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FOREWORD

The purpose of the New Mexico Environmental Evaluation Group (EEG) is to conduct an
independent technical evaluation of the Waste Isolation Pilot Plant (WIPP) Project to ensure the
protection of the public health and safety and the environment. The WIPP Project, located in
southeastern New Mexico, became operational in March 1999 for the disposal of transuranic
(TRU) radioactive wastes generated by the national defense programs. The EEG was established
in 1978 with funds provided by the U. S. Department of Energy (DOE) to the State of New
Mexico. Public Law 100-456, the National Defense Authorization Act, Fiscal Year 1989,
Section 1433, assigned EEG to the New Mexico Institute of Mining and Technology and
continued the original contract DE-AC04-79A1L 10752 through DOE contract DE-ACO4-
89A1.58309. The National Defense Authorization Act for Fiscal Year 1994, Public Law 103-
160, and the National Defense Authorization Act for Fiscal Year 2000, Public Law 106-65,

continued the authorization.

EEG performs independent technical analyses of the suitability of the proposed site; the design of
the repository, its operation, and its long-term integrity; suitability and safety of the
transportation systems; suitability of the Waste Acceptance Criteria and the compliance of the
generator sites with them; and related subjects. These analyses include assessments of reports
issued by the DOE and its contractors, other federal agencies and organizations, as they relate to
the potential health, safety and environmental impacts from WIPP. Another important function

of EEG is the independent environmental monitoring of radioactivity in air, water, and soil, both
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on-site and off-site.
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EXECUTIVE SUMMARY

The Environmental Evaluation Group (EEG) has measured the levels of **'Am, 2!Pu, 2%*Py,
B7Cs, and *°Sr in samples of air and water collected at and in the vicinity of the U. S. Department
of Energy’s Waste Isolation Pilot Plant (WIPP) during 1999. WIPP received the first shipment
of waste in March 1999, and is now operational. The EEG has compared these levels to those |
measured in the preoperational phase, prior to receipt of waste, as well as to the results of other
monitoring organizations and to the U. S. Environmental Protection Agency (EPA) dose
standards established for WIPP at 40 CFR 191, Subpart A, and, by agreement, at 40 CFR 61,
Subpart H.

Based on these analyses and applying a test for significant differences described in Chapter 4 of

Taylor (1987), the EEG concludes that

a) levels of the measured radionuclides in the environment around WIPP during 1999 are
not different from the preoperational baseline levels,

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

¢) no measurable radiation dose to the public resulted from WIPP operations during 1999,

relative to the estimated preoperational baseline dose.
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1.0 INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) is an underground repository near Carlsbad in southeast
New Mexico, owned and operated by the U. S. Department of Energy (DOE) for the purpose of
safely disposing of waste materials generated by the nation’s nuclear weapons production
programs. These waste materials are contaminated with varying levels of transuranic
radionuclides, principally isotopes of plutonium and americium. Since 1978, the Environmental
Evaluation Group (EEG) has been responsible for independent technical oversight of the DOE’s
activities at WIPP. Since 1985, this responsibility has included on-site and off-site monitoring of
transuranic radionuclides and fission products in air, soil, and water. Prior to the opening of
WIPP, the purpose of these monitoring efforts was to establish a baseline for comparison with
future measurements. The EEG’s program for conducting radiation surveillance of the WIPP
project has been fully described in Kenney et al. (1990), Kenney and Ballard (1990), Kenney
(1991), Kenney (1992), Kenney (1994), Kenney et al. (1998), and Kenney et al. (1999). The
radionuclides measured by the EEG in this program account for more than 98% of the potential
public radiation dose from WIPP operations (DOE 1996).

The first shipment of waste arrived at WIPP in late March 1999 and EEG published its final
preoperational report in October 1999, covering results of the surveillance program for 1996
through 1998 (Kenney et al. 1999). The present report is the EEG’s first operational monitoring
report and contains results obtained from sample collections and other activities since the

beginning of WIPP’s operational phase. This report also makes the following comparisons:

1. Compares EEG operational results to the preoperational baseline measured by EEG and

reported in the above-referenced preoperational reports,

2. Compares EEG operational results to the results of other organizations engaged in
environmental monitoring at and around the WIPP site, where direct comparisons can be

made, and



3. Compares EEG operational results to the U.S. Environmental Protection Agency’s (EPA)
standards governing the operation of WIPP; namely, 40 CFR 191, Subpart A and 40 CFR 61
Subpart H, adopted by agreement between DOE and EPA.

The procedures established for the preoperational phase and the overall goals of the program are

unchanged, unless noted herein.

2.0 PREOPERATIONAL BASELINE

A summary of the concentrations of 2! Am, 2*Pu, 2Py, and *’Cs measured by EEG in air and
water at and in the vicinity of the WIPP site for the six-year period prior to storage of waste
appears in Table 1. The data in Table 1 are the means and standard deviations of the results
found in the appendices of Kenney et al. (1998) and Kenney et al. (1999). The uncertainties in
Table 1 represent the 20, or approximately 95%, confidence level of the means. The units are
nano-Becquerels (10 Becquerels)-per-cubic-meter (nBq/m’) for air and milli-Becquerels (107
Becquerels)-per-liter (mBg/L) for water. The number of measurements in each data set are given
in parentheses. For water samples, if the calculated results were less than 0.1 mBq/L, the results
were rounded to zero. Of 730 measurements, 18 were found to be statistical outliers by the

Grubbs test (Taylor 1987), and were not included.

Table 1. Mean EEG Preoperational Baseline

Drinking Surface Ground
Radionuclide Effluent Air  Ambient Air Water Water Water
(nBg/m®) (nBg/m?) (mBg/L) (mBg/L) (mBg/L)
*1Am 25+ 172 23+ 89 -0.1£1.3 0+1.8 03+24
(n=18) (n=178) n=17) (n=30) (n=32)
239/240pyy 25+ 195 23+ 56 0£0.7 -0.1£0.7 0.1+14
(n=20) (n=88) (n=17) (n=34) (n=36)
28py 36 215 6+ 62 0.1+0.8 0£1.0 0.1+1.5
(n=19) (n=90) (n=18) (n=31) (n=34)
BCs 730 + 7800 60 + 2460 20 + 45 22 +£130 30+ 110
(n=23) (n=104) (n=25) (n=28) (n=10)




2.1 Strontium-90 Measurements

Analytical procedures for the measurement of *°Sr were developed and tested shortly before
WIPP began operations, and *Sr results do not appear in the preoperational baseline table.
However, at the present time, no *°Sr is present in the WIPP stored inventory (WWIS 2000), nor
is it expected to be present in WIPP waste until WIPP begins to accept remote-handled (RH)
waste in 2002. Therefore, for the purpose of comparison with future measurements, *°Sr
measurements made in 1999 and 2000 will be used to establish the **Sr baseline, unless *°Sr is

found to be present in received waste at an earlier time.

3.0 OPERATIONAL MONITORING RESULTS

The results of air effluent and environmental monitoring during the operational phase are
summarized in Table 2. The values in Table 2 are the means and 20, standard deviations of the
means for the operational phase data in Appendices A and B of this report. The Table 2 values
for effluent air at Station A do not include the first quarter of 1999 because the sample volume
collected at Station A in the first quarter did not meet the environmental monitoring program’s
data quality objective (DQO) which requires that the volume be at least 50% of a nominal value
for the sampling system. For nominal collection of a quarterly composite sample at Station A,
the DQO is 3700 m®. As shown in Tables Al and A2 of Appendix A, the sample volume was
1746 m’ for the first quarter, primarily because of sampling problems caused by the presence of

water droplets in the exhaust airstream. This problem is further discussed in Section 5.0.



Table 2. Results of Specific Radionuclide Monitoring in the Operational Phase

Effluent Air
Station A Ambient Drinking Surface Ground
Radionuclide Station B Air Water Water Water
(nBg/m?) (nBg/m”) (mBq/L) (mBg/L) (mBg/L)
M Am 43 £ 156 6.6 £ 46 021+0.10 0.10+£1.62 0.05+1.74
-60 £+ 80
2391240py 18+ 92 13+17 022 +£0.37 0.17 £ 0.34 0.47 +£0.88
20+ 35
B8py 45+ 17 -3+27 -0.31+£0.18 -0.16+0.31 0.13+1.46
25+ 13
B7Cs NA 110 £ 1650 40 + 90 21+ 87 -36 + 98
NA
Sr 2300 £+ 6900 930+ 1760 -1.1+£12.0 58+31.3 12.5+31.3
570 £ 2450

One of the measurements reported in Table B2 of Appendix B - *’Cs in Otis drinking water -
exceeded the action level defined by Corley et al. (1981) and adopted by EEG in the
preoperational reports for comparison of individual measurements to the baseline. The action
level approximately represents the upper 95% confidence limit of the mean of the baseline
measurements and serves to identify sample results requiring investigation. The determination
of P’Cs is an instrumental measurement, subject to interferences from any natural or man-made
radionuclide emitting gamma-rays at energies higher than the 662-keV gamma-ray emitted in the
decay of *"™Ba, the short-lived daughter of '*’Cs. No specific factor has been identified as a
cause of the elevated *’Cs in Otis drinking water, but, as Figure B6 shows, the level is only
slightly higher than that of Carlsbad drinking water, which does not exceed the action level. As
indicated in Table 3, it does not represent a significant public health concern and, since no *’Cs
has been included in the WIPP stored inventory (WWIS 2000), it cannot have resulted from
WIPP operations.

Appendix C contains the results of the matrix blanks analyzed with the samples from the 1999

sample collection period. All sample measurements in this report were blank-corrected, meaning



the average result of the blank analyses from Table C1 was subtracted from the corresponding

sample result.

3.1 TLD Data

In 1998 and 1999 EEG deployed environmental thermoluminescent dosimeters (TLDs) at
selected points along the WIPP exclusive use boundary for the purpose of providing a direct
assessment of WIPP’s compliance with the 40 CFR 191 Subpart A dose standard (Kenney et al.
1999). Average external dose measurements as determined by TLDs during 1999 are reported in
Appendix D. The average quarterly dose during 1999 was 18.9 mrem/quarter + 7.1 mrem/
quarter (20) and the calculated annual dose averaged 75.6 mrem/year + 14.2 mrem/year (20).
The calculated quarterly lower limit of detection was 11.8 mrem/quarter (Rodgers 1998). An
event yielding a single quarterly dose of 25 mrem would be easily detected. However, chronic
exposures near 6.25 mrem/quarter (25 mrem/year) would be below the sensitivity of the TLD

measurement system.

4.0 DISCUSSION OF RESULTS

4.1 Comparison to the EEG Preoperational Baseline

Tables 1 and 2 are summarized and compared graphically in Figures 1 through 8 on the following
pages. The bars in Figures 1 through 8 represent the upper and lower 95% limits and the
horizontal dash inside each bar is the mean value. In Figure 8, °°Sr concentrations in air should
be read from the left-hand Y scale, and those in water should be read from the right-hand Y scale.
The gamma spectrometer was being repaired during the time Station A and B samples were
being analyzed, therefore results for *’Cs in effluent air samples were not obtained. A negative
bias exists in the measurement of ***Pu in drinking water and, to a lesser extent, in surface water

for this data set. Other water samples run immediately after these did not show a negative bias.



The source of this bias has not been identified, but, as shown in Figures 3 and 4, the 1999

distributions lie wholly within the baseline distribution.

Using the methods in Chapter 4 of Taylor (1987), one of the measurements in Table 2 - 2***Py
in surface water - was found to differ from the preoperational baseline. Inspection of the 2*?*°Pu
results in Table B3 revealed that the highest value, and the one with the greatest difference from
the baseline mean, was the result for Laguna Grande. Laguna Grande is a highly concentrated
brine and only a small volume (typically 100 to 150 milliliters) can be taken for analysis by
EEG’s standard procedure. Normalization for the small volume magnifies small errors or biases
which may be present in the result. If the Taylor method is applied to the surface water results,

absent the Laguna Grande value, the results do not differ significantly from the baseline.

4.2 Comparison to the Operational Results from Other Organizations

Radiological surveillance monitoring of WIPP is also being conducted by the Westinghouse
Waste Isolation Division (WID) and the Carlsbad Environmental Monitoring and Research
Center (CEMRC). Where direct comparisons are possible, it is useful to compare monitoring
data among the three organizations. Operational data from the WID monitoring program were
unavailable at the time of the preparation of this report. On its Internet web site, the CEMRC has
published measurements of ***Pu in Station A (effluent air) samples for the second, third, and
fourth quarters of 1999. The mean and 20, standard deviation of these measurements is -9 + 62
nBg/m’. Using methods in Chapter 4 of Taylor (1987), this is not statistically different from the
EEG value for Station A in Table 2 of 45 + 17 nBg/m®.

At present, no other direct comparisons can be made.



4.3 Comparison to the EPA Standard

The dose standards applied by the U. S. Environmental Protection Agency to WIPP operations
are found in 40 CFR 191 Subpart A and, following a memorandum of understanding (MOU)
between DOE and EPA (EPA&DOE 1995), 40 CFR Part 61, the National Emission Standards
for Hazardous Air Pollutants, or NESHAPS. Respectively, these are annual committed-
effective-dose-equivalents to the highest-risk individual of 25 mrem and 10 mrem. The
NESHAPS standard applies to effluent airborne releases only. Comparisons to EPA standards in
this and future operational reports will be relative to NESHAPS for airborne facility effluent

measurements, and 40 CFR 191 Subpart A for all other measurements.

Comparisons of concentration measurements to a dose standard require appropriate conversions.
In the preoperational reports, EEG applied the methods found in NCRP 123 (NCRP 1996) to
measurements of facility effluent air, sampled at Station A (Kenney et al. 1999) and reported that
its analytical methodology provided sufficient sensitivity to detect releases which could
potentially result in doses to the highest-risk individual of a few percent of the standard. In its
guidance for the application of 40 CFR 191, Subpart A (EPA 1997), EPA recommends the use of
CAPS88PC (Parks 1992) for estimating doses both to populations and to the individual at highest
risk, based on effluent measurements made at a point of release, and the EEG will follow the

EPA’s recommendation for this and future reports.

For measurements made at a receptor location, such as for ambient air or water samples versus a
point-of-release location, a simpler dose-conversion factor can be used. These measurements
satisfy EPA’s expectation, stated in its guidance, that other media would be monitored to verify
the air release scenario as the only credible one. For these measurements, the EEG used the
dose-conversion factors in Federal Guidance Report No. 11 (Eckerman 1988) and assumed
intakes of 730 liters/year of water and 8400 m’*/year of air, based on the International

Commission on Radiological Protection Report (ICRP) No. 23 “reference man” (ICRP 1975).



The dose estimates obtained from these conversions were then expressed as a percentage of the

appropriate standard and the results appear in Table 3, with the total of the individual isotopic

dose contributions in the next-to-last row. If operational measurements were unavailable, as in

the case of the missing *’Cs values for effluent air, the baseline values were substituted.

Table 3. Comparison of Measured Concentrations to the Standards

Applicable = NESHAPS 40 CFR 191 40 CFR 191 40 CFR 191 40 CFR 191
Standard— (10 mrem) (25 mrem) (25 mrem) (25 mrem) (25 mrem)
Effluent Air
Station A Ambient Drinking Surface Ground
Radionuclide  Station B Air Water Water Water
#1Am <0.01% <0.01% (0.06+0.03)%  (0.03+0.46)%  (0.01+0.50)%
<0.01%
239240py <0.01% <0.01% (0.06+£0.10)%  (0.05+£0.10)%  (0.13+0.25)%
<0.01%
2%py <0.01% <0.01% (-0.08+0.04)%  (-0.04+0.08)%  (0.03+0.37)%
<0.01%
BICs <0.01% <0.01% (0.16+0.36)%  (0.08+0.34)%  (-0.14+0.39)%
(Baseline)
*Sr <0.01% <0.01% (-0.01+0.149)%  (0.06£0.35)%  (0.14+0.35)%
<0.01%
Total <0.01% <0.01% (0.19+0.40)%  (0.18+0.69)%  (0.18+0.85)%
<0.01%
Baseline
Total <0.01% (0.02+£0.10)%  (0.08+0.50)%  (0.06+0.80)%  (0.02+0.98)%

For a further comparison with the baseline, the preoperational measurements were converted to

doses in the same way and totaled. The results appear in the last row of Table 3. Again, using

the methods in Chapter 4 of Taylor (1987), the total calculated doses from measurements during

WIPP operations in 1999 are not different from the corresponding baseline doses. For this

comparison, the *°Sr dose estimate was subtracted from the operational total, since the baseline

total does not include *°Sr.



5.0 PROBLEM OF WATER IN THE EXHAUST SHAFT

Since 1995, video inspections of the WIPP air exhaust shaft have shown water seeping into the
shaft through cracks in the concrete liner. Water droplets are entrained in the exhaust airflow,
enter the Station A sampling line, and wet the sampling filters. A detailed description of the
problem of water leakage in the exhaust shaft was provided in EEG-73 (Kenney et al. 1999). A
brief account of the status of resolving this issue at the time of publication of this report is given
here. As described in Section 2.5 of the Kenney report, the source of water seeping in the shaft
appears to be the groundwater which has saturated the sandstones and the mudstones of the lower
Santa Rosa and upper Dewey Lake Redbeds Formations at a depth approximately 15 meters

below the ground surface in a large area in the central part of the WIPP site.

Since 1995, the EEG has observed that salt and moisture in the exhaust shaft intermittently
causes the loss of airflow through the sampling filter at Station A. Reduced airflow adversely
affects sample collection efficiency (Chavez et al. 1997) and necessitates frequent filter changes.
The DOE is considering various remedies to minimize water in-leakage in the exhaust shaft.
Proposals include grouting the shaft, de-watering the “perched” aquifer in the area of the shaft by
pumping, or mitigating water infiltration from the surface by lining the evaporation ponds or
diverting the water off-site. The DOE is conducting a feasibility study. Meanwhile, the DOE has
designed an alternative air sampling location, designated as Station D, at the bottom of the
exhaust shaft. Preliminary testing of Station D began in August 2000. Once the air sampler is

operational, EEG anticipates a period of comparison between Stations A and D.

6.0 CONCLUSIONS

The results of EEG’s radiation surveillance of the WIPP project during 1999 show that
operations at the site during 1999 did not result in detectable releases of radionuclides to the
environment. Where direct comparisons can be made, the EEG results are similar to the results

of other organizations engaged in radiation surveillance at WIPP. The sensitivity of EEG’s



methods is such that releases from the air exhaust shaft, resulting in a dose to the highest-risk
individual of less than 0.01% of the standard, would have been detected. However, the validity
of this conclusion is strongly dependent on samples collected from the effluent airstream being
representative of the amount actually released. As discussed in Kenney et al. 1999, and in the
previous section of this report, the inflow of water to the exhaust shaft limits EEG’s ability to

consistently collect a representative sample at Station A.

Finally, an evaluation of the results of environmental sampling at various locations around the
site relative to the applicable EPA radiation dose standards shows that the estimated dose to an
individual residing year-round at a sampled location during 1999 is not different from the
baseline dose before WIPP became operational. From this, the EEG concludes that WIPP

operations during 1999 did not result in measurable doses to the public.

10
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Figure 1. Baseline and 1999 Effluent Air Concentrations of **' Am,
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Figure 2. Baseline and 1999 Ambient Air Concentrations of **'Am,
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Baseline and Operational Concentrations
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Figure 3. Baseline and 1999 Concentrations of *' Am, #** Py,
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Figure 4. Baseline and 1999 Concentrations of > Am, %7?* Py,
and **Pu in Surface Water
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Figure 5. Baseline and 1999 Concentrations of **'Am, %??py,
and ***Pu in Groundwater

Baseline and Operational Concentrations
Cs-137

10000
5000

(3]
E ——
E %
o

-5000

-10000 ] l

Effluent Air Ambient Air

D Baseline Operational

Figure 6. Baseline and 1999 Concentrations of '*’Cs in Effluent
Air and Ambient Air
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Figure 7. Baseline and 1999 Concentrations of '*’Cs in Drinking
Water, Surface Water and Groundwater
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Figure 8. 1999 Concentrations of *’Sr in Air and Water
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Table Al. "' Am, %?**Pu, and ***Pu Concentrations in Station A Samples During 1999

241 Am 239/240Pu 238Pu
SAMPLE SAMPLE CALCULATED 2 SIGMA CALCULATED 2 SIGMA CALCULATED 2 SIGMA
DATE VOLUME CONC. +/- TPU CONC. +/- TPU CONC. +/- TPU
(m°) (Bg/m®) (Ba/m®) (Ba/m®) (Bg/m?®) (Bg/m?) (Bg/m®)
1ST 1999 1746* 1.01e-06 7.78e-07 4.01e-07 7.30e-07  2.59e-07 2.92e-07
2ND 1999 6386 -4.13e-08 2.57e-07 7.07e-08 1.95e-07 4.22e-08 7.10e-08
3RD 1999 7306 5.75e-08 2.15e-07 -7.28e-09 1.64e-07 3.76e-08 5.97e-08
4TH 1999 5123 1.13e-07 3.37e-07 -9.51e-09 2.35e-07 _ 5.42e-08 8.83e-08
Average 20, Average 20, Average 20,

4.31e-08 1.56e-07 1.80e-08 9.14e-08  4.47e-08 1.71e-08

* does not meet minimum sample size of ~3700 m’

Station A
500
400 — ——
300

L.
N\

N

N\
%%
|
|
NN\

-100
-200
-300 — T I T
2nd Qtr 3rd Qtr 4th Qtr
[ ] Am-241 Pu-239/240 Pu-238

Figure Al. *' Am, 7Py, and ***Pu Concentrations in Station A
Samples During 1999
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Table A2. *°Sr Concentrations in Station A Samples During 1999

QOSr
SAMPLE SAMPLE CALCULATED 2 SIGMA
DATE VOLUME CONC. +/- TPU
(m®) (Bg/m®) (Bg/Comp)

1ST 1999 1746* -2.58e-06 1.93e-05
2ND 1999 6386 4.38e-07 3.77e-06
3RD 1999 7306 1.83e-07 3.21e-06
4TH 1999 5123 6.25e-06 4.94e-06

Average 20,
2.29e-06 6.86e-06

* does not meet the minimum sample volume of ~3700 m’

Station A

12000
10000
8000
6000 J'
4000 —
2000 —

1]

nBg/mA3

-2000

-4000 T T T
2nd Qtr 3rd Qtr 4th Qtr

I]]] Sr-90

Figure A2. *°Sr Concentrations in Station A Samples
During 1999
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Table A3. * Am, %**"Pu, and »**Pu Concentrations in Station B Samples During 1999

241pm 2391240p 238p
SAMPLE SAMPLE CALCULATED 2 SIGMA CALCULATED 2 SIGMA CALCULATED 2 SIGMA
DATE VOLUME CONC. +-TPU CONC. +-TPU CONC. +/- TPU

(m®) (Bgm®)  (Bgm®) (Bg/m?) (Ba/m?®) (Bg/m?) (Bg/m®)

1ST 1999 6707 -9.65e-08 1.79e-07  2.33e-09 1.80e-07 1.77e-08 5.76e-08
2ND 1999 6978 -8.46e-09 2.28e-07 3.75e-08 1.77e-07 2.26e-08 6.03e-08
3RD 1999 6732 -8.62¢-08 1.08e-07  7.52e-09 1.79e-07 2.64e-08 5.81e-08
4TH 1999 6873 -4.90e-08 1.08e-07 _ 3.15e-08 1.78e-07 3.32e-08 6.09e-08

Average 20, Average 20, Average 20,
-6.00e-08 8.00e-08  1.97e-08 3.48e-08 2.50e-08 1.31e-08

Station B

300

200 ———
- Is s
< |
N N NN
2 -100 - % - % %

7 7, ]
-200 L -
L
-300 — i i |
1st Qtr 2nd Qtr 3rd Qtr 4th Qtr
[] Am-241 Pu-239/240 NN Pu-238

Figure A3. **Am, Py, and ***Pu Concentrations in Station B Samples During
1999
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Table A4. *’Sr Concentrations in Station B Samples During 1999

QOSr
SAMPLE SAMPLE CALCULATED 2 SIGMA
DATE VOLUME CONC. +/- TPU
(m®) (Bg/m®) (Bg/m3)
1ST 1999 6707 1.03e-06 3.51e-06
2ND 1999 6978 6.31e-07 3.47e-06
3RD 1999 6732 1.74e-06 3.99e-06
4TH 1999 6873 -1.14e-06 3.24e-06
Mean 20,
5.65e-07 2.45e-06
Station B
6000
4000 —‘— 1010 D
o 2000 I - | il
§ o D P o
< 2000 —
-4000 —
-6000 f I I T
1stQtr 2nd Qtr 3rd Qtr  4th Qtr
Il sr-90
Figure A4. *°Sr Concentrations in Station B Samples
During 1999
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Table A5. **’ Am Concentrations in LVAS Samples During 1999

LVAS QUARTER SAMPLE AIR CONC. 2 SIGMA
SAMPLE SAMPLE VOLUME Am TPU
LOCATION COLLECTED (m3) (Bg/m®) (Bg/m?3)
ARTESIA 18T 1999 26943 2.81e-08 7.04e-08
CARLSBAD 1ST 1999 29903 8.29e-08 6.95e-08
LOVING 18T 1999 27386 1.85e-08 7.26e-08
WIPP 1 18T 1999 26975 2.22e-10 7.02e-08
WIPP 2 1ST 1999 27367 -7.31e-11 6.91e-08
WIPP 3 1ST 1999 28146 7.39e-09 6.63e-08
ARTESIA 2ND 1999 27494 3.30e-08 7.22e-08
CARLSBAD 2ND 1999 29840 2.54e-08 7.04e-08
LOVING 2ND 1999 29295 NA NA
WIPP 1 2ND 1999 28947 2.11e-09 6.52e-08
WIPP 2 2ND 1999 25717 NA NA
WIPP 3 2ND 1999 28094 1.06e-08 6.79e-08
ARTESIA 3RD 1999 27375 -1.69e-08 6.67e-08
CARLSBAD 3RD 1999 29661 -1.40e-08 6.19e-08
LOVING 3RD 1999 26760 -5.61e-10 7.01e-08
WIPP 1 3RD 1999 29008 -1.04e-08 6.65e-08
WIPP 2 3RD 1999 27370 -1.26e-08 6.63e-08
WIPP 3 3RD 1999 26754 1.57e-09 7.08e-08
ARTESIA 4TH 1999 28486 -2.11e-08 6.22e-08
CARLSBAD 4TH 1999 32200 -3.35e-09 5.78e-08
LOVING 4TH 1999 30759 1.26e-08 6.20e-08
WIPP 1 4TH 1999 31875 -4.39e-10 5.88e-08
WIPP 2 4TH 1999 30073 NA NA
WIPP 3 4TH 1999 29961 -4.17e-09 6.29e-08
Mean 20,
6.61e-09 4.56e-08
Ambient Air
Am-241
200
150
o 100
£ w7 _ _—
e o+—— - —
-50 — —
-100 l | T T I
1stQtr 2nd Qrt 3rd Qrt 4th Qrt
[ ] Aresia [/} carsbad Loving
8 wirp1 = wirp2 M wrrps

Figure A5. **'Am Concentrations in LVAS Samples During 1999
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Table A6. 7°* Py Concentrations in LVAS Samples During 1999

LVAS QUARTER SAMPLE AIR CONC. 2 SIGMA
SAMPLE SAMPLE VOLUME 239240py TPU
LOCATION COLLECTED (m*) (Ba/m?®) _(Bg/m®)
ARTESIA 1ST 1999 26943 2.23e-08 2.20e-08
CARLSBAD 1ST 1999 29903 1.18e-08 1.61e-08
LOVING 1ST 1999 27386 1.06e-08 1.87e-08
WIPP 1 1ST 1999 26975 1.54e-08 1.89e-08
WIPP 2 1ST 1999 27367 1.50e-08 1.86e-08
WIPP 3 1ST 1999 28146 1.57e-08 1.77e-08
ARTESIA 2ND 1999 27494 2.46e-08 2.02e-08
CARLSBAD 2ND 1999 29840 3.21e-08 2.04e-08
LOVING 2ND 1999 29295 NA NA
WIPP 1 2ND 1999 28947 2.07e-08 1.91e-08
WIPP 2 2ND 1999 25717 NA NA
WIPP 3 2ND 1999 28094 2.38e-08 1.88e-08
ARTESIA 3RD 1999 27375 5.70e-09 1.65e-08
CARLSBAD 3RD 1999 29661 4.05e-09 1.57e-08
LOVING 3RD 1999 26760 1.30e-08 1.89e-08
WIPP 1 3RD 1999 29008 5.41e-09 1.63e-08
WIPP 2 3RD 1999 27370 7.16e-09 1.68e-08
WIPP 3 3RD 1999 26754 1.27e-09 1.53e-08
ARTESIA 4TH 1999 28486 NA NA
CARLSBAD 4TH 1999 32200 NA NA
LOVING 4TH 1999 30759 NA NA
WIPP 1 4TH 1999 31875 4.27e-09 1.52e-08
WIPP 2 4TH 1999 30073 4.02e-09 1.44e-08
WIPP 3 4TH 1999 29961 7.58e-09 1.51e-08
Mean 20,
1.29e-08 1.72e-08
Ambient Air
Pu-239/240
60
50
40 T
2 30 N
£ 2 - A
@ 10 E—
0 —
-10 ——
-20 1 | » w
1st Qtr 2nd Qtr 3rd Qtr 4th Qtr
I::| Artesia Carlsbad Loving
X wirp1 H wippP2 [l wirps

Figure A6. #*?*Pu Concentrations in LVAS Samples During 1999
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Table A7. *Pu Concentrations in LVAS Samples During 1999

LVAS QUARTER SAMPLE AIR CONC. 2 SIGMA
SAMPLE SAMPLE VOL.UME =8py TPU
LOCATION COLLECTED (m*) (Bg/m®) (Bg/m®)
ARTESIA 1ST 1999 26943 1.78e-09 4.70e-08
CARLSBAD 1ST 1999 29903 2.67e-08 4.38e-08
LOVING 18T 1999 27386 1.02e-08 4.69e-08
WIPP 1 1ST 1999 26975 -1.94e-08 4.42e-08
WIPP 2 1ST 1999 27367 -1.92e-08 4.35e-08
WIPP 3 1ST 1999 28146 1.00e-08 4.51e-08
ARTESIA 2ND 1999 27494 9.46e-09 4.57e-08
CARLSBAD 2ND 1999 29840 -1.13e-08 4.11e-08
LOVING 2ND 1999 29295 NA NA
WIPP 1 2ND 1999 28947 NA NA
WIPP 2 2ND 1999 25717 -5.44e-09 4.74e-08
WIPP 3 2ND 1999 28094 1.10e-08 4.49e-08
ARTESIA 3RD 1999 27375 1.82¢-08 4.69e-08
CARLSBAD 3RD 1999 29661 -1.26e-08 4.14e-08
LOVING 3RD 1999 26760 -1.10e-08 4.59e-08
WIPP 1 3RD 1999 29008 -1.07e-08 4.22e-08
WIPP 2 3RD 1999 27370 -1.11e-08 4.43e-08
WIPP 3 3RD 1999 26754 -3.70e-09 4.56e-08
ARTESIA 4TH 1999 28486 NA NA
CARLSBAD 4TH 1999 32200 NA NA
LOVING 4TH 1999 30759 NA NA
WIPP 1 4TH 1999 31875 -4.99e-09 3.92¢-08
WIPP 2 4TH 1999 30073 -1.08e-08 4.01e-08
WIPP 3 4TH 1999 29961 -1.57¢e-08 4.00e-08
Mean 20,
-2.56e-09 2.65e-08
Ambient Air
Pu-238
80
60 v — —
40 =
® 20— —— _? E
?E:r L ﬁ =
220 V=
-40 4 ;
-60
-80 — I T I '
1st Qtr 2nd Qtr 3rd Qtr 4th Qtr

[ 1 Atesia Carlsbad Loving K wipp = wipp2 1l wipp3

Figure A7. ***Pu Concentrations in LVAS Samples During 1999
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Table A8. '¥’Cs Concentrations in LVAS Samples During 1999

LVAS QUARTER SAMPLE AIR CONC. 2 SIGMA
SAMPLE SAMPLE VOLUME. 19Cs TPU
LOCATION COLLECTED (m?) (Ba/m®) (Bg/m?)
ARTESIA 1ST 1999 26943 -1.71e-06 2.25e-06
CARLSBAD 1ST 1999 29903 1.24e-06 2.07e-06
LOVING 1ST 1999 27386 1.21e-07 2.20e-06
WIPP 1 1ST 1999 26975 -3.49e-07 2.23e-06
WIPP 2 1ST 1999 27367 1.52e-07 2.27e-06
WIPP 3 1ST 1999 28146 -5.27e-07 2.20e-06
ARTESIA 2ND 1999 27494 1.45e-06 2.21e-06
CARLSBAD 2ND 1999 29840 2.08e-07 2.08e-06
LOVING 2ND 1999 29295 NA NA
WIPP 1 2ND 1999 28947 -4.33e-07 2.18e-06
WIPP 2 2ND 1999 25717 9.25e-07 2.41e-06
WIPP 3 2ND 1999 28094 1.33e-06 2.21e-06
ARTESIA 3RD 1999 27375 9.42e-08 2.25e-06
CARLSBAD 3RD 1999 29661 -5.37e-07 2.02e-06
LOVING 3RD 1999 26760 -3.11e-07 2.24e-06
WIPP 1 3RD 1999 29008 -2.41e-07 2.15e-06
WIPP 2 3RD 1999 27370 3.47e-07 2.21e-06
WIPP 3 3RD 1999 26754 NA NA
ARTESIA 4TH 1999 28486 NA NA
CARLSBAD 4TH 1999 32200 NA NA
LOVING 4TH 1999 30759 NA NA
WIPP 1 4TH 1999 31875 NA NA
WIPP 2 4TH 1999 30073 NA NA
WIPP 3 4TH 1999 29961 NA NA
Mean 20,
1.10e-07 1.65e-06
Ambient Air
Cs-137
4000
3000 =
2000 o 1 —
£ 1000 = I = —
£ o - =
@ 1000 _ = —
-2000 e
-3000
-4000 | I I
1st Qtr 2nd Qtr 3rd Qtr
| ] Artesia Carlsbad Loving
K wipp1 = weez  []] wiees

Figure A8. "’Cs Concentrations in LVAS Samples During 1999
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Table A9. *°Sr Concentrations in LVAS Samples During 1999

LVAS QUARTER SAMPLE AIR CONC. 2 SIGMA
SAMPLE SAMPLE VOLUME sogr TPU
LOCATION COLLECTED (m®) ~ (Bg/m®) (Bg/m3)
ARTESIA 1ST 1999 26943 1.23e-06 1.20e-06
CARLSBAD 18T 1999 29903 1.76e-06 1.12e-06
LOVING 1ST 1999 27386 3.10e-06 1.29e-06
WIPP 1 1ST 1999 26975 1.52e-07 6.93e-07
WIPP 2 1ST 1999 27367 2.35e-06 8.85e-07
WIPP 3 18T 1999 28146 2.63e-06 8.95e-07
ARTESIA 2ND 1999 27494 4.00e-08 6.18e-07
CARLSBAD 2ND 1999 29840 9.72e-08 5.82e-07

LOVING 2ND 1999 29295 NA NA
WIPP 1 2ND 1999 28947 4.56e-07 6.85e-07
WIPP 2 2ND 1999 25717 5.83e-07 7.13e-07
WIPP 3 2ND 1999 28094 6.76e-07 7.94e-07
ARTESIA 3RD 1999 27375 -5.11e-09 5.32e-07
CARLSBAD 3RD 1999 29661 6.27e-07 5.15e-07
LOVING 3RD 1999 26760 1.33e-07 5.98e-07
WIPP 1 3RD 1999 29008 1.78e-06 7.69e-07
WIPP 2 3RD 1999 27370 4.42e-07 7.23e-07
WIPP 3 3RD 1999 26754 2.77e-07 6.67e-07
ARTESIA 4TH 1999 28486 6.71e-07 7.56e-07
CARLSBAD 4TH 1999 32200 4.01e-07 6.02e-07
LOVING 4TH 1999 30759 1.69e-06 9.14e-07
WIPP 1 4TH 1999 31875 6.78e-07 7.30e-07
WIPP 2 4TH 1999 30073 6.09e-07 6.33e-07
WIPP 3 4TH 1999 29961 1.02e-06 7.19e-07

Mean 20,
9.30e-07 1.76e-06

Ambient Air

Sr-90

[ ] Aesia

1st Qtr

Carlsbad

Loving

B wipp1

3rd Qtr

E wipP2

4th Qtr

T wirp3

Figure A9. *°Sr Concentrations in LVAS Samples During 1999
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APPENDIX B. WATER SAMPLE DATA
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Table Bl. **'Am, %°**Pu, and ***Pu Concentrations in Groundwater During 1999

21Am TPU 239240py TPU 28py TPU
SAMPLE WATERWELL ACTIVITY 2SIGMA ACTIVITY 2SIGMA ACTIVITY 2SIGMA
DATE _ IDENTIFICATION  (Bg/l) (Bg) (Bg)) ___ (Bal) (Bg/) (Ba/)
04/08/99 WQSP-3 143e-03 3.10e-03 1.09e-03 1.36e-03 -1.65e-04 1.19e-03
04/21/99 WQSP-4 -1.13e-03  247e-03 1.04e-03 6.16e-04 -2.64e-04 6.24e-04
05/05/99 WQSP-5 -3.84e-04 227e-03 6.55e-05 4.60e-04 NA NA
05/26/99 WQSP-6A -5.01e-04 2.25e-03 4.50e-04 6.16e-04 -2.64e-04 6.24e-04
05/19/99 WQSP-6 9.30e-05 2.36e-03 4.36e-04 547e-04 1.23e-03 8.47e-04
09/01/99 WQSP-1 -6.80e-05 2.35e-03 242e-04 5.66e-04 NA NA
09/15/99 WQSP-2 9.14e-04  3.64e-03 -1.52e-05  4.72e-04 NA NA
Mean 20, Mean 20, Mean 20,
5.06e-05  1.74e-03  4.73e-04  8.80e-04  1.34e-04  1.46e-03
Groundwater
6
I I
Pu-239/240 Pu-238
|| wasp3 WQsP-4 RS wasp-6A

= wasps  [[] wasp-1

WQsP-5

wQsPp-2

Figure Bl. *"'Am, °**Pu, and **Pu Concentrations in Groundwater During 1999
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Table B2. *’Cs and *°Sr Concentrations in Groundwater During 1999

¥Cs TPU S0gr TPU
SAMPLE ~ WATER WELL ACTIVITY 2 SIGMA ACTIVITY 2 SIGMA
DATE IDENTIFICATION (Ba/l) (Bag/l) (Ba/l) (Bg/l)
04/08/99 WQSP-3 -2.71e-02 1.82e-01 2.38e-02 2.84e-02
04/21/99 WQSP-4 4.28e-02 1.84e-01 1.02e-02 2.55e-02
05/05/99 WQSP-5 4.26e-02 1.77e-01 6.00e-03 3.39e-02
05/26/99 WQSP-6A -1.87e-02 1.78e-01 -1.02e-02 1.03e-01
05/19/99 WQSP-6 4.33e-02 1.72e-01 3.50e-03 4.39e-02
09/01/99 WQSP-1 -8.70e-02 1.78e-01 3.87e-02 3.25e-02
09/15/99 WQSP-2 -2.10e-02 1.75e-01 1.56e-02 4.23e-02
Mean 20, Mean 20,
-3.59e-03 9.84e-02 1.25e-02 3.13e-02
Groundwater
300
200
100
d
a O -
S
-100
-200 -
-300 | |

Cs-137 Sr-90

[ ] wasp-3 wasP4 Ny wasps & wasp-6A
= wasps [[I wasp-1 ] wasp-2

Figure B2. '’Cs and *’Sr Concentrations in Groundwater During 1999
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Table B3. **'Am, %°?*Pu, and **Pu Concentrations in Surface Water During 1999

*1Am TPU 239/240py TPU 28py TPU
SAMPLE SAMPLE ACTIVITY 2SIGMA ACTIVITY 2SIGMA ACTIVITY 2 SIGMA
DATE SITE (Ba/) (+/-) (Bgh) (+-) (Ba/) (+-)
06/10/99 INDIAN TANK 5.44e-04  2.35e-03  2.62e-04 5.87e-04 -503e-04  5.84e-04
06/17/99 WIPP EFFLUENT -3.14e-04  2.27e-03 298e-04 5.38e-04 -261e-04  5.63e-04
07/09/99 PECOS @ PIERCE 9.10e-05  2.30e-03 -541e-05 4.71e-04 0.00e+00 6.57e-04
07/13/99 PECOS@CBD -1.67e-04 231e-03 2.03e-04 5.02e-04 -1.35e-04  5.79e-04
08/20/99 RED TANK 3.64e-04  2.35¢-03 2.88e-04 567e-04 -570e-05 6.58e-04
08/20/99 NOYA TANK -7.98e-04  2.24e-03 2.72e-05 4.63e-04 -1.28e-04  5.92e-04
08/20/99 HILL TANK -6.45e-04  2.30e-03 -6.06e-05 4.77e-04 -1.29e-04  6.23e-04
11/16/99 LAGUNA GRANDE 1.75e-03  4.17¢-03  3.64e-04  1.52e-03  -9.80e-05 2.01e-03
Mean 20, Mean 20, Mean 20,
1.03e-04 1.62e-03  1.66e-04  3.39e-04 -1.64e-04  3.12e-04

Surface Water

-4 ‘
Am-241

'] Indian Tank

Hill Tank

R Pecos @ Carisbad

f
Pu-239/240

/) WIPP Effluent
E  Red Tank
E Laguna Grande

I
Pu-238

Pecos @ Pierce Canyon
]l Noya Tank

Figure B3. *'4Am, #*?*Pu, and ***Pu Concentrations in Surface Water During 1999
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Table B4. '¥’Cs and *’Sr Concentrations in Surface Water During 1999

WiCs TPU %sr TPU
SAMPLE SAMPLE ACTIVITY 2 SIGMA ACTIVITY 2 SIGMA
DATE SITE (Ba/l). (+-) (Ba/l) (+/-)
06/10/99 INDIAN TANK -4.50e-02 1.73e-01 1.72e-02 8.13e-02
06/17/99 WIPP EFFLUENT 3.49e-02 1.73e-01 -2.70e-03 1.93e-02
07/09/99 PECOS @ PIERCE -3.58e-02 1.73e-01 -3.30e-03 2.10e-02
07/13/99 PECOS @ CBD 4.00e-02 1.71e-01 6.00e-04 2.49e-02
08/20/99 RED TANK 6.87e-02 1.71e-01 -6.00e-04 2.06e-02
08/20/99 NOYA TANK -1.30e-03 1.72e-01 -3.00e-04 1.95e-02
08/20/99 HILL TANK 4.57e-02 1.73e-01 -5.30e-03 2.10e-02
11/16/99 LAGUNA GRANDE 6.36e-02 2.05e-01 4.05e-02 1.01e-01
Mean 20, Mean 20,
2.14e-02 8.73e-02 5.76e-03 3.13e-02

Surface Water

300
200
_ 100
g o~ _
E_100
-200
-300 I |
Cs-137 Sr-90
[ ] Indian Tank Wipp Effluent
Pecos @ Pierce Canyon & Pecos @ Carisbad
E Red Tank [[[U Noya Tank
] Hill Tank [ Laguna Grande

Figure B4. '’Cs and *°Sr Concentrations in Surface Water During 1999
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Table BS5. *'Am, %°**Pu, and ***Pu Concentrations in Drinking Water During 1999

2Am TPU Z90240p TPU Z8py TPU
SAMPLE PUBLIC WATER ACTIVITY 2SIGMA ACTIVITY 2SIGMA ACTIVITY 2SIGMA
DATE SUPPLY SYSTEM __ (Bg/l) (+/-) (Ba/) (+/-) (Bg/h) (+/-)
06/11/99 OTIS WSS 1.42e-04 2.32e-03 7.05e-05 4.99e-04 -4.46e-04 5.57e-04
06/11/99 CARLSBAD WSS 2.34e-04 2.31e-03 4.72e-04 571e-04 -259e-04 5.57e-04
07/09/99 LOVING WSS  2.54e-04 2.35e-03 9.65e-05 4.84e-04 -2.61e-04 5.63e-04
07/15/99 WIPP WSS 2.24e-04 2.33e-03 _2.31e-04 559e-04 -2.63e-04 6.21e-04
Mean 20, Mean 20, Mean 20,
2.14e-04 O0.85e-05 2.18e-04 3.67e-04 -3.07e-04 1.85e-04
Drinking Water
= VN
31— ] 1
Am-241 Pu-239/240 Pu-238

] ofis Carisbad

Loving

WIPP

Figure B5. *"'Am, #7?*Py, and **Pu Concentrations in Drinking Water During 1999
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Table B6. *’Cs and °°Sr Concentrations in Drinking Water During 1999

CS-137 TPU SR-90 TPU
SAMPLE PUBLIC WATER ACTIVITY 2 SIGMA ACTIVITY 2 SIGMA

DATE SUPPLY SYSTEM (Bg/l) (+/-) (Ba/l) (+/-)
06/11/99 OTIS WSS 7.87e-02* 1.75e-01 -2.10e-03 2.41e-02
06/11/99 CARLSBAD WSS 5.04e-02 1.73e-01 7.10e-03 2.40e-02
07/09/99 LOVING WSS NA NA -7.40e-03 1.89e-02
07/15/99 WIPP WSS -9.00e-03 1.73e-01 -1.90e-03 2.25e-02

Mean 20, Mean 20,
4.00e-02 8.95e-02 -1.08e-03 1.20e-02

*exceeds action level
Drinking Water

NN

o
oS
S

Cs-137 Sr-80

D Otis Carlsbad Loving WIPP

Figure B6. '*’Cs and*’Sr Concentrations in Drinking Water During 1999
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Table C1. Matrix Blank Results For the 1999 Sampling Period

Matrix Blank ID 2Am 291240py 28py 1¥7Cs “Sr
FAS (Effluent) Bg/composite  Bg/composite = Bg/composite  Bg/composite = Bg/composite
FMB-990406 9.00e-04 -4.50e-04 -4.50e-04 1.80e-02 5.50e-03
FMB-000209 NA 7.30e-04 -1.20e-04 NA 1.80e-02
FMB-000306 1.20e-03 9.10e-06 -1.80e-04 NA 2.00e-03
Mean 1.05e-03 9.64e-05 -2.50e-04 8.50e-03
20, 4.24e-04 1.19e-03 3.52e-04 1.68e-02
LVAS (Ambient) Bg/composite = Bg/composite = Bg/composite  Bg/composite = Ba/composite
LMB-990305 8.60e-04 0.00e+00 3.80e-04 -1.70e-03 8.40e-03
LMB-990907 1.70e-03 2.80e-04 1.10e-03 -3.50e-02 1.30e-02
LMB-990930 2.50e-04 5.60e-05 1.10e-04 2.20e-02 -1.00e-04
LMB-991208 4.00e-04 3.50e-04 7.40e-04 4.40e-03 -4.40e-03
LMB-000110 1.10e-03 NA NA NA -2.90e-03
Mean 8.62e-04 1.72e-04 5.83e-04 -2.58e-03 2.80e-03
20, 1.16e-03 3.39e-04 8.62e-04 4.77e-02 1.51e-02
Water Ba/L Ba/L Bqg/L Bqg/L Bqg/L
WMB-990505 5.50e-04 -1.20e-04 6.00e-05 1.60e-02 -1.00e-02
WMB-990615 6.10e-04 5.00e-04 2.30e-04 -1.40e-01 1.10e-02
WMB-990707 1.20e-03 7.50e-05 8.30e-05 -3.60e-02 -1.90e-03
WMB-990809 1.10e-03 2.00e-05 4.10e-05 -7.40e-02 1.30e-02
WMB-990813 3.10e-04 8.50e-05 1.70e-04 -6.00e-03 8.40e-03
WMB-990719 1.80e-03 -1.70e-04 2.00e-05 -1.00e-01 7.60e-03
WMB-990930 5.30e-04 7.80e-06 7.80e-04 1.80e-02 3.90e-03
WMB-991122 1.10e-04 1.50e-04 3.40e-04 -1.50e-01 1.20e-02
Mean 7.76e-04 6.85e-05 2.16e-04 -5.90e-02 5.50e-03
20,, 1.10e-03 4.08e-04 5.05e-04 1.34e-01 1.58e-02
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Table D1. Average Dose by TLD in 1999

Average 2-0 Annual 2-0
TLD Badge  Quarterly Dose Uncertainty Dose Uncertainty
Number (mrem/qtr) (mrem/qtr) (mrem/yr) (mrem/yr)
1 17.5 7.1 69.8 14 .1
2 19.8 6.7 79.0 13.5
3 18.6 7.5 74.2 15.0
4 19.8 7.3 79.0 14.5
5 19.1 6.7 76.3 13.4
6 18.4 8.0 73.5 15.9
7 19.3 5.7 77.0 11.3
8 18.3 9.1 73.0 18.1
9 19.8 6.7 79.0 13.4
11 19.2 7.4 76.6 14.8
12 18.7 6.1 74.6 12.2
13 18.7 7.3 74.7 14.6
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APPENDIX E
SAMPLE COLLECTION LOCATIONS

Detailed descriptions of the sampling locations are found in the preoperational reports, but are

summarized in this Appendix.

Fixed Air Samplers (Effluent)

Two fixed air samplers are currently operating in the WIPP air effluent stream and one is about
to come on-line. The two currently operating are Station A, located at the top of the air exhaust
shaft and sampling the unfiltered exhaust, and Station B, located downstream of the HEPA
filtration building, through which underground exhaust air can be diverted, if necessary. The

third location is called Station D and is located underground, near the base of the exhaust shaft.
Low-Volume Air Samplers (Ambient)
Three low-volume air samplers are located on or close to the site, as listed below:

1. Approximately 225 meters northwest of the exhaust shaft (WIPP1),

2. Approximately 500 meters northeast of the exhaust shaft (WIPP2), and

3. Approximately 1000 meters northwest of the exhaust shaft (WIPP3).

Three additional low-volume air samplers are located in Artesia, Carlsbad, and Loving - the three

population centers closest to the WIPP site and located on the main WIPP transportation routes.
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Groundwater

Seven wells collect groundwater samples from the water-bearing zones of the Dewey Lake
Redbed Formation , the Culebra dolomite member of the Rustler Formation, and the Capitan

Reef Formation. Their approximate locations appear in Figure E1.

: i
i |
: / 15 : 1“4
1
i WQSP#3 :
3 & :
: !
! 2 | ”
' i
' Off Limits Area
]
WQSP#4
27 28

:

§

Figure E1. Groundwater Sampling Locations
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Surface Water and Drinking Water

Surface water samples are collected at eight locations, shown in Figure E2. No water was
collected during 1999 from Red Lake. Drinking water samples are collected from the public
water supply systems at the WIPP site and the communities of Carlsbad, Loving, and Otis. Otis

does not appear in the figure. Otis is a small community on the south edge of Carlsbad.

Artesia ®

Epov COuNTY |
LEA COUNTY

NOYE TANK

. )
WIPP/JSITE Eunice
HILL oF

TANK™ E RED TANK
2 Loving £ ha ' INDIAN TANK
Laguna Grande :
Carlsbad Caverns ' de la Sal
i MalagaY
National Pork CIERCE CANYON ! @ -
) l
0 5 10 I
MILES ! e
N NEXICO LOCATION
L] 'Y . . I . .

TEXAS
. ® Surface water surveillance
location

Figure E2. Surface Water Sampling Locations

46



LIST OF EEG REPORTS
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EEG-1

EEG-2

EEG-3

EEG-4

EEG-5

EEG-6

EEG-7

EEG-8

EEG-9

EEG-10

EEG-11

EEG-12

EEG-13

EEG-14

EEG-15

EEG-16

EEG-17

LIST OF EEG REPORTS

Goad, Donna,

Literature on the Deep Dlspgsg of Radioa gnyg Wastes, June 1979
Revi mm logi terization rt. Wast Pilot Plant (WIPP

Southeastern New Mexico SAND 78-1596. Volume I and II, December 1978.

Neill, Robert H., et al., (eds.) Radiological Health Review of the Draft Environmental Impact Statement
(DOE/EIS-0026-D) Waste Isolation Pilot Plant. U.S. Department of Energy, August 1979.
Little, Marshall S., Review Comments on the Report of the Steering Committee on Waste Acceptance
Criteria for the Waste Isolation Pilot Plant, February 1980.
Channell, James K., Calculated Radiation Doses From Deposition of Material Released in Hypothetical
Transportation Accidents Involving WIPP-Related Radioactive Wastes, October 1980.
iderations for Radiologica

Hgld on ,! gm -18. 1980, April 1980.
Chaturvedi, Lokesh, WIPP Site and Vicinity Geological Field Trip. A Report of a Field Trip to the

T i ilot Project in eastern New i 16 1

October 1980.

Wofsy, Carla, The Significance of Certain Rustler Aquifer Parameters for Predicting Long-Term
Radiation Doses from WIPP, September 1980.

Spiegler, Peter, An Approach to Calculating Upper Bounds on Maximum Indjvidual Doses From the
Use of Contaminated Well Water Following a WIPP Repository Breach, September 1981.

Radjological H Review Fina iro] tal Im tatement (DOE/EIS-002 te
Isolation Pilot Plant, U. S, Department of Energy, January 1981.

Channell, James K., MMMMMMM
Drilling Intercepts the WIPP Repository and Pressurized Brine. January 1982.

Little, Marshall S., Potential Release Scenario and Radj ica eque aluation of Miperal
Resources at WIPP, May 1982

Spiegler, Peter, Analysis of the Potential Formation of a Breccia Chimney Beneath the WIPP
Repository, May, 1982.

Not published.

Bard, Stephen T., Estimated Radiation Doses Resulting if an Explor; a:LQ[y Borghglg PgnQLLaLg sa
u Brine Re ir d ist B th H n - 1

Scenario, March 1982.

on Sep_tembgg lﬁ Z, |28l February 1982

Spiegler, Peter, Hydrologic Analyses of Two Brine Encounters in the Vicinity of the Waste Isolation
Pilot Plant (W]PP) Site, December 1982.
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EEG-18

EEG-19

EEG-20

EEG-21

EEG-22

EEG-23

EEG-24

EEG-25

EEG-26

EEG-27

EEG-28

EEG-29

EEG-30

EEG-31

EEG-32

EEG-33

EEG-34

EEG-35

LIST OF EEG REPORTS (CONTINUED)

Spiegler, Peter and Dave Updegraff, Origin of the Brines Near WIPP from the Drill Holes ERDA-6 and
WIPP-12 Based on Stable Isotope Concentration of Hydrogen and Oxygen, March 1983.

Channell, James K., Review Comments on Environmental Analysis Cost Reduction Proposals
(WIPP/DOE-136) July 1982, November 1982.

Baca, Thomas E., An Evaluation of the Non-Radiological Environmental Problems Relating to the
WIPP, February 1983.

Faith, Stuart, et al., i Two Pressurized Brines F he Castile Formatjon in t
ion Pjlot Pl PP) Site, April 1983.

EE eview C ents on th technical rts Provided OE to EEG Under the Stipulated
Agreement Through March 1, 1983, April 1983.

Neill, Robert H., et al., Evaluation of the Sujtability of the WIPP Site, May 1983.

Neill, Robert H. and James K. Channell, Potential Problems From Shipment of High-Curie Content
Contact-Handled Transuranic (CH-TRU) Waste to WIPP, August 1983.

Chaturvedi, Lokesh, Occurrence of Gases in the Salado Formation, March 1984.

Spiegler, Peter, Propo eoperational Envi 1 Monitoring Pr for WIPP, November
1984.

Rehfeldt, Kenneth, Sensitivity Analysis of e T in Fr. De inati
Anisotropy Within the Culebra Dolomite, September 1984.

Knowles, H. B.,

Review, November 1984.

Little, Marshall S., Evaluation of the Safety Analvsis Report for the Waste Isolation Pilot Plant Project,
May 1985.

Dougherty, Frank, Tenera Corporation, Evaluation of the Waste Isolation Pilot Plant Classification of
Systems, Structures and Components, July 1985.

Ramey, Dan, C i h tler Fluids, July 1985.

Chaturvedi, Lokesh and James K. Channell, The Rustler Formation as a Transport Medium for
Contaminated Groundwater, December 1985.

Channell, James K., et al., Adequacy of TRUPACT-I Design for Transporting Contact-Handled
Transuranic Wastes to WIPP, June 1986.

Chaturvedi, Lokesh, (edi.), The Rustler Formation at the WIPP Site, February 1987.
Chapman, Jenny B., Stable Isotopes in Southeastern New Mexico Groupdwater; Implications for

Dating Recharge in the WIPP Area, October 1986.
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EEG-36

EEG-37

EEG-38

EEG-39

EEG-40

EEG-41

EEG-42

EEG-43

EEG-44

EEG-45

EEG-46

EEG-47

EEG-48

EEG-49

EEG-50

EEG-51

EEG-52

LIST OF EEG REPORTS (CONTINUED)

Lowenstein, Tim K., Buri Iterati f mij F jon Ev i i
New Mexico, April 1987.

Rodgers, John C., t k jtori t the W I ion Pil nt, November 1987.

Rodgers, John C. and Jim W. Kenney, iti ntj ir Monitori at
the Waste Isolation Pilot Plant, March 1988.

Chapman, Jenny B., Chemical and Radiochemical Characteristics of Groundwater jn the Culebra
Dolomite. Southeastern New Mexico, March 1988.

C EW O

May 1989,
h upplem iron; 11 t n E W Isolation Pil nt

July 1989.
Chaturvedi, Lokesh, Evaluation of the DOE Plans for Radioactive Experiments and Operational
Demonstration at WIPP, September 1989.
Kenney, Jim W., et al., Preoperational Radiation Surveijllance of the WIPP Project by EEG 1985-1988,
January 1990.
Greenfield, Moses A., Probabilities of a Catastrophic Waste Hoist Accident at the Waste Isolation Pilot

Plant, January 1990.

Silva, Matthew K., Prelj i i i latil
Compounds in WIPP CH-TRU Waggg, June 1990.

Gallegos, Anthony F and James K. Channell Blslg A alys s gf Ihg ranspg of g;g QI Hgggi gd

in Ne

RADTRAN vV August 1990

Kenney, Jim W. and Sally C. Ballard, Preoperational Radiation Surveillance of the WIPP Project by
EEG During 1989, December 1990.

Silva, Matthew, An Assessment of the Flammability and Explosion Potential of Transuranic Waste,
June 1991.

Kenney, Jim, Preoperational Radiation Surveillance of the WIPP Project by EEG During 1990,
November 1991,

Silva, Matthew K. and James K. Channell, Implications of Qil and Gas Leases at the WIPP on

Compliance with EPA TRU Waste Disposal Standards, June 1992.

Kenney, Jim W., Preoperational Radiation Surveillance of the WIPP Project by EEG During 1991,
October 1992.

Bartlett, William T., An Evaluation of Air Effluent and Workplace Radjoactivity Monitoring at the
Waste Isolation Pilot Plant, February 1993.
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LIST OF EEG REPORTS (CONTINUED)

EEG-53 Greenfield, Moses A. and Thomas J. Sargent, A_[ﬂ&ulsgg_Aws_g__Qam_QpM__tmm_a_n_c_
Waste Hoist Accident at the WIPP, June 1993.

EEG-54  Kenney, Jim W., Preoperational Radiation Surveillance of the WIPP Project by EEG During 1992,
February 1994.

EEG-55 Silva, Matthew K., Implications of the Presence of Petroleum Resources on the Integrity of the WIPP,
June 1994.

EEG-56 Sllva Matthew K. and Robert H. Neill, Unresolved Issues for the Disposal of Remote-Handled
Transuranjc Waste in the Waste isolation Pijlot Plant, September 1994.

EEG-57 Lee, William W.-L, Lokesh Chaturvedi, Matthew K. Silva, Ruth Weiner, and Robert H. Neill, An
1 of the 2 Prelimi e S r aste Isolation Pilot Plant
September 1994.

EEG-58  Kenney, Jim W., Paula S. Downes, Donald H. Gray, Sally C. Ballard, Radionuclide Baseline in Soil

Near Project Gnome and the Waste [solation Pilot Plant, June 1995.
EEG-59  Greenfield, Moses A. and Thomas J. Sargent, An Analysis of 1 Probability of Failure of th
Waste Hoist Brake System at the Waste Isolation Pilot Plant (WIPP), November 1995.

EEG-60  Bartlett, William T. and Ben A. Walker, The Influence of Salt Aerosol on Alpha Radiation Detection
by WIPP Continuous Air Monitors, January 1996.

EEG-61 Neill, Robert, Lokesh Chaturvedi, William W.-L. Lee, Thomas M. Clemo, Matthew K. Silva, Jim W.

Kenney, William T. Bartlett, and Ben A. Walker, Review of the WIPP Draft Application to Show
Compliance with EPA Transuranic Waste Disposal Standards, March 1996.

EEG-62  Silva, Matthew K., Fl n v
Problem for the WIPP: Proceedings of a June 1995 Workshop and Analysis, August 1996.

EEG-63 Maleki, Hamid and Lokesh Chaturvedi, Stability Evaluation of the Panel 1 Rooms and the E140 Drift at

WIPP, August 1996.

EEG-64  Neill, Robert H., James K. Channell, Peter Spiegler, Lokesh Chaturvedi, Review of the Draft
Supplement to the WIPP Environmenta] Impact Statement. DOE/EIS-0026-S-2, April 1997.

EEG-65 Greenfield, Moses A. and Thomas J. Sargent, Probability of Failure of the Waste Hoist Brake System at
the Waste [solation Pilot Plant (WIPP), January 1998.

EEG-66 Channell, James K. and Robert H. Neill, Individual Radijati i B t
to the Surface by Human Intrusion at the WIPP, February 1998.

EEG-67 Kenney, Jim W., Donald H. Gray, and Sally C. Ballard, Preoperational Radiation Surveillance of the
WIPP Project by EEG During 1993 Though 1995, March 1998.
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EEG-68

EEG-69

EEG-70

EEG-71

EEG-72

EEG-73

EEG-74

EEG-75

EEG-76

EEG-77

EEG-78

EEG-79

LIST OF EEG REPORTS (CONTINUED)

Neill, Robert H., Lokesh Chaturvedi, Dale F. Rucker, Matthew K. Silva, Ben A. Walker, James K.
Channell, Thomas M. Clemo, Evaluation of the WIPP Project’s Compliance with the EPA Radiation

Protection Standards for Disposal of Transuranic Waste, March 1998.

Rucker, Dale, Sensitivity Analysis of Performance Parameters Used In Modeling the Waste Isolation
Pilot Plant, April 1998.

Bartlett, William T. and Jim W. Kenney, ati f the March 199 PP rational
Readiness Review Audit, April 1998.

Maleki, Hamid, Min ili luatj f 1 1 Durin m me rati t WIPP
July 1998.

Channell, James K. and Robert H. Neill, A Comparison of the Risks From the Hazardous Waste and
Radijoactive Waste Portions of the WIPP Inventory, July 1999.

Kenney, Jim W., Donald H. Gray, Sally C. Ballard, and Lokesh Chaturvedi, Preoperational Radiation
Surveillance of the WIPP Project by EEG from 1996 - 1998, October 1999.

Greenfield, Moses A. and Thomas J. Sargent, Pr ility of Fajl D I stem ai
the Waste Isolation Pilot Plant (WIPP), April 2000.

Channell, James K. and Ben A. Walker, Evaluation of Risks and Waste Characterization Requirements
for the Transuranic Waste Emplaced in WIPP During 1999, May 2000.

Rucker, Dale F., Air Di i li h lati ilot Plant, August 2000.

Oversby, Virginia M., Plutonium Chemistry Under Conditions Relevant for WIPP Performance
Assessment, September 2000.

Rucker, Dale F., ilisti
Plant, September 2000.

Gray, Donald H., Jim W. Kenney, and Sally C. Ballard, Operational Radiation Surveillance of the
WIPP Project by EEG During 1999, September 2000.
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