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INTRODUCTION

This report covers the Quality Assurance (QA) Program for the Analytical
Services function of the Teledyne Brown Engineering Environmental Services
(TBE-ES) laboratory for January through December 2017.

A. Operational Quality Control Scope

1.

Interlaboratory

The Teledyne Brown Engineering Environmental Services Laboratory
Quality Control (QC) Program is designed to monitor the quality of
analytical processing associated with environmental, effluent (10CFR
Part 50), and waste characterization (10CFR Part 61) samples.

Quality Control of radioanalyses involves the internal process control
program, and independent third party programs administered by
Analytics and Environmental Resource Associates (ERA).

TBE-ES also participates in the Department of Energy’s (DOE) Mixed
Analyte Performance Evaluation Program (MAPEP) administered by
the U. S. Department of Energy. The MAPEP is a set of performance
evaluation samples (e.g., water, soil, air filters, etc.) designed to
evaluate the ability and quality of analytical facilities performing
measurement on samples that contain hazardous and radioactive
(mixed) analytes.

Quality Control for radioanalyses during this reporting period
consisted of internal process check samples. Third-party process
checks prepared by Analytics, ERA and the DOE’s MAPEP are not
reported during the first quarter of the year.

Inter-laboratory cross-check samples are received and reported as
follows:

Analytics provides cross check samples quarterly in March, June,
September, and November.

MAPEP provides samples semi-annually in February and
September with required reporting dates in May and November,
respectively, following sample receipt.

ERA provides samples semi-annually in April and October with
required reporting dates in May and November, respectively,
following sample receipt.
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2.

Intralaboratory

The internal QC program is designed to include QC functions such as
instrumentation checks (to insure proper instrument response), blank
samples (to which no analyte radioactivity has been added), for
contamination checks, and instrumentation backgrounds. Process
controls (or process checks) are either actual samples submitted in
duplicate (duplicates) in order to evaluate the precision of laboratory
measurements, or blank samples which have been “spiked” with a
known quantity of a radioisotope that is of interest to laboratory
clients. QC samples are intended to evaluate the entire radiochemical
and radiometric process. Process control and qualification analyses
samples seek to mimic the media type of those samples submitted for
analysis by the various laboratory clients. The magnitude of the
process control program combines both internal and external sources
targeted at 10% of the routine sample analysis load.

Quality Assurance Program

To provide direction and consistency in administering the quality
assurance program, TBE-ES has developed and follows a Quality
Manual and a set of Standard Operating Procedures (SOP). The plan
describes the scheduled frequency and scope of Quality Assurance
and Quality Control (QA/QC) considered necessary for an adequate
QA/QC program conducted throughout the year.

Internal audits are performed on an annual schedule.

The laboratory may be audited by prospective customers during a
pre-contract audit, and/or by existing clients who wish to conduct
periodic audits in accordance with their contractual arrangements.
State audits are conducted to maintain state certification specific to
client requirements and for the National Environmental Laboratory
Accreditation Conference (NELAC) accreditation. The Nuclear
Utilities Procurement Issues Committee (NUPIC) conducts audits of
TBE-ES as a function of a utility’'s Radiological Environmental
Monitoring Program (REMP).

In 2017, an Internal Audit was started on November 13-14, but not
completed until February 9, 2018. The purpose of this audit was to
verify compliance to requirements stated in Revision 30 of the TBE
QA Manual, Sections 1 -16, and implementation of procedures. The
results will be included in the 1! Qtr 2018 QA Report.

The following External Audits were hosted by TBE in 2017:
e FEMA Lab Evaluation in support of Calvert Cliffs Ingestion
Pathway Exercise (State of Delaware) on September 19
e BWX Technologies (BWXT) on November 6 — 9
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e Toxco Materials Management Center (TMMC) Desktop Audit
submitted November 30

The FEMA lab evaluation is part of a greater exercise to determine
preparedness in case of a radiological emergency around the Calvert
Cliffs Nuclear Power Plant. There were no outstanding issues and
this audit is considered closed.

The purpose of the BWXT audit was to evaluate the TBE Quality
Program and determine, on a sample basis, if the subcontractor is
meeting the minimum requirements invoked by their documented
quality program, and the requirements stated in active BWXT
purchase orders. The audit identified one (1) nonconformity and no
observations or suggestions. The finding has been addressed and
the audit is considered closed.

The purpose of the Toxco audit was to maintain TBE on TMMC'’s
Approved Suppliers List (ASL) for radiochemical laboratory services.
No nonconformities were found and TBE remains on their ASL list for
an additional three years. The audit is considered closed.

B. Performance Characteristics

1.

Interlaboratory Accuracy

TBE-ES has adopted a QC acceptance protocol based upon two
external performance models. For the interlaboratory programs that
have established performance criteria (e.g., established warning and
failure limits), the laboratory uses those established criteria to
evaluate QC sample results. For the interlaboratory QC programs
which have no pre-set acceptance criteria (e.g. Analytics Cross
Check Program), results are evaluated in accordance with TBE-ES
internal acceptance criteria.

a) Analytics’ Evaluation Criteria

Analytics’ evaluation report provides a ratio of TBE’s result and
Analytics’ known value. Since flag values are not assigned,
TBE-ES evaluates the reported ratios based on internal QC
requirements, which are based on the DOE MAPEP criteria.

b) DOE Evaluation Criteria

Handbook for the Department of Energy’s Mixed Analyte
Performance Evaluation Program (MAPEP), Revision 13 (June
2012), pp 37-38, retrieved from
http://www.id.energy.gov/resl/mapep/handbookv13.pdf
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MAPEP’s evaluation report provides an acceptance range with
associated flag values.

The MAPEP defines three levels of performance: Acceptable
(flag= A), Acceptable with Warning (flag = W), and Not
Acceptable (flag = N). Performance is considered acceptable
when a mean result for the specified analyte is + 20% of the
reference value. Performance is acceptable with warning when a
mean result falls in the range from + 20% to + 30% of the
reference value (i.e., 20% < bias < 30%). If the bias is greater
than 30%, the results are deemed not acceptable.

False-positive/negative testing and sensitivity evaluations are
used in radiological performance evaluations. The specific
analytes used for testing vary among performance evaluation test
sessions.

The MAPEP program uses false-positive testing to identify
laboratory results that indicate the presence of a particular
radionuclide in a MAPEP sample when, in fact, the actual activity
of the radionuclide is far below the detection limit of the
measurement. Not Acceptable (N) performance, and hence a
false positive result, is indicated when the range encompassing
the result, plus or minus the total uncertainty at three standard
deviations, does not include zero (i.e. 2.5 £ 0.2; range of 1.9-
3.1). Statistically, the probability that a result can exceed the
absolute value of its total uncertainty at three standard deviations
by chance alone is less than 1%. The MAPEP uses a three
standard deviation criterion for the false positive test to ensure
confidence about issuing a false-positive performance evaluation.
A result that is greater than three times the total uncertainty of the
measurement represents a statistically- positive detection with
over 99% confidence.

Sensitivity evaluations are routinely performed to complement the
false-positive tests. In a sensitivity evaluation, the radionuclide is
present at or near the detection limit, and the difference between
the reported result and the MAPEP reference value is compared
to the propagated combined total uncertainties. The results are
evaluated at three standard deviations. If the observed difference
is greater than three times the combined total uncertainty, the
sensitivity evaluation in “Not Acceptable”. The probability that
such a difference can occur by chance alone is less than 1%. If
the participant did not report a statistically-positive result, a “Not
Detected” is noted in the text field of the MAPEP performance
report. A non-detect is potentially a false-negative result,
dependent upon the laboratory’s detection limit for the
radionuclide.
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2.

c)

d)

False-negative tests are also performed in combination with the
sensitivity evaluations. In this scenario, the sensitivity of the
reported measurement indicates that the known specific activity
of the targeted radionuclide in the performance evaluation
sample should have been detected, but was not, and a “Not
Acceptable” performance evaluation is issued. The uncertainty of
the MAPEP reference value and of the reported result at three
standard deviations is used for the false-negative test.

The false-positive/negative and sensitivity evaluation tests are
conducted in a manner that assists the participants with their
measurement uncertainty estimates and helps ensure they are
not under estimating or over inflating their total uncertainties. If
the total uncertainty is over-inflated in order to pass a false-
positive test, it will result in a “Not Detected” if the test is actually
a sensitivity evaluation. The opposite is true for a false-positive
test. False-negatives and failed sensitivity evaluations can also
result from under-estimating the total uncertainty. An accurate
estimate of measurement uncertainty is required for consistent
performance at the acceptable level.

ERA Evaluation Criteria

The ERA evaluation report provides an acceptance range for
control and warning limits with associated flag values. ERA'’s
acceptance limits are established per the US-EPA, NELAC,
state-specific performance testing program requirements, or
ERA’s SOP for the Generation of Performance Acceptance
Limits, as applicable. The acceptance limits are either determined
by a regression equation specific to each analyte or a fixed
percentage limit promulgated under the appropriate regulatory
document.

NRC Resolution

The laboratory also participates in the NRC Resolution Criteria
with some laboratory clients to primarily evaluate double-blind 10
CFR Part 50 performance. The NRC Resolution Criteria are
based on an empirical relationship, which combines prior
experience and the accuracy needs of the program. The data is
restricted to the individual client and is not included in this report.

Intralaboratory Accuracy Acceptance Criteria

a) Process Controls

For a group of test measurements to a given spike level, the
measure of accuracy is the percent recovery of the spike activity
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found versus the added spike activity. The percent recovery is
calculated as follows:

(Am / As) 100
Where: Am = the activity measured
As = the spiked activity

Internal Process Control results use TBE-ES acceptance criteria
of 70%-130% recovery. Warning limits are set from 70%-80% and
120%-130%. Results evaluated as “Warning” are evaluated for
trends of low bias or high bias and are used to detect potential
problems. The laboratory’s internal acceptance criteria are based
on MAPEP’s defined performance levels of bias greater than 30%.

A matrix spike (MS) sample is an aliquot of a sample spiked with a
known concentration of a target analyte prior to sample
preparation and analysis. The matrix spike is used to document
the bias of a method in a sample matrix. Matrix spike results use
acceptance criteria of 60%—-140% recovery.

Other Measures

Backgrounds, which represent the ambient signal response
recorded by measuring instruments, are independent of
radioactivity contributed by the radionuclides being measured in
the sample.

Blank samples are acceptable if they do not contain any three-
sigma statistically positive activity of the target parameters, unless
the associated samples are positive. If all sample results
associated with the blank are greater than the MDC, then the
blank MDC shall be less than the activity of the least active
sample in the work order. If possible, equivalent media for
preparing laboratory processing blanks will be used.

Replicate (duplicate [DUP]) and matrix spike duplicates (MSD)
samples are produced by taking two aliquots from the same
process check sample and assigning each aliquot a different Lab
Sample Number. In cases of replicate analyses where there are
no “known” values, the analyses will be evaluated for precision
only. The matrix spike duplicates are split samples spiked with
identical concentrations of a target analyte used to evaluate
precision and bias. They are carried through the complete sample
preparation and analytical procedure. Precision is evaluated by
calculating the Relative Percent Difference (RPD) between the
two samples. Relative Percent Difference is calculated as the
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absolute difference between two values normalized to the average
value, expressed as a percentage:

% RPD = (abs[orig — dup] / [orig + dup]/2) x 100

The matrix spike duplicate is calculated as the absolute value of
the original activity minus the duplicate activity divided by the
spike activity expressed as a percentage. [f the original activity is
not detected then the activity is considered zero (0).

% MSD = (abs[orig activity — dup activity]/spike activity) x 100
(Recovery)

For purposes of analytical reporting, each analytical result
specifies the radionuclide concentration and the a posteriori
Minimum Detectable Concentration (MDC). TBE-ES calculates
the a posteriori MDC using the sample’s actual measurement
parameters (i.e., sample volume, chemical recovery, instrument
background, etc.) to demonstrate that the Nuclear Regulatory
Commission’s (NRC’s) a priori MDC has been met for each
radionuclide/sample. By TBE-ES policy, the a posteriori MDC
must be less than the required NRC a priori MDC.

Investigations and Nonconformance Reports

QC investigations are initiated when QC results fall outside of the
QC criteria. Other investigations may arise from unanticipated
situations which are not clearly defined in the procedures or bounded
by pre-established performance criteria, but have the potential of
becoming QA-related issue(s). The QA investigation is the
mechanism to quickly ascertain if there is “due cause” to issue a
formal NCR.

An NCR is issued when an investigation finds “due cause” to
document formal investigation into the root cause of the failure, the
corrective action taken, and the action taken to prevent recurrence.
Investigations may include review of procedures, interviews of
personnel, review of laboratory and instrument logbooks,
observation of analyst techniques and any other items identified as
necessary to resolve the issue.

For intercomparison performance evaluation samples it is TBE's
policy to issue an NCR for unacceptable results.
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ANALYTICAL SERVICES QUALITY CONTROL SYNOPSIS

A.

Interlaboratory Cross-Check Program

During this reporting period, 25 nuclides associated with six media types
(Air Filter, Charcoal [Air lodine], Milk, Soil, Vegetation and Water) were
analyzed. Samples were obtained from Analytics, the Department of
Energy’'s (DOE) Mixed Analyte Performance Evaluation Program
(MAPEP) and Environmental Resource Associates (ERA). Media types
representative of client analyses performed during this reporting period
were selected. The results are presented in Attachment A.

1.

Analytics Environmental Cross Check Program

Fifteen nuclides in milk, air particulate, air iodine (charcoal) and water
samples were evaluated for four sets of cross-checks during March —
December, 2017. All of the environmental analyses performed were
reported as within the acceptable/acceptable with warning criteria
except for one Cr-51 in soil sample.

NCR 17-16 was initiated to address the in-house Cr-51 failure and a
Corrective Action was issued. All raw data and associated QC data
were reviewed and fell within acceptance limits.

. DOE’s MAPEP Quality Assessment Program

Thirteen nuclides in water, air particulate, soil, and vegetation
samples were evaluated in March — December, 2017. All of the
environmental analyses performed were reported as within the
acceptable/acceptable with warning criteria except for one U-238 in
air particulate sample.

NCR 17-15 was initiated to address the in-house U-238 failure and a
Corrective Action was issued. All raw data and associated QC data
were reviewed and fell within acceptance limits.

ERA Environmental Cross Check Program

Twelve nuclides were evaluated in air particulate and water samples
during March — December, 2017. All analyses performed were within
the acceptable criteria except for Zn-65, Sr-89 and Sr-90 in water
samples (one each).

NCR 17-09 was initiated to address the in-house Zn-65 and Sr-89
failures. Corrective Actions for each nuclide were issued. All raw
data and associated QC data were reviewed and fell within
acceptance limits.
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NCR 17-19 was initiated to address the in-house Sr-90 failure and a
Corrective Action was issued. All raw data and associated QC data
were reviewed and fell within acceptance limits

Intralaboratory Cross-Check Program

During this reporting period, 37 nuclides in various matrices, including air
particulate, animal, charcoal, fish, soil/solid, and water, were analyzed by
means of the laboratory’s internal process control program. The
compilation of intralaboratory comparison data for this reporting period is
summarized in Attachment B. (Note: Only gamma nuclides that are
typically seen in samples are included in the attachment — a complete list
is available upon request).

The TBE-ES laboratory's internal process control program evaluated
3898 analyses during this period.
1. Blanks
During this reporting period, all 1660 environmental blanks analyzed
were less than the MDC.
2. Spikes
During this reporting period, all 1639 environmental spikes and matrix
spikes analyzed were within the acceptance criteria.
3. Duplicates
All of the 3788 duplicate sets analyzed were within acceptance
criteria.

Non-Conformance Reports (NCRs)

Nine new NCRs were issued for this reporting period (total of 19 for
2017). See Attachment C for the non-conformance reports. Section Il A
gives detailed accounts of the non-conformances initiated for
interlaboratory cross-check program failures.

Observation Reports

No observation reports were issued for this reporting period.
Instrumentation

TBE-ES uses the statistical principle method of evaluation for instrument
quality control check data based on the mean, 2-sigma and 3-sigma set
point model or uses pre-set tolerance limits. Each detector is checked

prior to use for that day and the resulting data points are automatically
compared to statistical baselines to determine the instrument's
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acceptability for counting. Control charts showing this data are available
during audits or upon request.

Gamma Spectroscopy:

Gamma detectors are routinely monitored for energy, full width at half
maximum, efficiency, and background. @TBE-ES gamma detectors
operated without incident during this reporting period. Occasional
second runs (as allowed by our QA program) were necessary to verify
acceptable operation. Some amplifier fine gain adjustments and liquid
nitrogen addition to the dewars were also necessary when data trends
indicate an energy drift on the detector.

Liquid Scintillation Counters (LSC):

LSC instruments, used in tritium, C-14, Ni-63 and other low-energy beta-
emitters, are monitored for background and efficiency. The reliability of
these instruments is exceptional with zero instances of background or
efficiency values outside of control limits.

Alpha/Beta Gas Flow Proportional (GFP) Counters:

GFP detectors, used for gross alpha/beta, Sr-89/90, 1-131 (Low Level),
and other nuclides, are monitored for background and efficiency. TBE-
ES GFP detectors operated without incident during this reporting period.
Occasionally, second runs (primarily for alpha due to the sensitivity of
source placement) were necessary to verify acceptable operation or
because of low P-10 pressure. After gas change-out and purging,
control check values return to control norms.

Alpha Spectroscopy:

Alpha detectors are routinely monitored for energy, full width at half
maximum, efficiency, and background. TBE-ES alpha detectors
operated without incident during this reporting period. Occasional
second runs (as allowed by our QA program) were necessary to verify
acceptable operation.

10
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ATTACHMENT A

Interlaboratory Quality Control Program Results
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A1

Analytics Cross Check Program Results
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A.1 Analytics Environmental Radioactivity Cross Check Program
Teledyne Brown Engineering Environmental Services

TBE

Month/Year Id?\:\;l;%a;:on Matrix ~ Nuclide Units Reported V}:;S:g) Enaatll(;ti?:fs-rs eE sfjcl)t Evaluation
Value
March 2017 E11811 Milk Sr-89 pCi/L 87 97.7 0.89 A
Sr-90  pCilL 124 16.2 0.77 A
E11812 Milk Ce-141  pCilL 135 145 0.93 A
Co-58  pCi/lL 153 150 1.02 A
Co-60 pCi/L 182 183 1.00 A
Cr-51 pCi/L 258 290 0.89 A
Cs-134  pCi/lL 104 120 0.87 A
Cs-137  pCi/lL 142 140 1.02 A
Fe-59 pCi/L 135 129 1.05 A
1-131 pCi/L 92.6 97.9 0.95 A
Mn-54  pCi/L 173 164 1.05 A
Zn-65 pCi/L 208 199 1.04 A
E11813 Charcoal  1-131 pCi 92 93.9 0.98 A
E11814 AP Ce-141 pCi 99.9 101 0.99 A
Co-58 pCi 95.4 104 0.92 A
Co-60 pCi 140 127 1.10 A
Cr-51 pCi 211 201 1.05 A
Cs-134 pCi 82.1 83.2 0.99 A
Cs-137 pCi 92.8 97.0 0.96 A
Fe-59 pCi 107 89.3 1.20 A
Mn-54 pCi 106 114 0.93 A
Zn-65 pCi 137 138 0.99 A
E11816 Soil Ce-141 pCi/g 0.258 0.250 1.03 A
Co-58  pCilg 0.241 0.258 0.93 A
Co-60  pCi/g 0.312 0.315 0.99 A
Cr-51 pCi/g 0.439 0.500 0.88 A
Cs-134  pCilg 0.176 0.207 0.85 A
Cs-137  pCi/g 0.304 0.317 0.96 A
Fe-59 pCi/g 0.210 0.222 0.95 A
Mn-54 pCilg 0292 0.283 1.03 A
Zn65 pCilg  0.353 0.344 1.03 A
E11815 Water Fe-55  pCi/L 1600 1890 0.85 A

(a) The Analytics known value is equal to 100% of the parameter present in the standard as determined by gravimetric and/or
volumetric measurements made during standard preparation
(b) Analytics evaluation based on TBE internal QC limits:
A = Acceptable - reported result falls within ratio limits of 0.80-1.20
W = Acceptable with warning - reported result falls within 0.70-0.80 or 1.20-1.30
N = Not Acceptable - reported result falls outside the ratio limits of < 0.70 and > 1.30

(Page 1 of 4)
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A.1 Analytics Environmental Radioactivity Cross Check Program
Teledyne Brown Engineering Environmental Services

i TBE .
Identification . . ) Known Ratio of TBE to (b
Month/Year Nisibar Matrix ~ Nuclide Units Reported Value ®  Analytics Result Evaluation
Value

June 2017 E11844 Milk Sr-89  pCilL 81.3 92.6 0.88 A

Sr-90  pCilL 12.1 13.5 0.90 A

E11846 Milk Ce-141  pCilL 142 151 0.94 A

Co-58  pCi/lL 147 155 0.95 A

Co-60  pCilL 185 191 0.97 A

Cr-51  pCilL 321 315 1.02 A

Cs-134  pCi/lL 168 188 0.89 A

Cs-137  pCill 148 150 0.99 A

Fe-59  pCi/L 116 115 1.01 A

1-131 pCi/L 102 93.6 1.09 A

Mn-54  pCi/L 168 172 0.98 A

Zn-65  pCilL 195 204 0.96 A

E11847 Charcoal 1-131 pCi 87.9 84.8 1.04 A

E11845 AP Sr-89 pCi 70.8 791 0.90 A

Sr-90 pCi 9.10 115 0.79 W

E11848 AP Ce-141  pCi 112 116 0.96 A

Co-58 pCi 119 119 1.00 A

Co-60 pCi 171 146 1.17 A

Cr-51 pCi 270 241 142 A

Cs-134  pCi 152 144 1.05 A

Cs-137  pCi 114 115 0.99 A

Fe-59 pCi 94.1 88.3 1.07 A

Mn-54 pCi 139 132 1.06 A

Zn-65 pCi 141 156 0.90 A

E11849 Water Fe-55  pCi/L 1840 1890 0.97 A

July 2017 E11901 AP GR-A pCi 50.1 442 1.13 A

GR-B pCi 218 233 0.93 A

(a) The Analytics known value is equal to 100% of the parameter present in the standard as determined by gravimetric and/or
volumetric measurements made during standard preparation
(b) Analytics evaluation based on TBE internal QC limits:
A = Acceptable - reported result falls within ratio limits of 0.80-1.20
W = Acceptable with warning - reported result falls within 0.70-0.80 or 1.20-1.30
N = Not Acceptable - reported result falls outside the ratio limits of < 0.70 and > 1.30

(Page 2 of 4)
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A.1 Analytics Environmental Radioactivity Cross Check Program
Teledyne Brown Engineering Environmental Services

TBE

Month/Year 'der\;]:':‘f:'ron Matrix ~ Nuclide  Units R?/F;T::d \Zr;;’:g) /lf:at:?(ti(::fsTRB éEsL(I)t Evaluation ©

September 2017 E11914 Milk Sr-89  pCilL 84.3 82.7 1.02 A
Sr-90  pCilL 12.6 12.1 1.04 A
E11915 Milk Ce-141  pCi/L 93.9 87.0 1.08 A
Co-58  pCilL 115 117 0.98 A
Co-60  pCilL 265 262 1.01 A
Cr-51  pCilL 273 217 1.26 W
Cs-134  pCilL 186 201 0.93 A
Cs-137  pCilL 175 172 1.02 A
Fe-59  pCilL 137 125 1.09 A
1-131 pCi/L 78.0 71.0 1.10 A
Mn-54  pCi/L 128 123 1.04 A
Zn-65  pCilL 206 184 1.12 A
E11916 Charcoal  1-131 pCi 71.8 64.4 1.12 A
E11917 AP Ce-141  pCi 80.1 86.3 0.93 A
Co-58 pCi 110 116 0.95 A
Co-60 pCi 277 260 1.07 A
Cr-51 pCi 275 215 1.28 W
Cs-134  pCi 192 199 0.96 A
Cs-137  pCi 165 170 0.97 A
Fe-59 pCi 122 124 0.98 A
Mn-54 pCi 120 122 0.99 A
Zn-65 pCi 175 183 0.96 A
E11918 Water Fe-55  pCi/L 1630 1630 1.00 A
E11919 Soil Ce-141  pCilg  0.136 0.142 0.96 A
Co-58  pCilg 0.179 0.191 0.94 A
Co-60  pCilg 0.405 0.429 0.94 A

Cr-51  pCilg  0.230 0.355 0.65 N
Cs-134 pCilg  0.272 0.328 0.83 A
Cs-137 pCilg  0.336 0.356 0.94 A
Fe-59  pCilg  0.210 0.205 1.02 A
Mn-54  pCilg  0.210 0.201 1.05 A
Zn-65 pCilg  0.301 0.301 1.00 A

(a) The Analytics known value is equal to 100% of the parameter present in the standard as determined by gravimetric and/or
volumetric measurements made during standard preparation
(b) Analytics evaluation based on TBE internal QC limits:
A = Acceptable - reported result falls within ratio limits of 0.80-1.20
W = Acceptable with warning - reported result falls within 0.70-0.80 or 1.20-1.30
N = Not Acceptable - reported result falls outside the ratio limits of < 0.70 and > 1.30

(1) See NCR 17-16

(Page 3 of 4)
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A.1 Analytics Environmental Radioactivity Cross Check Program
Teledyne Brown Engineering Environmental Services

i TBE .
Month/Year ldim:;f::ron Matrix ~ Nuclide Units Reported V’::S:g) E:;:?tgs-rg eE smthI)t Evaluation
Value
December 2017 E12054 Milk Sr-89 pCi/L 92.1 92.3 1.00 A
Sr-90 pCi/L 18.3 16.9 1.09 A
E12055 Milk Ce-141 pCi/lL 97.8 98.3 0.99 A
Co-58 pCi/L 92.3 89.9 1.03 A
Co-60 pCi/L 176 173 1.02 A
Cr-51 pCi/L 226 242 0.93 A
Cs-134  pCi/lL 118 125 0.95 A
Cs-137  pCilL 148 141 1.05 A
Fe-59 pCi/L 123 113 1.08 A
1-131 pCi/L 66.0 57.8 1.14 A
Mn-54  pCi/L 173 161 1.08 A
Zn-65 pCi/L 233 211 1.10 A
E12056 Charcoal 1-131 pCi 48.1 47.5 1.01 A
E12057A AP Ce-141 pCi 108 111 0.97 A
Co-58 pCi 89.5 102 0.88 A
Co-60 pCi 223 196 1.14 A
Cr-51 pCi 311 274 1.13 A
Cs-134 pCi 141 142 1.00 A
Cs-137 pCi 162 160 1.01 A
Fe-59 pCi 121 129 0.94 A
Mn-54 pCi 177 182 0.97 A
Zn-65 pCi 203 239 0.85 A
E12058 Water Fe-55 pCi/L 1970 1740 1.13 A
E12059 AP Sr-89 pCi 71.2 87.4 0.81 A
Sr-90 pCi 12.9 16.0 0.81 A
(a) The Analytics known value is equal to 100% of the parameter present in the standard as determined by gravimetric and/or
volumetric measurements made during standard preparation
(b) Analytics evaluation based on TBE internal QC limits:
A = Acceptable - reported result falls within ratio limits of 0.80-1.20
W = Acceptable with warning - reported result falls within 0.70-0.80 or 1.20-1.30
N = Not Acceptable - reported result falls outside the ratio limits of < 0.70 and > 1.30
(Page 4 of 4)
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A.2

MAPEP Quality Assessment Program Results
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A.2 DOE's Mixed Analyte Performance Evaluation Program (MAPEP)
Teledyne Brown Engineering Environmental Services

TBE

Identification : : ) Known Acceptance . (b)
Month/Year Kiuiritier Matrix Nuclide Units Reported Value @ Range Evaluation
Value
February 2017 17-MaS36 Soil Ni-63 Ba/kg -5.512 (1) A
Sr-90 Ba/kg 571 624 437 - 811 A
17-MaW36 Water Am-241 Ba/L 0.693 0.846 0.592 - 1.100 A
Ni-63 Ba/L 13.4 12.2 85-15.9 A
Pu-238 Baq/L 0.7217 0.703 0.492 -0.914 A
Pu-239/240 Ba/L 0.9277 0.934 0.654 - 1.214 A
17-RdF36 AP U-234/233 Bg/sample  0.0911 0.104 0.073-0.135
U-238 Bg/sample  0.0967 0.107 0.075-0.139
17-RdV36  Vegetation Cs-134 Ba/sample 6.44 6.95 4.87 -9.04 A
Cs-137 Bag/sample 4.61 4.60 3.22-5.98 A
Co-57 Bg/sample  -0.0229 (1) A
Co-60 Bag/sample 8.52 8.75 6.13-11.38 A
Mn-54 Bg/sample 3.30 3.28 2.30-4.26 A
Sr-90 Bg/sample 1.30 1.75 1.23-2.28 W
Zn-65 Bg/sample 5.45 5.39 3.77 - 7.01 A
August 2017 17-MaS37 Soil Ni-63 Ba/kg 1130 1220 854 - 1586
Sr-90 Ba/kg 296 289 202 - 376
17-MaW37 Water Am-241 Ba/L 0.838 0.892 0.624 - 1.160 A
Ni-63 Ba/L -0.096 (1) A
Pu-238 Ba/L 0.572 0.603 0.422-0.784 A
Pu-239/240 Ba/L 0.863 0.781 0.547 -1.015 A
17-RdF37 AP U-234/233 Bg/sample 0.103 0.084 0.059 - 0.109 W
U-238 Bg/sample  0.115 0.087  0.061-0.113 N @
17-RdV37 Vegetation Cs-134 Bg/sample 2.34 2.32 1.62 - 3.02 A
Cs-137 Ba/sample 0.05 (1) A
Co-57 Bg/sample 3.32 2.8 20-36 A
Co-60 Bg/sample 2.09 2.07 1.45-2.69 A
Mn-54 Bag/sample 2.90 2.62 1.83-3.41 A
Sr-90 Bg/sample 1.17 123 0.86 - 1.60 A
Zn-65 Bg/sample 6.07 5.37 3.76 - 6.98 A
(a) The MAPEP known value is equal to 100% of the parameter present in the standard as determined by gravimetric and/or volumetric
measurements made during standard preparation
(b) DOE/MAPEP evaluation:
A = Acceptable - reported result falls within ratio limits of 0.80-1.20
W = Acceptable with warning - reported result falls within 0.70-0.80 or 1.20-1.30
N = Not Acceptable - reported result falls outside the ratio limits of < 0.70 and > 1.30
(1) False positive test
(2) See NCR 17-15
(Page 1 of 1)
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A3

ERA Cross Check Program Results
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A.3 ERA Environmental Radioactivity Cross Check Program
Teledyne Brown Engineering Environmental Services

TBE

Month/Year Idesbr:':gztrlon Matrix ~ Nuclide Units Reported \/Kar:f::g) ACT_?E::: ce Evaluation
Value
March 2017 MRAD-26 AP GR-A pCi/sample 76.3 85.5 28.6-133 A
April 2017 RAD-109 Water  Ba-133 pCi/L 492 49.7 40.8 - 55.1 A
Cs-134 pCi/L 83.2 90.1 74.0 - 99.1 A
Cs-137 pCi/L 202 206 185 - 228 A
Co-60 pCi/L 51.2 54.7 49.2-62.7 A
Zn-65 pCilL 39.3 53.8 47.2-65.9 N
GR-A pCi/L 53.6 75.0 39.5-92.3 A
GR-B pCi/L 427 385 25.5-46.0 A
U-Nat pCi/L 50.1 55.6 452-61.7 A
H-3 pCi/L 7080 6850 5920 - 7540 A
Sr-89 pCi/L 40.7 66.2 53.8-743 N
Sr-90 pCi/L 26.9 26.7 19.3-31.1 A
1-131 pCi/L 26.7 29.9 249-349 A
September 2017 MRAD-27 AP GR-A  pCi/sample 40.9 50.1 16.8-77.8 A
AP GR-B  pCi/sample 58.0 61.8 39.1-90.1 A
October 2017 RAD-111 Water  Ba-133 pCi/L 71.3 73.7 61.7-81.1 A
Cs-134 pCi/L 43.0 53.0 42.8-58.3 A
Cs-137 pCi/L 48.2 52.9 47.6-61.1 A
Co-60 pCi/L 69.0 69.5 62.6-78.9 A
Zn-65 pCi/L 335 348 313 - 406 A
GR-A pCi/L 325 35.6 18.3-45.8 A
GR-B pCi/L 243 25.6 16.0-33.6 A
U-Nat pCi/L 36.6 37.0 30.0-40.9 A
H-3 pCi/L 6270 6250 5390 - 6880 A
1-131 pCi/L 26.4 242 20.1-28.7 A
November 2017 1113170 Water  Sr-89 pCi/L 57.1 50.0 39.4-575 A
Sr-90 pCilL 27.1 41.8 30.8-48.0 N @

(a) The ERA known value is equal to 100% of the parameter present in the standard as determined by gravimetric and/or volumetric
measurements made during standard preparation.

(b) ERA evaluation:
A = Acceptable - Reported value falls within the Acceptance Limits
N = Not Acceptable - Reported value falls outside of the Acceptance Limits

(1) See NCR 17-09
(2) See NCR 17-19

(Page 1 of 1)
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A4

Analytics Cross Check Program Results

Client-Supplied Samples
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\:;« Eckert & Ziegler
Analytics

1380 Seaboard Industrial Bivd.
AUanta, Georgia 30318 U.S.A.

Tel 404-352-8677
Fax 404-352-2837

RESULTS OF RADIOCHEMISTRY
CROSS CHECK PROGRAM

XXXXXXXXXX

1st QUARTER 2017
(Ref. Date 17 Feb 2017, Rev. 0)

05 Jun 2017

Levan Tkavadze , Nuclear Metrologist

1st QUARTER 2017 (Ref. Date 17 Feb 2017, Rev. 0)
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Sample
A32520 LIQUID

Analysis
Gross Beta (Cs-137)

R FEX RO X
Value, uCi/ml
8.71E-04

EZA Value, uCi/ml

Resolution Comparison

AGREEMENT

A32521 LIQUID

Analysis
H-3

QRN
Value, uCi/mi EZA Value, uCi/mi
3.91E-04 5.00E-04

Resolution Comparison

125 AGREEMENT

A32522 FILTER

Analysis

LW oW ATAL B

A

Value, uCi EZA Value, uCi
2.41E-03 2.52E-03

Resolution Comparison

AGREEMENT

1s| QUARTER 2017 (Ref. Date 17 Feb 2017, Rev. 0)
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<> Eckert &Ziegler
Analytics

1380 Seaboard Industrial Bivd.
Atlanta, Georgia 30318 U.S.A.

Tel 404-352-8677
Fax 404-352-2837

RESULTS OF RADIOCHEMISTRY
CROSS CHECK PROGRAM

XXXXXXXXXX
2nd QUARTER 2017

(Ref. Date 12 May 2017, Rev. 1)

€e

L . -, I/I/, 05 Jul 2017

Levan Tkavadze , Nuclear Metrologist

2nd QUARTER 2017 (Ref. Date 12 May 2017, Rev. 1)

10f3
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Ratio

XXXXXXXX XXXXXXXXX /
Analysis Value, uCi/ml EZA Value, uCi/ml EZA Resolution Comparison
A32706 LIQUID Ni-63 4.28E-04 4.44E-04 0.96 125 AGREEMENT
Sr-89 3.70E-03 4.44E-03 0.83 17 AGREEMENT
Sr-90 3.68E-04 4.46E-04 0.83 125 AGREEMENT

Ratio

XXXXXXXX XXXXXXXXX /
Analysis Value, uCi/imi EZA Value, uCi/mi EZA Resolution Comparison
A32707 LIQUID Gross Alpha (Am-241) 6.42E-05 7.00E-05 0.92 12.5 AGREEMENT

Ratio

XXXXXXXX XXXXXXXXX /
Sample Analysis Value, uCi EZA Value, uC1 EZA Resolution Comparison
A32708 FILTER Ce-141 3.00E-02 3.13E-02 0.96 20 AGREEMENT
Co-58 2.23E-02 2.35E-02 0.95 20 AGREEMENT
Co-60 2.20E-02 2.24E-02 0.98 20 AGREEMENT
Cr-51 7.0BE-02 7.18E-02 0.98 20 AGREEMENT
Cs-134 2.16E-D2 2.24E-02 0.96 20 AGREEMENT
Cs-137 1.70E-02 1.74E-02 0.97 20 AGREEMENT
Fe-59 1.97E-02 2.04E-02 0.97 20 AGREEMENT
Mn-54 2.04E-02 2.12E-02 0.96 20 AGREEMENT
Zn-65 2.45E-02 2.55E-02 0.96 20 AGREEMENT

2d QUARTER 2017 (Ref. Dale 12 May 2017, Rev. 1) 20f3
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<> Eckert &Ziegler
Analytics

1380 Seaboard Industrial Bivd.
AUanta, Georgia 30318 U.S.A.

Tel 404-352-8677
Fax 404-352-2837

RESULTS OF RADIOCHEMISTRY
CROSS CHECK PROGRAM

XXXXXXXXXX

3rd QUARTER 2017
(Ref. Date 11 Aug 2017, Rev. 1)

19 Sep 2017

Levan Tkavadze , Nuclear Metrologist

3rd QUARTER 2017 (Ref. Date 11 Aug 2017, Rev. 1
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Ratio

XXX : XXXXXXXXX /
Analysis Value, uCi/ml EZA Value, uCi/ml Resolution Comparison

A33044 LIQUID Fe-55 2.02E-03 1.78E-03 113 125 AGREEMENT

XXOXXXXX
Analysis Value, uCi/ml EZA Value, uCi/ml Resolution Comparison

A33045 LIQUID H-3 6.51E-04~ 7.48E-04 0.87 125 AGREEMENT

Analysis Value, uCi EZA Value, uCi G THET Caomparison
A33046 FILTER Gross Alpha (Am-241) 6.68E-04 8.01E-04 0.83 125 AGREEMENT




534"

PAS

Eckert &Ziegler
Analytics

1380 Seaboard Industrial Bivd.
Atlanta, Georgia 30318 U.SA.

Tel 404-352-8677
Fax 404-352-2837

RESULTS OF RADIOCHEMISTRY
CROSS CHECK PROGRAM

XXXXXXXXX

4th QUARTER 2017
(Ref. Date 03 Nov 2017, Rev. 1)

07 Dec2017

Levan Tkavadze , Nuclear Metrologist

4th QUARTER 2017 (Ref. Date 03 Nov 2017, Rev. 1)
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AsagosLIQUD | ceudt

7 37E-03 B48E03 087 20  AGREEMENT

Co-38 176£-03 5.24E-03 091 20 AGREEMENT

Co-50 6.81E-03 7.31E-03 093 20 AGREEMENT

cral 2 11E02 2 37E-02 089 20 AGREEMENT

Cs-134 444E-03 5 38E-03 0.83 20 AGREEMENT

Cs-137 541503 552503 091 20 AGREEMENT

Fe-59 774603 8 B4E-03 0.96 20 AGREEMENT

Bn-54 & 83E-03 7.24E-03 0w 20 AGREENENT

Zn-65 9.298-03 5 71E-03 096 20 AGREEMENT

A:DSFLTER  Nes3 28803 298803 086 25 AGREEHENT
St-89 473803 = 256.03 oS0 17 AGREEMENT

$r-90 5.01E-04 6.035-04 083 125 AGREEMENT

3th QUARTER 2017 {Ref Date 03 Nov 2017, Rev 1) 3cf3
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A.5

Formal Interlaboratory

Quality Control Program Results
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@@ Fckert & Ziegler
Analytics

1380 Secaboard Indusztrial Blvd.
Atlanta, GA 30318, USA

Tel: 40%.352-8677
Fax: 408-352-2837

RESULTS OF ENVIRONMENTAL
CROSS CHECK PROGRAM

TELEDYNE BROWN ENGINEERING

1ST QUARTER 2017
(Ref. Date 16 MAR 17)

L. Tkavadze, Nuclear Metrologist
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SAMPLE ANALYSIS TBE UNCERTAINTY EZA UNCERTAINTY RATIO

VALUE (1 Sigma) VALUE (1 Sigma) TBE:

EZA
************************************************************************************************************************:
E11811 Sr-89 8.70E+01 pCi/L 1.31E+00 9.77E+01 pCi/L 1.63E+00 0.89
Sr-89/90 w/maf* Sr-90 1.24E+01 pCy/L 3.23E-01 1.62E+01 pCi/L 2.70E-01 0.77
Milk

* with mixed activation/fission interferences
"""""""" *********************************************************#

E11812 I-131 9.26E+01 pCi/L 8.70E+00 9.79E+01 pCi/L 1.64E+00 0.95
Gamma Ce-141 1.35E+02 pCi/L 5.78E+00 1.45E+02 pCi/L 2.42E+00 0.93
Milk Cr-51 2.58E+02 pCV/L 3.02E+01 2.90E+02 pCi/L 4.84F+00 0.89
Cs-134 1.04E+02 pCi/L 3.01E+00 1.20E+02 pCi/L 2.00E+00 0.87
Cs-137 1.42E+02 pCvL 4.52E+00 1.40E+02 pCi/L 2.34E+00 1.02
Co-58 1.53E+02 pCi/L 5.43E+00 1.50E+02 pCi/L 2.50E+00 1.02
Mn-54 1.73E+02 pCi/L 4.92E+00 1.64E+02 pCV/L 2.74E+00 1.05
Fe-59 1.35E+02 pCi/L 6.88E+00 1.29E+02 pCv/L 2.15E+00 1.05
Zn-65 2.08E+02 pCi/L 9.53E+00 1.99E+02 pCi/L 3.33E+00 1.04
Co-60 1.82E+02 pCi/L 3.53E+00 1.83E+02 pCi/L 3.05E+00 1.00
K-40 1.27E+03 pCi/L 4.90E+01 Present - Not Measured -—
************************************************************************************************************************
E11813 I-131 9.20E+01 pCi 2.06E+00 9.39E+01 pCi 1.57E+00 0.98
1-131
Cartridge
***********************************************************************************************************************#
E11814 Ce-141 9.99E+01 pCi 6.50E+00 1.01E+02 pCi 1.68E+00 0.99
Gamma Cr-51 2.11E+02 pCi 3.94E+01 2.01E+02 pCi 3.36E+00 1.05
Filter Cs-134 8.21E+01 pCi 3.64E+00 8.32E+01 pCi 1.39E+00 0.99
Cs-137 9.28E+01 pCi 5.95E+00 9.70E+01 pCi 1.62E+00 0.96
Co-58 9.54E+01 pCi 7.45E+00 1.04E+02 pCi 1.73E+00 0.92
Mn-54 1.06E+02 pCi 6.05E+00 1.14E+02 pCi 1.90E+00 0.93
Fe-59 1.07E+02 pCi 9.10E+00 8.93E+01 pCi 1.49E+00 1.20
Zn-65 1.37E+02 pCi 1.17E+01 1.38E+02 pCi 2.31E+00 0.99
Co-60 1.40E+02 pCi 2.00E+00 1.27E+02 pCi 2.12E+00 1.10

***********************************************************************************************************************#

1st Quartc@,ﬁlef. Date 17-Mar-16) EZA Cust.# 396 Table Page 1 of 2
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