2.5. Historical Activity Concentrations of 22U, >*U and #*®U (Bq/L)
measured in Carlsbad Drinking Water

3.34E-02

7.52E-04

1.35E-02

2.94E-02

6.99E-04

1.14E-02

2.81E-02

8.12E-04

1.08E-02

3.15E-02

9.68E-04

1.21E-02

3.02E-02

7.97E-04

1.26E-02

2.90E-02

5.52E-04

1.05E-02

2.75E-02

1.54E-03

1.11E-02

NR

NR

NR

7.73E-02

3.09E-03

3.18E-02

2.48E-02

3.57E-04

9.24E-03

2.99E-02

5.64E-04

1.17E-02

2.83E-02

NR = not reported

7.83E-03

1.09E-02

2-12
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Monitoring Drinking Water from Selected Sources

Table 2.6. Historical Activity Concentrations of 22U, >*U and #*®U (Bq/L)
measured in Double Eagle Drinking Water

NR NR NR
6.19E-02 1.35E-04 2.32E-02
5.40E-02 1.38E-04 2.19E-02
4.10E-02 1.22E-04 1.74E-02
4.16E-02 1.01E-04 1.77E-02
4.25E-02 8.89E-05 1.61E-02
5.83E-02 1.43E-04 2.48E-02

NR NR NR
1.86E-01 4.31E-04 7.94E-02
6.97E-02 7.55E-04 2.89E-02
4.89E-02 1.36E-04 2.01E-02
4.80E-02 8.45E-05 1.86E-02

NR = not reported

Table 2.7. Historical Activity Concentrations of 2>*U, >*U and #*®U (Bq/L)
measured in Hobbs Drinking Water

NR NR NR
8.81E-02 2.46E-03 3.86E-02
9.06E-02 2.34E-03 3.99E-02
7.52E-02 2.59E-03 3.32E-02
9.40E-02 2.37E-03 4.05E-02
1.30E-01 2.51E-03 4.61E-02
9.82E-02 2.68E-03 4.27E-02

NR NR NR
2.87E-01 1.18E-02 1.31E-01
8.94E-02 1.99E-03 3.86E-02
1.04E-01 2.23E-03 4.59E-02
1.04E-01 2.60E-03 4.50E-02

NR = not reported
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Monitoring Drinking Water from Selected Sources

Table 2.8. Historical Activity Concentrations of 22U, >*U and #*®U (Bg/L)
measured in Otis Drinking Water

1.29E-01 2.73E-03 4.67E-02
1.50E-01 2.85E-03 5.30E-02
1.44E-01 2.97E-03 5.16E-02
1.62E-01 3.30E-03 6.01E-02
1.47E-01 3.34E-03 5.34E-02
1.34E-01 2.56E-03 4.81E-02
1.17E-01 2.60E-03 4.36E-02
NR NR NR
3.89E-01 1.35E-02 1.53E-01
1.47E-01 3.80E-03 5.35E-02
1.54E-01 2.66E-03 5.41E-02
1.54E-01 1.19E-02 2.39E-01

NR = not reported

Table 2.9. Historical Activity Concentrations of ?**U, ?°U and #*®U (Bq/L)
measured in Loving Drinking Water

234LJ 235U 238U

NR NR NR
8.15E-02 1.66E-03 2.63E-02
8.38E-02 1.63E-03 2.59E-02
8.05E-02 1.61E-03 2.48E-02
8.82E-02 1.63E-03 2.83E-02
7.91E-02 1.35E-03 2.40E-02
8.13E-02 1.42E-03 2.64E-02

NR NR NR
2.56E-01 5.15E-03 7.71E-02
7.42E-02 1.26E-03 2.22E-02
8.00E-02 1.20E-03 2.49E-02
7.50E-02 3.90E-02 2.57E-02

NR = not reported

2-14
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Figure 2.4. ©%**py in Carlsbad Drinking Water from 1998-2011
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Figure 2.5. ®®Pu in Carlsbad Drinking Water from 1998-2011
EPA action level for all alpha emitters is 15pCi/L (0.56 Bg/L)

Carlsbad Environmental Monitoring & Research Center 2011 Report 2-15



Monitoring Drinking Water from Selected Sources

0.0010
—— Activity (Bq/L)
0.0009 —
—@— MDC (Bq/L)
0.0008
0.0007
0.0006
-
T 0.0005
@
E 0.0004
<<
-
Ay 0.0003
N
0.0002
0.0001
0.0000 - - L H
'00001 T Ll 1 |l 1 1 T T 1 T Ll Ll Ll T
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Year
Figure 2.6. “*Am in Carlsbad Drinking Water from 1998-2011
EPA action level for all alpha emitters is 15pCi/L (0.56 Bqg/L)
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Figure 2.7. ®°%py in Hobbs Drinking Water from 1998-2011
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Figure 2.8. 2%Pu in Hobbs Drinking Water from 1998-2011
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Figure 2.9. 2%y in Double Eagle Drinking Water from 1998-2011
EPA action level for all alpha emitters is 15pCi/L (0.56 Bg/L)
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Figure 2.10. 2%*?*py in Loving Drinking Water from 1998-2011
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Figure 2.11. **Am in Otis Drinking Water from 1998-2011
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Monitoring Drinking Water from Selected Sources

Table 2.10. Measured Concentration of Selected Inorganic Analytes in
Carlsbad Drinking Water from 1998 - 2011

Carlsbad

19982010

2011

2
NDET

Min 3

Max?®

MDC*
(pg/L)

Blank Conc.
(na/L)

Sample Conc.

(Hg/L)®

1

1.75E02

1.75E02

3.10E03

3.85E03

<MDC

4

2.34E+00

4.11E+01

9.80E01

2.24E01

1.83E+00

2.94E01

1.42E+00

1.30E+00

5.57E01

<MDC

2.89E+01

4.44E+01

N/A

N/A

N/A

©O|Ww|oo

6.64E+01

8.19E+01

3.20E02

3.72E03

7.26E+01

<
>

N/A

N/A

5.00E02

-2.82E02

<MDC

(&)]

6.54E+04

7.26E+04

3.17E+02

-3.39E+01

5.90E+04

<
>

N/A

N/A

2.80E01

-1.82E01

<MDC

8.31E03

3.42E02

8.10E03

7.40E05

<MDC

8.80E02

3.41E01

4.50E03

-1.99E04

1.04E01

1.24E+00

6.96E+00

1.60E01

5.29E02

2.11E+00

1.30E+00

1.67E+01

5.80E01

5.56E03

5.21E+00

N/A

N/A

1.70E03

8.35E04

3.56E03

3.38E03

3.38E03

3.20E03

1.63E04

3.32E03

1.35E02

2.42E02

3.10E03

9.45E04

1.90E02

7.10E01

2.24E+02

1.01E+01

5.19E+00

2.02E+02

I—‘OLJU'II—‘)%@OO\II\)

3.25E+00

3.25E+00

N/A

N/A

N/A

P
=

N/A

N/A

2.40E03

1.20E03

3.80E03

<
>|>

N/A

N/A

8.90E03

1.04E02

<MDC

1.04E+03

3.56E+03

1.62E+01

1.75E+01

1.32E+03

8.45E03

4.42E02

3.90E03

9.23E04

5.81E03

5.14E+00

7.87E+00

4.90E02

3.58E02

8.86E+00

3.14E+04

3.47E+04

7.30E+00

4.93E02

2.73E+04

5.50E02

2.04E+00

1.20E01

4.44E03

2.58E01

|00~ |©

7.03E01

1.22E+00

N/A

N/A

N/A

=
o

8.16E+03

9.94E+04

3.57E+01

2.67E01

2.03E+04

£
>

N/A

N/A

8.40E03

6.85E04

<MDC

1.01E+00

3.14E+00

1.20E01

-1.26E03

2.69E+00

Pl =
w|B|5|8|e|n|e|N|o|o|w|o|r|~N|o

1.61E+01

2.29E+01

6.30E+00

-2.05E+00

1.87E+01

[EnY
o

1.68E01

1.44E+00

1.20E01

1.41E04

2.63E01

[EnY
o

N/A

N/A

2.30E03

2.10E04

3.72E03

[EnY
o

3.00E02

1.99E01

1.30E02

1.15E02

3.66E02

(o]

1.32E+00

3.03E+00

N/A

N/A

N/A

[ee]

-8.83E02

1.22E+00

4.10E+00

1.73E+00

<MDC

]

5.31E+03

6.87E+03

7.10E+00

-4.69E+00

6.51E+03

=
o

2.61E+02

4.59E+02

1.30E+00

2.94E03

3.60E+02

[ee]

1.76E02

1.76E02

3.20E03

1.42E03

6.32E03

©

8.97E02

1.62E01

2.50E03

-4.84E04

1.13E01

=
o

8.21E01

1.05E+00

2.20E03

1.69E04

9.23E01

[N
[N

3.54E+00

5.80E+00

1.20E01

1.96E02

4.86E+00

[N
[N

El = Element analyzed:;

2N = Total number of samples analyzeg{¥ number of samples with detectable (above MDC) values;
3Min = the lowest value measured above MDC; Max = the highest value measured;

2.13E+00

1.52E+01

4“MDC = Minimum detectable concentration;
5Concentrations below the MDC aeported as <MDC;
N/A = Not Applicable

1.60E+00

-9.85E04

6.94E+00
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Table 2.11. Measured Concentration of Selected Inorganic Analytes in Double

Eagle Drinking Water from 1998 - 2011

Double Eagle

19982010

2011

2
NDET

Min 3

Max?®

MDC*
(pg/L)

Blank Conc.
(na/L)

Sample Conc.
(Mg/L)®

3.62E03

1.78E01

3.10E03

3.85E03

<MDC

2.57E+00

7.22E+01

9.80E01

2.24E01

1.93E+00

4.43E+00

7.80E+00

1.30E+00

5.57E01

7.26E+00

2.98E+01

8.55E+01

N/A

N/A

N/A

3.82E+01

1.25E+02

3.20E01

3.72E03

1.03E+02

3.63E02

3.63E02

5.00E02

-2.82E02

<MDC

4.49E+04

5.61E+04

3.17E+02

-3.39E+01

4.15E+04

1.87E02

1.87E02

2.80E01

-1.82E01

<MDC

3.63E03

3.22E02

8.10E03

7.40E05

<MDC

6.48E02

1.12E+00

4.50E03

-1.99E04

8.21E02

1.29E+00

3.25E+01

1.60E01

5.29E02

1.62E+00

8.09E01

5.69E+00

5.80E01

5.56E03

1.57E+00

N/A

N/A

1.70E03

8.35E04

<MDC

N/A

N/A

3.20E03

1.63E04

<MDC

1.68E02

2.86E02

3.10E03

9.45E04

2.86E02

3.01E02

9.32E+02

1.01E+01

5.19E+00

1.39E+02

4.46E+00

4.46E+00

N/A

N/A

N/A

N/A

N/A

2.40E03

1.20E03

<MDC

N/A

N/A

8.90E03

1.04E02

<MDC

2.31E+03

2.94E+04

1.62E+01

1.75E+01

2.22E+03

1.19E02

6.26E02

3.90E03

9.23E04

<MDC

9.97E+00

1.90E+01

4.90E02

3.58E02

1.55E+01

8.51E+03

1.25E+04

7.30E01

4.93E02

8.64E+03

2.30E01

6.04E+00

1.20E01

4.44E03

2.22E01

1.42E+00

6.70E+00

N/A

N/A

N/A

3.84E+03

4.04E+04

3.57E+01

2.67E01

2.48E+04

N/A

N/A

8.40E03

6.85E04

<MDC

8.00E01

4.03E+00

1.20E01

-1.26E03

1.61E+00

1.04E+01

1.04E+01

6.30E+00

-2.05E+00

<MDC

2.56E01

4.21E+00

1.20E01

1.41E04

1.25E+00

9.05E04

9.05E04

2.30E03

2.10E04

<MDC

2.41E02

1.39E01

1.30E02

1.15E02

3.27E02

1.40E+00

6.59E+00

N/A

N/A

N/A

-4.16E02

3.53E+00

4.10E+00

1.73E+00

5.30E+00

7.37E+03

1.81E+04

7.10E+00

-4.69E+00

1.53E+04

5.06E+01

5.53E+02

1.30E+00

2.94E03

5.35E+02

2.07E03

1.36E02

3.20E03

1.42E03

<MDC

-1.23E02

4.84E02

2.50E03

-4.84E04

<MDC

1.17E+00

2.38E+00

2.20E03

1.69E04

1.77E+00

7.71E+00

3.26E+01

1.20E01

1.96E02

2.77E+01

1.46E+00

1.25E+01

1.60E+00

-9.85E04

2.52E+00

'El = Element analyzed:;

2N = Total number of samples analyzeg{¥ number of samples with detectable (above MDC) values;
3Min = the lowest value measured above MDC; Max = the highest value measured;

4“MDC = Minimum detectable concentration;

5Concentrations below the MDC are reported as <MDC;

N/A = Not Applicable
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Monitoring Drinking Water from Selected Sources

Drinking Water from 1998 - 2011

Table 2.12. Measured Concentration of Selected Inorganic Analytes in Hobbs

19982010

2011

2
NDET

Min 3

Max?®

MDC*
(pg/L)

Blank Conc.
(na/L)

Sample Conc.
(ug/L)®

2

3.86E03

1.04E01

6.20E03

3.85E03

<MDC

8

3.03E+00

1.14E+02

1.96E+00

2.24E01

5.48E+00

10

4.51E+00

7.37E+00

2.60E+00

5.57E01

8.56E+00

1.41E+02

1.97E+02

N/A

N/A

N/A

5.83E+01

6.52E+01

6.40E02

3.72E03

6.79E+01

3
9
1

5.39E02

5.39E02

1.00E01

-2.82E02

<MDC

7.79E+04

9.20E+04

3.17E+03

-3.39E+01

7.63E+04

N/A

N/A

N/A

5.60E01

-1.82E01

<MDC

5.10E03

3.56E02

1.62E02

7.40E05

1.68E02

9.78E02

3.61E01

9.00E03

-1.99E04

1.93E01

6.44E01

1.13E+01

3.20E01

5.29E02

1.48E+00

1.06E+00

6.93E+00

1.16E+00

5.56E03

3.05E+00

4.18E03

4.18E03

3.40E03

8.35E04

<MDC

N/A

N/A

6.40E03

1.63E04

<MDC

1.31E02

1.97E02

6.20E03

9.45E04

1.68E02

3.64E+01

4.44E+02

2.02E+01

5.19E+00

2.58E+02

2.56E+00

2.56E+00

N/A

N/A

N/A

N/A

N/A

4.80E03

1.20E03

<MDC

N/A

N/A

8.90E03

1.04E02

<MDC

2.32E+03

2.52E+04

3.24E+01

1.75E+01

2.11E+03

1.25E02

5.01E02

7.80E03

9.23E04

<MDC

2.65E+01

3.18E+01

9.80E02

3.58E02

3.21E+01

1.92E+04

2.67E+04

7.30E+01

4.93E02

1.90E+04

3.79E01

3.62E+00

2.40E01

4.44E03

1.63E+00

2.46E+00

3.31E+00

N/A

N/A

N/A

4.97E+03

5.80E+04

3.57E+02

2.67E01

3.98E+04

3.01E03

1.28E02

1.68E02

6.85E04

<MDC

1.08E+00

4.78E+00

2.40E01

-1.26E03

3.15E+00

2.44E+01

2.53E+01

1.26E+01

-2.05E+00

1.76E+01

9.44E02

1.19E+00

2.40E01

1.41E04

7.43E01

1.57E03

1.57E03

4.60E03

2.10E04

<MDC

3.88E02

7.02E02

2.60E02

1.15E02

7.78E02

3.06E+00

1.05E+01

N/A

N/A

N/A

-1.70E01

6.23E+00

8.20E+00

1.73E+00

1.23E+01

2.41E+04

2.86E+04

1.42E+01

-4.69E+00

2.42E+04

7.89E+01

1.06E+03

1.30E+01

2.94E03

1.10E+03

2.29E03

4.56E03

6.40E03

1.42E03

<MDC

= = = =
w|nv|Blojo|o|lo|kr|o|vElwS|lo|5|m|jo|o|o

9.45E03

2.31E02

5.00E03

-4.84E04

<MDC

[EnY
A

2.90E+00

3.98E+00

4.40E03

1.69E04

4.30E+00

[EnY
A

3.11E+01

3.71E+01

2.40E01

1.96E02

3.46E+01

©

8.44E01

4.37E+00

3.20E+00

-9.85E04

<MDC

El = Element analyzed:;

2N = Total number of samples analyzeg{¥ number of samples with detectable (above MDC) values;
3Min = the lowest value measured above MDC; Max = the highest value measured;

4“MDC = Minimum detectable concentration;

5Concentrations below the MDC are reported as <MDC;

N/A = Not Applicable
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Monitoring Drinking Water from Selected Sources

Table 2.13. Measured Concentration of Selected Inorganic Analytes in Loving

Drinking Water from 1998 - 2011

Loving

19982010 2011

4
N2 Min 3 Max® MDC Blank Conc. Sample Conc.
o (Hg/L) (Hg/L) (Mg/L)®

2.55E03 2.17E01 3.10E03 3.85E03 <MDC

3.76E+00 | 3.76E+02 | 9.80E01 2.24E01 1.43E+00

7.82E01 2.34E+00 | 1.30E+00 5.57E01 2.01E+00

7.55E+01 | 1.12E+02 N/A N/A N/A

2.86E+01 | 3.47E+01 | 3.20E02 3.72E03 3.36E+01

9.35E02 9.35E02 5.00E02 -2.82E02 <MDC

6.71E+04 | 1.00E+05 | 3.17E+02 -3.39E+01 7.04E+04

N/A N/A 2.80E01 -1.82E01 <MDC

9.74E04 2.53E01 8.10E03 7.40E05 <MDC

1.02E01 4.04E01 4.50E03 -1.99E04 1.19e01

1.12E+00 | 7.44E+00 1.60E01 5.29E02 2.42E+00

@@OOOJ)%CDHLOOJOOO)&

1.80E+00 | 5.59E+00 | 5.80E01 5.56E03 1.20E+00

P4
=

N/A N/A 1.70E03 8.35E04 <MDC

<
>3

N/A N/A 3.20E03 1.63E04 <MDC

7.00E03 1.01E02 3.10E03 9.45E04 9.91E03

3.60E+00 | 2.57E+02 | 1.01E+01 5.19E+00 2.18E+02

1.26E+00 | 1.26E+00 N/A N/A N/A

N~ O

2.15E03 1.04E02 2.40E03 1.20E03 <MDC

N/A N/A 8.90E03 1.04E02 <MDC

1.85E+03 | 1.98E+04 | 1.62E+01 1.75E+01 1.69E+03

6.66E03 2.22E02 3.90E03 9.23E04 <MDC

1.66E+01 | 1.96E+01 | 4.90E02 3.58E02 2.03E+01

3.05E+04 | 4.21E+04 | 7.30E+00 4.93E02 3.02E+04

1.43E02 1.77E+00 1.20E01 4.44E03 <MDC

00|00 (00 |00|h|©

1.28E+00 | 1.81E+00 N/A N/A N/A

=
o

2.33E+03 | 2.82E+04 | 3.57E+01 2.67E01 2.12E+04

[EEN

3.37E03 3.37E03 8.40E03 6.85E04 <MDC

1.19E+00 | 3.38E+00 1.20E01 -1.26E03 2.87E+00

2.53E+01 | 3.37E+01 | 6.30E+00 -2.05E+00 2.46E+01

1.73E01 1.67E+00 1.20E01 1.41E04 <MDC

N/A N/A 2.30E03 2.10E04 <MDC

3.51E02 1.84E01 1.30E02 1.15E02 3.78E02

1.91E+00 | 4.72E+00 N/A N/A N/A

-2.89E+00| 1.51E+00 | 4.10E+00 1.73E+00 <MDC

8.54E+03 | 1.09E+04 | 7.10E+00 -4.69E+00 9.23E+03

7.60E+01 | 9.37E+02 | 1.30E+00 2.94E03 7.85E+02

5.69E03 7.38E03 3.20E03 1.42E03 <MDC

2.24E03 4.32E02 2.50E03 -4.84E04 <MDC

1.98E+00 | 2.30E+00 | 2.20E03 1.69E04 2.16E+00

1.11E+01 | 1.44E+01 1.20E01 1.96E02 1.34E+01

4.13E+00 | 2.01E+01 | 1.60E+00 -9.85E04 8.60E+00

'El = Element analyzed:;

2N = Total number of samples analyzeg{¥ number of samples with detectable (above MDC) values;
3Min = the lowest value measured above MDC; Max = the highest value measured;

4“MDC = Minimum detectable concentration;

5Concentrations below the MDC are reported as <MDC;

N/A = Not Applicable
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Drinking Water from 1998 - 2011

Table 2.14. Measured Concentration of Selected Inorganic Analytes in Otis

19982010

2011

2
NDET

Min 3

Max®

MDC*
(na/L)

Blank Conc.
(na/L)

Sample Conc.

(Hg/L)®

1

2.63E02

2.63E02

1.55E02

3.85E03

<MDC

3

5.74E+00

1.06E+03

4.90E+00

2.24E01

<MDC

6.53E01

5.72E+00

6.50E+00

5.57E01

<MDC

1.46E+02

2.39E+02

N/A

N/A

N/A

O|w|oo

1.35E+01

1.75E+01

1.60E01

3.72E03

1.75E+01

<
>

N/A

N/A

2.50E01

-2.82E02

<MDC

(&)

2.42E+05

3.83E+05

3.17E+03

-3.39E+01

2.43E+05

<
>

N/A

N/A

1.40E+00

-1.82E01

<MDC

2.75E02

2.75E02

4.05E02

7.40E05

<MDC

1.31E01

9.51E01

2.25E02

-1.99E04

4.56E01

8.76E01

6.67E+00

8.00E01

5.29E02

2.34E+00

2.43E+00

6.02E+00

2.90E+00

5.56E03

4.37E+00

3.39E03

3.39E03

8.50E03

8.35E04

<MDC

N/A

N/A

1.60E02

1.63E04

<MDC

3.42E03

9.48E03

1.55E02

9.45E04

<MDC

2.87E+00

1.02E+03

5.05E+01

5.19E+00

8.34E+02

Hoaooj%l—\cocooon—\

6.54E01

6.54E01

N/A

N/A

N/A

P
=

N/A

N/A

1.20E02

1.20E03

<MDC

<
>|>

N/A

N/A

8.90E03

1.04E02

<MDC

2.74E+03

4.01E+03

8.10E+01

1.75E+01

2.85E+03

3.36E03

6.30E03

1.95E02

9.23E04

<MDC

3.74E+01

6.79E+01

2.45E01

3.58E02

4.41E+01

5.16E+04

1.08E+05

7.30E+01

4.93E02

8.10E+04

1.78E01

2.32E+00

6.00E01

4.44E03

<MDC

(OO (N[N |©

2.25E+00

3.13E+00

N/A

N/A

N/A

=
o

1.16E+03

1.97E+05

3.57E+02

2.67E01

1.14E+05

w

4.80E03

3.97E02

4.20E02

6.85E04

<MDC

2.45E+00

1.11E+01

6.00E01

-1.26E03

1.03E+01

4.54E+01

1.32E+02

3.15E+01

-2.05E+00

8.64E+01

1.08E01

5.04E01

6.00E01

1.41E04

<MDC

N/A

N/A

1.15E02

2.10E04

<MDC

3.50E02

4.10E01

6.50E02

1.15E02

9.83E02

2.57E+00

5.35E+00

N/A

N/A

N/A

-2.43E02

1.19E+00

2.05E+01

1.73E+00

<MDC

9.83E+03

1.39E+04

3.55E+01

-4.69E+00

9.30E+03

3.31E+01

4.62E+03

1.30E+01

2.94E03

3.60E+03

1.19E03

2.67E02

1.60E02

1.42E03

<MDC

-6.30E03

-6.30E03

1.25E02

-4.84E04

<MDC

3.73E+00

5.88E+00

1.10E02

1.69E04

5.07E+00

1.05E+01

1.29E+01

6.00E01

1.96E02

1.10E+01

1.54E+00

1.64E+01

8.00E+00

-9.85E04

9.15E+00

El = Element analyzed:;

2N = Total number of samples analyzeg{¥ number of samples with detectable (above MDC) values;
3Min = the lowest value measured above MDC; Max = the highest value measured;

4“MDC = Minimum detectable concentration;

5Concentrations below the MDC are reported as <MDC;

N/A = Not Applicable
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Monitoring Drinking Water from Selected Sources

Table 2.15. Measured Concentration of Selected Inorganic Analytes in Malaga
Drinking Water from 1998 - 2011

19982010 2011

2
NDET

MDC*
(ng/L)

Blank Conc.
(pg/L)

Sample Conc.
(ug/L)®

N/A

1.55E02

3.85E03

<MDC

N/A

4.90E+00

2.24E01

<MDC

N/A

6.50E+00

5.57E01

<MDC

N/A

N/A

N/A

N/A

N/A

1.60E01

3.72E03

1.66E+01

N/A

2.50E01

-2.82E02

<MDC

N/A

3.17E+03

-3.39E+01

2.41E+05

N/A

1.40E+00

-1.82E01

<MDC

N/A

4.05E02

7.40E05

<MDC

N/A

2.25E02

-1.99E04

8.57E01

N/A

8.00E01

5.29E02

1.95E+00

N/A

2.90E+00

5.56E03

3.66E+00

N/A

8.50E03

8.35E04

<MDC

N/A

1.60E02

1.63E04

<MDC

N/A

1.55E02

9.45E04

<MDC

N/A

5.05E+01

5.19E+00

8.94E+02

N/A

N/A

N/A

N/A

N/A

1.20E02

1.20E03

<MDC

N/A

8.90E03

1.04E02

<MDC

N/A

8.10E+01

1.75E+01

2.57E+03

N/A

1.95E02

9.23E04

<MDC

N/A

2.45E01

3.58E02

4.39E+01

N/A

7.30E+01

4.93E02

6.98E+04

N/A

6.00E01

4.44E03

<MDC

N/A

N/A

N/A

N/A

N/A

3.57E+02

2.67E01

7.53E+04

N/A

4.20E02

6.85E04

<MDC

N/A

6.00E01

-1.26E03

1.04E+01

N/A

3.15E+01

-2.05E+00

5.64E+01

N/A

6.00E01

1.41E04

<MDC

N/A

1.15E02

2.10E04

<MDC

N/A

6.50E02

1.15E02

<MDC

N/A

N/A

N/A

N/A

N/A

2.05E+01

1.73E+00

<MDC

N/A

3.55E+01

-4.69E+00

9.12E+03

N/A

1.30E+01

2.94E03

3.80E+03

N/A

1.60E02

1.42E03

<MDC

N/A

1.25E02

-4.84E04

<MDC

N/A

1.10E02

1.69E04

5.38E+00

N/A

6.00E01

1.96E02

8.70E+00

N/A

8.00E+00

-9.85E04

1.52E+01

'El = Element analyzed;

2N = Total number of samples analyzeg{¥ number of samples with detectable (above MDC) values;
3Min = the lowest value measured above MDC; Max = the highest value measured;

“MDC = Minimum detectable concentration;

SConcentrations below the MDC amported as <MDC;

N/A = Not Applicable
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Monitoring Drinking Water from Selected Sources

Figure 2.16. Concentrations (eg/L) of
Otis Drinking Water from 1998 - 2011
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