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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 WlPP Project,

located in southeastern New Mexico, is being constructed as a repository 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 1(D456, 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-

79AL10752 through DOE contract DE-ACO4-89AL58309. The National Defense

Authorization Act for Fiscal Year 1994, Public Law 103-160, continues the authorization.

EEG performs independent technical analyses of the suitability of the proposed site; the

design of the repository, its planned operation, and its long-term integrity; suitability and

safety of the transportation systems; suitability of the Waste Acceptance Criteria and the

generator sites' compliance 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

WlPP. Another important function of EEG is the independent environmental monitoring of

background radioactivity in air, water, and soil, both on-site and off-site.
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EXECUTIVE SUMMARY

The purpose of the EEG preoperational monitoring program is to document the existing

concentrations of selected radionuclides in various environmental media collected from the

vicinity of the WIPP site to provide a basis of comparison of any effects of future WIPP

operations. The basic methodology for conducting environmental surveillance both on-site

and off-site was outlined by Spiegler (1984). This report represents a continuation of the

EEG baseline data beginning in 1985, previously reported in EEG-43, EEG-47, EEG-49

and EEG-51. Such radionuclide baseline data are important in order to determine whether

future WIPP operations with radioactive waste have affected concentrations of these

radionuclides in the environment. EEG data are consistent with similar environmental

measurements obtained by DOE beginning in 1985.

Since late 1985, the EEG has collected or received as split samples 2,443 air filters with

particulates, 202 water samples, 16 biota samples and 13 soil/sediment samples. A total of

5,946 specific radionuclide analyses have been performed on these samples.

As reported previously by EEG (EEG-43, EEG-47, EEG-49 and EEG-51), observed

concentrations of U-238 daughter radionuclides were not in equilibrium with the parent

radionuclide in water samples. This observation is consistent with different radionuclide

mobility in the environment. In a notice of proposed rule making for 40 CFR 141 (US

EPA 1991), the Environmental Protection Agency (EPA) National Primary Drinking Water

Regulationsreflect this in the calculated activity-to-massratio of 1.3 pCi/#g of uranium

using a geometric mean of the U-234:U-238 ratio in water supplies of 2.7. Ra-226 and Ra-

228 were reportedin a number of water samples in concentrationssimilar to those

previously published by EEG and DOE.

In a continuing effort to establish lower limits of detection, EEG provided the contractor

laboratory with clean (blank) air filters for radiochemical analysis. Data from these

analyses were used to calculate lower limits of detection (LLD) for air samples based upon



procedure blanks rather than instrument counting blanks. Similar water blanks have also

been submitted for analysis but these data are statistically inadequate at this time for use in

LLD calculations.

Radionuclide concentrations in soil were also consistent with other data reported by EEG

and DOE in the WIPP environment.
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1.0 INTRODUCTION

The purpose of the EnvironmentalEvaluation Group's (EEG) monitoringprogramat the

Waste Isolation Pilot Plant (WIPP) is to establish baseline measurementsof radionuclide

concentrations at the WIPP facRity and in the surroundingenvironment. The EEG

surveillance parallels the pre-operationalbaseline measurementsprogram conducted by the

Waste Isolation Division (WID) of Westinghouse Electric Corporation,which is the U. S.

Departmentof Energy's (DOE) prime contractor for WIPP.

The WIPP project is intended to be a repository for the disposal of transuranic (TRU)

radioactive waste resulting from the defense activities of the United States. The WrPP

mission is to dispose of 176,000 m3(6.2 million cubic fee0 of contact-handled (CH-TRU)

waste and 7,080 m3(250,000 cubic feet) of remote-handled (RH-TRU) waste (US DOE,

OERWM 1990). The total radioactivity from CH-TRU waste at WIPP will be about 1.01 x

10' Curies (Ci) (US DOE, OERWM 1990) and a maximum of 5.1 x 10s Ci from RH-TRU

waste (NM and US DOE 1984). Under authorizing legislation (US Congress 1979) Public

Law 96-164, the WIPP facility is exempt from U. S. Nuclear Regulatory Commission

(NRC) regulations.

The U. S. Environmental Protection Agency (EPA) Standards,40 CFR Part 191 (US EPA

1990), "Environmental Radiation Protection Standards for Management and Disposal of

Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes,_ were promulgated in

November 1985, vacated in 1987 and reissued in 1993 (US EPA 1993). Subpart A of 40

CFR 191 limits the combined annual radiation dose to the public to 25 millirems to the

whole body and 75 millirems to any critical organ from waste emplacement and storage

operations at DOE disposal facilities which are not regulatedby NRC. Subpart B of 40

CFR 191 establishes performance standards for long-term containment and releases of

radioactivity to the accessible environment. Subpart B was vacated by the First Circuit

Court of Boston in June of 1987 on the grounds that the regulation was less stringent than

the requirements of the Clean Water Act of 1971 and failed to foUow the Administrative

1



Procedures Act. Within days, the State of New Mexico and DOE signed an agreement in

July 1987 to continue assessmentof potential compliance with the vacated standarduntil

new standards were promulgated (which occurred in December of 1993). While WIPP is in

the researchand development phase, 40 CFR 61 (NESHAP) limits the effective dose to 10

mrem from WIPP airborne emissions.

The EnvironmentalEvaluation Group established a preoperational environmental monitoring

program in 1984 underterms of the July 1981 Consultation and Cooperation (C & C)

Agreementand the December 1982 SupplementalStipulated Agreement. The National

Defense AuthorizationAct for Fiscal Year 1994, Public Law 103-160 (US Congress 1993)

authorizedcontinued funding of the EEG's environmental monitoring program. Data

contained in this report are a continuationof the preoperational monitoring baseline studies

outlined in Spiegler (1984) and reportedin Kenney et al. (1990), Kenney and Ballard

(1990), Kenney (1991) and Kenney (1992). EEG plans to continue pre-operational

environmentalmonitoring until waste starts arriving at WIPP and will continue the

monitoringprogram during the operational phase.

2.0 ENVIRONMF_2_AL SETTING OF THE WIPP SITE

The WIPP facility is located in Eddy County in southeastern New Mexico, approximately

42 km (26 mi) east of Carlsbad (Figure 1). The facility is located on a sandy plain at an

elevation of 1,040 m (3,410 ft) above sea level. Prominent natural features near the

facility include Livingston Ridge and Nash Draw, about 8 km (5 mi) west of the facility.

Nash Draw is a shallow, dog-bone shaped drainage course between 8 km (5 mi) and 18 km

(11 mi) in width, characterized by surface impoundments of brine water (Figure 2).

Livingston Ridge is a bluff that marks the eastern edges of Nash Draw. Other prominent

features of the region include the Pecos River, located about 22 km (14 mi) west of the

facility, and the Carlshad Caverns National Park about 68 km (42 mi) west-southwest of the

WIPP facility.





Figure 2. Nash Draw and Depressions Near the WlPP Site, Based on USGS Nash Draw
Quadrangle, 15 Minute Series
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Chaturvedi and Channell (1985) suggest that the two major discharge points for waters from

the Rustier Formation are into the Pecos River in an area known as Malaga Bend and into

Laguna Grande de la Sal. The Laguna Grande de la Sal receives flow from several springs

along the margin of the lake. Potentiometric contours for various zones within the Rustier

point to the Laguna Grande de la Sal as a secondary discharge point for the Rustier waters.

Because the Rustier Formation lies directly above the Salado Formation which contains the

WlPP repos_.!:ory,EEG includes water samples from the discharge of the Rustier Formation

areas in the radionuclide baseline program.

The nearest populationcenters include the village of Loving (population 1,500), located 29

km (18 mi) southwest of the facility, and the city of Carlsbad (population28A00), located

42 km (26 mi) west of the facility. Other towns withinan 80 km (50 mi) radius include

Artesia, Eunice, Hobbs, Jal, and Lovington.

The climate in the region of the facility is semi-arid with an average annual precipitation in

Carlsbad of 207.76 mm (10.66 in) between 1951 and 1980 (US DOC 1992). During 1992

a total of 382.42 mm (12.93 in) of precipitation was received at the WIPP site (US DOC

1992). Much of the precipitation falls during intense thunderstorms in the spring and

summer. Winds are generally from the southeast toward the northwest (US DOE, WIPP

1991).

Surface structures of the facility are located in sections 20 and 21 of township 22 south,

range 21 east, N.M.P.M., in Eddy County, New Mexico. The surface areas around WIPP

are divided into several zones (US DOE, OERWM 1990) as indicated in Figure 3. Zone I,

located in sections 20 and 21 of township 22 south, range 31 east, has an area of 14 ha (35

acres) and contains most of the surface structures associated with WIPP. It is enclosed by

chain link fence and patrolled by security guards to maintain restricted access. The secured

area boundary surrounds Zone I and is marked with a barbed wire fence. Zone II is the

next larger subdivision of the facility although there are no surface markers to identify this

zone. Zone II is 728 ha (1,800 acres) in size and represents the maximum extent of the

area available for underground development. The WIPP outermost facility boundary, which
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Figure 3. Zones at the WIPP Site



encompasses 16 square miles, provides a one mile buffer area around Zone II and contains
i

4,144 ha (10,240 acres or 16 sections) and is known as the WlPP site.

Three ranches (Mills, Smith, and Mobley) have property in the vicinity of the WIPP

facility. The Mills ranch headquarters is located 5.6 km (3.5 mi) south-southwest of the

facility center, the Smith headquarters is 8.8 km (5.5 mi) west-northwest of the facility, and

the Mobley ranch is 9.6 km (6 mi) southwest of the facility. The Mills ranch uses water

from Hhouse"and Hbarn_ wells for stock and domestic uses. Water is provided to the

Smith ranch from pipelines used by IMC Fertilizer, Inc. and New Mexico Potash

Corporation. These pipelines draw from wells completed in the Capitan Reef Formation

and the Ogallala Formation, respectively. Mobley ranch uses water hauled from various

public water supply systems for domestic use while stock water is obtained from "Mobley

Well, _ located near the ranch headquarters about 10 km (6 mi) from the facility. All

rancb_s in the area of WIPP use rain catchment ponds for stock water in addition to water

produced from wells.

DOE has purchased all potash leases within the 16 sections comprising the WIPP facility.

However, there are two active oil and gas leases in the southwest comer of the WIPP site,

one in the north-half of section 31 and one in the south-half of section 31, T-22-S, R-31-E

(Silva and Channell 1992). These two oil and gas leases are at depths greater than 6,000

feet and are part of the James Ranch Unit currently operated by Bass Enterprises. In 1982,

Bass Enterprises drilled a wildcat well just south of the WIPP site, on section 6, township

23 south, range 31 north, with intent to deviate north into section 31. That well was

completed to a depth of 4,596 meters (15,078 ft) into the Atoka Formation under section

31. The impact of drilling additional wells into this lease and the continued production of

gas from the existing well are not yet known.

Although there are no dairies within 40 miles of the WIPP facility, a large amount of

alfalfa is grown in the Pecos Valley between Roswell and Malaga, New Mexico. The

alfalfa crop is used in cattle feeding operations mainly in New Mexico and Texas. Cotton

and pecans are the other major crops grown in the Pecos Valley.
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Geologically, the WIPP repository horizon is situated at a depth of 655 m (2,150 ft) below

land surface in the Permian Age Salado Formation (Figure 4). The Salado is a 610 m

(2,000 ft) thick bedded-salt formation overlain by the Rustier Formation. The Rustier

Formation consists of anhydrite and siltstone beds and contains two water-bearing zones,

the magenta and culebra dolomites, at 170 m (568 ft) and 205 m (672 ft) below land

surface, respectively. Each of these is approximately 7.5 m (25 ft) thick. Transport in the

water-bearing units of the Rustier Formation represents the main potential hydrologic

pathway to the biosphere from the repository. The culebra dolomite is considered to be the

most important hydrologic pathway for release calculations because it is the most

transmissive unit in the area. A recent interpretation (Sandia National Labs 1989) of the

culebra freshwater-head data indicates a southerly flow across the WlPP site with south-

westerly flow occurring south of the site. Radiological baseline data for the eulebra and the

less productive magenta dolomite are being collected because of their importance to

long-term release scenarios.
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Figure 4. Stratigraphy at the WIPP Site
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3.0 SUMMARY OF THE PREOPERATIONAL PROGRAM

The EEG implemented a preoperational environmental surveillance plan (Spiegler 1984) to

establish baseline data on potential exposure pathways as summarized in Table _,. A high

priority continues to be assigned to air sampling and analysis because of the lX_,tentialfor

accidents which could result in an airborne release. The air sampling system deployed by

EEG provides the potential for early detection of releases and subsequent atmospheric

dispersion. The preoperational environmental surveillance program includes sampling of

other environmental pathways such as groundwater, surface water, public drinking water,

biota, soil, and sediment. Radiochemical analyses of environmental samples are performed

for the long-lived radionuclides Pu-238, Pu-239+240, Am-241 (plus the naturally-occurring

radionuclides U, Th, Ra) and long-lived fission products, such as Cs-137 and Sr-90, which

are found in the WIPP waste.

3.1 Air SurveiUanc,e

The exhaust air effluent from the underground mine is not continuously filtered because of

the large air flow rate required for mine safety. Provisions have been made to filter

exhaust air through the high efficiency particulate air (HEPA) filters should a release be

detected. The pressure drop across the HEPA filters is large and would result in much

lower exhaust air flow rates. Hence, there is the potential for chronic, unfiltered, low-level

releases of TRU contaminants during the emplacement, test or retrieval process. In the

event of an accident, acute releases could occur prior to the shift of exhaust air through the

HEPA filters.

The fixed air sampler (FAS) at stations A and B sample at a flow rate of 0.94 L/s (2

ft3/min). Filters are changed following approximately 24 hours of sampling which produces

a nominal sample volume of 81.6 m3 (2,880 It'). Filters are not normally changed on

weekends and holidays due to the low dust loading. Quarterly composites of FAS filters

collected from stations A and B each contain an air sample volume of approximately



TABLE1. EEGPREOPERATIONALRADIOI.OGICALSURVEILLANCEPROGRAM
.........

ENV!RONHENTAL SANPL! MG/ANALYS! S
MED! UN LOCAT!ON FREQUENCY PARAIqETER

| i i i ii, i i i i i i

Air 4 Off-site and 3 On-site ContinuousLy/ gross alpha, gross beta, Pu-238,
Lo_ VoLumeAir SampLer quarterly Composite Pu-239+240, Am-241, Cs-137, St-90,
Locations Th-228, Th-230, Th-232, Ra-226, Ra-228

..................... , ......

Surface ;later Pecos River 2 Locations AnnuaLLy/Ar'dnLJaLLy gross alpha, gross beta, Pu-238,
Pu-239+240, Am-241, Tritium, Cs-137,

Laguna Grande de La Sat Sr-90, Ra-226, Ra-228, U-233+234,
U-235, U-238, Th-228, Th-230, Th-232

Surface Stock Tanks
5 Locations

, , ............... ,, .... ,

Grounc_ater 22 _etLs Anr_atLy/Annuatty gross alpha, gross beta, Pu-238,
Pu-239+240, Am-241, Tritium, Cs-I37,
Sr-90, Ra-226, Ra-228, U-233+234,
U-235, U-238, Th-228, Th-230, Th-232

,,, ,, , ,,,,, , ,,

NunicipaL 4 Systems AnnualLy/AnnuaLty gross alpha, gross beta, Pu-238,
Drinking Water Pu-239+240, Am-241, Tritium, Cs-137,

St-90, Ra-226, Ra-228, U-233+234,
U-235, U-238, Th-228, Th-230. Th-232

....

Soil and 3 Sites AnnuaLLy/Annuatty gross alpha, gross beta, Pu-238,
Sediment Pu-239+240, Cs-137, Sr-90, U-233+234,

U-735, U-238, Th-228, Th-230, Th-232
.......... , .......

Biota 2 Specimens* kre_mLLylkrmuaLLy Pu-238, Pu-239+240, Am-241, Tritium,
Cs-137

...............

Faci [ i ty
EffLuents

Air 2 Underground ContinuousLy/ gross alpha, gross beta, Pu-238,
VentiLation Exhaust QuarterLy Composite Pu-239+240, Am-241, Cs-137, Sr-_K),
(Stations A & B) Th-232, Th-230, Th-228, Ra-226, Ra-228

Sewage 1 Lagoon Semiar_JaLLy gross alpha, gross beta, Pu-238,
Pu-239+240, Am-241, Tritium, Cs-137,
sr-gO, Ra-226, Ra-228, U-233+234,
U-235, U-238, Th-228, Th-230. Th-232

Storm Water WIPP Zone I Annualty gross alpha, gross beta, Pu-238,
Runoff Pu-239+240, Am-241, Tritium, Cs-137,

Sr-90, Ra-226, Ra-228, U-233+234,
U-235, U-238, Th-228, Th-230, Th-232

.---

*SampLi r'_ performed by DOE
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7,344 m3 (259,200 ft3). A tamper evident seal is installed on the FAS with each new filter

and a strip chart showing the air flow through the system during the sampling period is

collected with each loaded filter. Flow is regulated through each FAS through use of an

anemometer and flow controller. EEG staff are present for each filter exchange, data and

air flow strip chart collection.

To detect acute releases, the fu'st level of air sampling (excluding the effluent air sampling

to be done in the exhaust ducts at Stations A and B) occurs inside of Zone I of the facility

in the predominant downwind direction. Air samples are collected using continuously

operated low volume air samplers (LVAS) which collect air particulates on 102 mm (4 in)

diameter borosilicate microfiber filters at a rate of 2.34 L/s (5 fP/min). A typical sampling

period lasts for seven days which provides a sample volume of approximately 1.4 x 106

liters (5 x 10' fP). The actual sample volume is used in the calculation to determine

radionuclide activity concentration, lower limit of detection (LLD), and analytical error.

The air sampl_ filter is located at a distance equal to or greater than the height of the

instrument housing in an upward facing, non-directional configuration. The filter is

protected from rain and snow degradation through the use of a rain shield described by Liu

and Pui (1980). Wind tunnel test performed at the University of Minnesota with sampling

devices using the rain shield design indicate high aspiration efficiency with little dependence

on wind speed (Liu and Pui 1980).

Air sampling is accomplished by strategic placement of low volume air samplers within

WlPP Zones I and II (Figure 5). The LVAS designated as Site-1 is located approximately

225 m (740 ft) northwest of the underground exhaust stack within the Zone I boundary.

The Site-1 sampler is approximately 90 m (300 ft) from the north line (FNL) of Zone I and

150 m (500 ft) from the east line (FEL) of Zone I. The LVAS designated as Site-2 is

located approximately 500 m (1,600 ft) northeast of the WlPP exhaust shaft and unit Site-3

is located approximately 1,000 m (3,300 ft) northwest of the WlPP exhaust shaft (Figure

6).
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Figure 6. Typical WIPP Site Low Volume Air Sampling Station (S-3)
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Figure 7. Typical CommunityLow Volume Air Sampling Station (Carlsbad)
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Low volume air samplersare also continuously operated in Artesia, Carlsbad, Hobbs, and

Loving, New Mexico. A typical LVAS stationis shown in Figure 7. The LVAS in

Artesiais located near the west end of Jaycee Park near the intersection of 26th and Dr. R.

W. HarperDrive (township22S, range 25E, section 24). The CarlsbadLVAS is locatedat

505 N. Main Street (township 22S, range 27E, section 6). The Loving LVAS is located

near the intersection of 5th Street and Elm Street at the Loving Fire Station (township23S,

range 28E, section 21). The LVAS in Hobbs is locatednear the intersection of Dalmont

Streetand Snyder Street (township 18S, range 38E, section 34).

It should be noted that from 1985 until January 1, 1990, high volume air samplers (HVAS)

were used in the air samplingprogram in these communities for 24 hours every sixth day.

As the expeaed time of TRU waste receipt approached, the HVAS which were operated

intermittentlywere replacedwith continuously operatedLVAS systems in each community.

The change in samplinghardware provides for continuous air samplingin the population

centers n_ the WIPP facility.

3.2 W__.a_Surveillance

Groundwatersamplesare collected fromwater-bearingzones ofthe SantaRosa,Dewey

LakeRedbeds, culebradolomite member of the Rustier, magentadolomite member of the

Rustler, Bell Canyon, and CapitanReef Formations. Water samples from 12 wells listed

on Table 2 are collected by DOE and immediately provided to EEG as splits from their

sample. The 12 observationwells are located at the eight locations shown on Figure 8.

The samples acceptedby EEG are sent to a contract laboratoryfor mdiochemical analysis.

Due to budget limitations not all samples are accepted and analyzed by EEG. The lo¢_xG_n

and formation sampled is indicatedfor each well in Table 2. Surface water samples are

collected by EEG staff.

Inallcases,the aliquotdesignatedforradiochemicalanalysisispreserved withnitricacid

toreducethepH tolessthan2.0.Samplesdesignatedfortritiumdeterminationare

collectedin240mL glasscontainerswithconical-shapedpolyethylenecapstoprevent

15



TABLE2. ACTIVE GROUNDMATERSANPLINGLOCATIONS
....

D%STANCEFROM FORMATION
WELLI.D. TOWNSHIP RANGE SECTION SECTIONLINE (FT) SAMPLED

Barn 23S 31E 7 Not AvaiLabLe Dewey Lake Redbeds2

Clifton 2IS 32E 3 Not Avaitable Santa Rosa2

Comanche 22S 32E 14 Not Avai table Santa Rosa2
,

EngLe 24S 32E 4 240.00 FSLi Cutebra DoLomite2
1500.00 FELl

Fai rv|ew 23S 32E 26 Not Avai table Dewey Lake Redbeds2

NobLey 23S 30E 31 Not Avai table CuLebra DoLomite2

Poker 24S 30E 12 Not Avai table CuLebra DoLomitez

Ranch 23S 31E 7 Not Avai table Dewey Lake Redbeds2

Twin (Pasture) 24S 31E 17 Not AvaiLabLe Dewey Lake Redbec_3 4

Urger 23S 31E 17 Not AvaiLable Dewey Lake Redbeds2
, .....

H-2C 22S 31 29 637.15 FNL1 Not AvaiLabLe
1708.62 FWL!

,,,,,

H-3B1 22S 31E 29 2085.31 FSLl Magenta DoLomite2
138.10 FELl

I H-3_ 22S 31E 29 2022.35 FSLI Cutebra DoLomite2
217,30 FELl

, .....

H-4B 23S 31E 5 498.47 FNLl Cutebra DoLomites
632.54 FWLI

H-4C 23S 31E 5 /#,6.36 FNL! Magental
717.89 FWL!

H-5B 22S 31E 15 1008.30 FNLI Cutebra DoLomite3
236.22 FELl

H-SC 22S 31E 15 1005.55 FNLI Magenta DoLomite3
134.95 FELI

.... ,,

H-6B 22S 31E 18 196.34 FNLl Cutebna DoLomite2
322.96 FWLl

.......

H-6C 22S 31E 18 281.06 FNL! Magentas
374.47 FWLl

H-11B3 22S 31E 33 1501.70 FSLl CuLebra Dolomi te s
105.20 FEL!

H-14 22S 31E 29 372.60 FSLl Cutebra Dolomite s
562.40 FWLl

.....

WIPP-19 22S 31E 20 2286.50 FNLl Cutebra DoLomite2
12.70 FELl

I FromGonzates (1989) Note: FNL= feet from north Line of section
2 From Randall et at. (1988) FEL = feet from east Line of section
3 From UhLand et at. (19873 FSL = feet from south Line of section
4 From UhLand and Randall (1986) FWL= feet from west Line of section
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ambient air entrapmentwith the sample. Surface water, groundwater,public drinking

water, WIPP wastewater effluent and stormwatereffluent samples are sent to a private

contractorlaboratoryfor radiochemicalanalysis. The radiochemicalanalyses for all water

samples are reportedin Tables A-9 through A-12 of Appendix A.

An interpretationof the groundwaterchemistry data is discussed by Chapman (1988). The

majorion data are useful in determining flow paths in the water-_ng units above the

level of the WIPP repository. Data on the concentrationsand distributionof thorium,

radium, and uraniummay be used to help predict the mobility of similar radionuclides in

the hydrogeochemical setting at WIPP. Flow path and radionuclidemobility information

are useful for analyzing release scenarios to assess WIPP's compliance with the long-term

disposal requirementscontained in EPA regulations(40 CFR Part 191). Radionuclidedata

collected from groundwatersamplescould become partof the data base used to evaluate

long-term performance of the repository, providing documentationof pre-waste levels for

later comparison.

The surface water surveillance program consists of routine sampling of eight bodies of

water by EEG staff as shown in Figure 9. Water collected from the Pecos River in

Carlsbad provides radionuclide baseline data and a comparison for similar data from the

Pierce Canyon area of the Pecos about 19 km (12 mi) downstreamfrom Carlsbad. Mercer

(1983) suggests that saturatedzones in the RustierFormation discharge to the Pecos River

near Malaga Bend, about a mile upstreamof where the fiver enters Pierce Canyon.

Because of the role of the Rustler Formation as a hydrologic pathway for radionuclide

migration, preoperationaldata from these regions are important. Radionuclidebaseline data

are collected from surface water in Laguna Grandede la Sal which is located 13 km (8 mi)

southwest of the WIPP facility.

Due to the size of Laguna Grande de la Sal three collection areas are used to form a

composite sample. The saline lake is in the storm water drainage from the facility and is a

discharge point for shallow groundwater in Nash Draw. Because particulates in air
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emissions from WIPP operations would be expected to fall onto the area watershed, water

samplesare collected from five nearby rain catchment basins used for livestock and game

watering.

Radiochemicaldata from surface water samplesare presented in Table A-10 of Appendix

A.

New Mexico RegulationsGoverningWaterSupplies (NM HED 1989) establish a maximum

contaminantlevel (MCL) for Sr-90 at 8 pCi/L, tritium at 20,000 pCi/L, gross alpha at 15

pCi/L, and Ra-226+228 at 5 pCi/L in public community water supply systems. EEG

collects and analyzes samplesfrom the Carlsbad, Loving/Malaga, Otis, and WIPP water

supply systems (Figure 8). Radionuclidedata obtainedfrom these public community

drinkingwater systems during this report period did not exceed these MCLs and are

presentedin Table A-12 of AppendixA.

Mercer (1983) summarizedchemical analyses performed by the U. S. Geological Survey on

WIPP well samples. Simpson et al. (1985) reported a wide variety of radionuclide analyses

of surface and groundwaterin the Delaware Basin in an investigation of the mobility of

radionuclidesin high-chloride environments.

Field and laboratoryresults from DOE's water quality samplingprogram are available in

Uhland and Randall (1986); Uhland et al. (1987); Randall et al. (1988); US DOE, WIPP

(1990); and US DOE, WIPP (1991). Interpretationof data from groundwaterin the

Culebra Dolomite Member of the Rustier formationis discussed in Chapman (1988) and

Ramey (1985).

3.3 Soil and Sediment Surveillance

Soil and sediment in the area of WlPP contain a record of deposited radioactive fallout

from past atmospheric nuclear weapons testing as well as surface contamination from
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Project Gnome. Cs-137 was one radionuelideidentifiedin the area of the Gnome site

duringan aerial gamma survey (Berry 1989) which was conductedas a part of WIPP

baseline studies. It is believed that a certain amountof this deposited fallout may become

re.suspendedin airparticulatesundercertain atmosphericand soil conditions. Because

WIPP TRU waste contain some of the fission productsfound in fallout, these data are an

importantcomponent of the environmentalbaseline data set. In addition, soil samples are

routinelyavailable to EEG as split samples from the DOE soil samplingprogram.

Radionuclidedata obtained from soil samples collected duringthis reportperiod are

containedin Table A-13 of AppendixA.

3.4 Biota Surveillance

Potential ecosystem transportprocesses at WIPP include the atmosphericdispersion and

subsequentcontaminationof soft, surface water, and vegetation surroundingthe WIPP

facility. Although inhalationis the predominant exposure pathway to man, ingestion of

game, livestock, or fish that had access to the contaminatedenvironmentcould also provide

a pathway for human exposure (US NRC 1983). Due to budget limitations no biota

sampleswere collected during 1992.

Some EEG biotic samples are received as split samples from the DOE environmental

program. Biotic samples are sent to a private laboratory for radiochemical analyses as

shown in Table 1.

3.5 WIPP Effluent Surveill_ce

The three major effluent streams at the WlPP facility are exhaust air from the underground

repository waste area, sewage effluent and stormwater effluent from the Zone I area.

Unfiltered air is normally exhausted at approximately 201 m3/s (425,000 ft3/min) through an

exhaust shaft to the environment. The EEG routinely collects samples from a fixed air

sampler which traps particulates from the unfiltered exhaust air at the top of the exhaust
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shaft (Station A) before the air is discharged to the environment (Figure 10). Samples from

Stations A are sent to a private laboratory for radiochemieal analysis after initial screening

in the EEG laboratory.

Although EEG began collecting filters from these FAS locations in October 1990, the

methodology for Station A sample collection was not finalized until October 1991. The

analytical radiochemical suite is the same as that indicated for air filters in Table 1.

Underground exhaust air will be diverted through high efficiency particulate air filters

located on the surface if the continuous air monitor (CAM) in the exhaust shaft on the

surface (Station A) detects a significant radioactive release. Air passed through the HEPA

filters would then be exhausted to the environment at a rate of 28.3 m3/s (60,000 _/min)

through an alternate exhaust duct and sampled at a FAS designated as Station B. Fixed air

samples collected from Station B will be analyzed as described above for Station A samples

should HEPA filtration be initiated. EEG will not operate a CAM at either Station A or B

because it is DOE's responsibility to advise of an alarm or accident situation.

In order to determine the total amount of radioactivity released from the underground at

WIPP in the event of an accident, it is necessary to operate FAS units at both Stations A

and B during a suspected release (Figure 11). First, contamination could potentially be

released to the environment through the unfiltered exhaust stacks beyond Station A before

CAM alarms initiate HEPA filtration (Bartlett 1993). Hence, a FAS at Station A is

essential. Second, Station B is sampled with a FAS to quantify any releases which might

be discharged from the underground to the environment through leakage or failure of the

HEPA filtration system and otherwise verify that no further discharge occurred once the

bypass valves close. Through analysis of filters from Stations A and B, EEG should have

enough data to determine the extent of any significant release through the repository exhaust

air.

Air exhausted from the Waste Handling Building will be double HEPA-filtered continuously

before discharge to the environment. DOE will maintain CAM systems and FAS systems
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intheexhaustductfromthisfacilityata locationdesignatedasStationC. However,due

tothelowprobabilityofareleasethroughthisredundantHEPA-filtereddischarge,EEG

willnotoperatea FAS inthisexhaustsystem.

Othereffluent streams from the WIPP facility are sewage effluent and storm water runoff

from Zone I. The WIPP sewage treatment plant consists of two parallel lined solar

evaporation cells followed by two parallel lined polishing cells with final discharge to two

lined evaporation cells. Although DOE procedures indicate that potentially contaminated

water from waste handling operations will not be introduced into the WIPP sewage system,

preopemtional monitoring includes samplingof effluent contained in the lined evaporation

ponds. Analytical data from radiochemicalanalyses performed on a primarysewage cell

sample are contained in Table A-11 of Appendix A.

4.0 DISCUSSION OF FINDINGS

Radiochemicalanalyses of environmental samples, presented in Appendix A, are required

to identify specific radionuclidespresent in the preoperationalWIPP environment.

Radiochemical analysis of composite air, water, biota, soil, and sediment samples are

performed by an independent commercial laboratory. Gross alpha and gross beta activity

levels in samples of water and soil were determined using proportional counting systems.

Analyses were preceded by one or more chemical separations.

The equations used by EEG's contractor laboratory in reporting individual radionuclide

activity concentrations and counting error at the 95 percent confidence level are presented

below. The activity concentration for most radionuelides was calculated by the following

equation:
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(Net CPM)
Radionuclidc Activity Cone. -- - (1)

(E)(V)_c) _s) (X,)(K0

_/'hel'e:

RadionuclideActivity Conc. = _Ci/ml

Net Counts per minute(CPM) = gross CPM - backgroundCPM

E = Countingefficiency (countsper disintegration)

V - Samplevolume or weight (ml or g)

Rc = Fractionalchemical yield of carrier

, Rs ffi Fractionalaverage recoveryfor standards

K, ffi 3.7 X 10' disintegrations/second-_Ci

Ks ffi 60 seconds/minute

The 2 sigma analytical error was calculated from the following equation:

1.96 [S/D._ + B/Db_]'_
Analytical Error= (2)

(E)(v) (R.)(R.)(K,)(K2)

Where:

Analytical Error = _Ci per volume unit (ml or g)

1.96 = Factorto achieve 95 percentconfidence level

S = Sample gross counts (counts)

B - Blankcounts(counts)

D. = Sample counting time (minutes)

Db = Blank counting time (minutes)

1L = Fractional chemical yield of carrier

1L = Fractionalaverage recovery for standards

E - Counting efficiency (countsper disintegration)

V = Volume of sample (ml or g)

K, = 3.7 x 10"disintegrations/second-_Ci

K: - 60 seconds/minute
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TheEEG contractorlaboratoryroutinelyreportsa lowerlimitofdetection(LLDo)foreach

analysisbasedon theresultsofa periodicdeterminationofthebackgroundofthecounting

instrumentbutwithoutotherfactorsoftheanalyticalchemicalseparationprocess.The

contractorlaboratory'sLLDo canbesummarizedasfollows:

(4.65)(Sb)
LLD_ - (3)

(K,)_)(V)(Y)(e)'-_,c,_>
J

Where:

4.65 = Factor to achieve 95 % confidence

LLDo = lower limit of detection (microcurie/milliliter)based upon instrument
backgroundalone

S_ = standarddeviation of instrumentbkg (cps)

E = counting efficiency (cps/dps)

V = sample volume (ml)

Y = fractionalyield of radiochemistry(when applicable)

KI = 3.7 x 10_disintegrations/second-_Ci

= decay constant (seconds" or years")

At = elapsed time, collection to count (seconds or years)

This formulation of the LLDofor a single measurement is intended to follow the guidance

of the HASL Procedures Manual (US DOE, EML 1990) and similar sources.

However, a survey of the radiochemical data from environmental samples collected between

1985 and 1988 (Kenney et al. 1990) found that Cs-137 was reported at a concentration of

3.3 E-9 #Ci/ml (LLDo = 2.0 E-9 #Ci/ml) in water from the Rustler Formation. The

sample in question was collected from an environmental media and under geophysical

conditions that would make it highly unlikely that the sample would contain fallout Cs-137

at the concentration reported. It appears that the high Cs-137 concentration was the result

of incomplete potassium (K-40) precipitation followed by a beta count which attributed the
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activity to Cs-137. Radioehemical data collected during 1992 indicated the presence of Pu-

238 at the LLD, in one water sample and Pu-239+240 at the LLDo in two water samples.

Although other environmental monitoring programs have reported similar measurements

(Reith et al. 1986, Banz et al. 1987) it is not likely that these analyses represent true

detection of environmental levels of fallout radionuclides but are instead a result of

inappropriate procedure blanks used to calculate the LLD,. These errors might have been

reduced through the use of more appropriate procedure blanks.

A detailed analysis of the contractor laboratory log books coveting actinide analysis of

typical air filter composites revealed the following:

(1) Both EEG procedure blanks and regular sample aliquots are counted for 240 minutes,

which results in very few total counts, thus creating the possibility for Poisson errors;

(2) there is significant variability in sample recovery which introduces significant

variability in the calibration factor (denominator) of the LLD computation;

(3) instrument backgrounds (the contractor's "blank") are counted significantly longer

than the samples themselves (2,880 minutes), which violates the assumption (ANSI

1992) that the magnitude of the sample and blank counts are similar; and

(4) the introduction of systematic bias through tracer reagents is not taken into account as

a blank systematic error.

If the variance (S_) is based solely on the observed counts from a detector with the same

blank (or no sample blank), then the S_may be underestimated. A better estimate of Sbcan

be made by routine analysis of environmental media devoid of the radioactivity of interest

(i.e. uncontaminated air sample filters or water samples). Beginning in the fourth quarter

of 1986, both air filter and water sample blanks were routinely sent to the contract

laboratory for analysis along with environmental samples. The resulting blank data were
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used to calculate the LLDs shown in Table 3. The derivedvariance is more indicativeof

the total variance of the analytical measurementprocess. The LLD was calculated using

equation(4) below:

4.65 a 0

LLD - (4)
(K)O0

V_lere"

4.65 = Factor to achieve 95 % confidence

LLD = Lower Limit of Detection (pCi/ml) as determined using all experimental
variationsnot just the Poisson component

oo = Standarddeviation of the contractorreportedradionuclideactivities from
analysis of blank filter composites (pCi/composite)

K = constant for conversion of pCi to _Ci (10_/_Ci/pCi)

V = volume of air in the composite air sample for which the LLD is reported(ml)

Due to the lack of sufficient datafrom blank water samples (procedureblanks), LLDs

based upon the above equationwere not calculatedby EEG for water sample data and,

therefore, the contractor's LLD_scontinue to be reportedhere.

One important objective of the EEG's preoperationalenvironmental surveillance programis

to better understandthe radionuclideconcentration values and lower limits of detection in

environmentalsamples from the vicinity of the WIPP facility. In a method consistent with

the format outlined in NRC Regulatory Guide 4.14 (US NRC 1980), EEG reportsall

environmentalradionuclide concentrations as values, including values less than the lower

limit of detection (LLD) or less than zero.
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TABLE3. RADIONUCLIDELLD DATA(AIR FILTERS)
ii

AVERAGE LLD
RN)10NUCL!DE NO. OF CONCENTRAT1ON STANDARD ( pCi/ Fl LTER

BLANKS (pCi/FILTER COMPOSITE) DEVIATION CONPOS|TE)
AT 95_ CONFIDENCE

i tt ir

ANERI CIUN-241 28 O. 12 0.27 1.25
, i i i,m.

CESIUM-137 28 0.66 2.05 9.54
.,,, i i ill i .i,

PLUTONIUM239+2/,0 28 0.02 O.19 0.88

PLUTONIUM-238 28 "0.19 0.68 2.25
i iml -,

RADIUM-226 28 O.19 0.75 3.47
rn..i

RAPIUN-228 28 1.10 3.07 14.30
.... i • . i i

STRONTIUN-90 28 0.37 1.72 8.02
r ,.

THORIUM-228 28 0.20 0.47 2.19
ill i i

THORIUM-230 28 0.69 1.00 4.67

THORIUM-232 28 0.31 0.42 1.98
....

4.1 Air D_ta

Gross alpha and gross beta data are summarized in Figures B-1 through B-7 of Appendix B

and presented in Tables B-1 through B-7 of Appendix B. Nondestructive measurements of

gross alpha and gross beta activity were performed on air r_ples in the EEG laboratory in

Carlsbad, New Mexico. Following a minimum of 170 hours of decay, gross alpha activity

of air filters averaged 3.38 E-15 _Ci/ml and gross beta activity averaged 2.03 E-14

_Ci/ml. The gross alpha average for EEG samples collected between 1988 arid 1991 was

2.13 E-15 _Ci/ml with a range between 1.35 E-15 _Ci/ml and 3.15 E-15 _Ci/ml. The

gross beta average during the same time period was 2.48 E-14 _Ci/ml with a range

between 1.97 E-14 ,Ci/ml and 3.32 E-14/_Ci/ml. These average activities are consistent

with similar data reportedin EEG-43 (Kenney et al. 1990), EEG-47 (Kenney and Ballard

1990), EEG-49 (Kenney 1991), EEG-51 (Kenney 1992) and DOE preoperational data
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(Reithet al. 1986; Banz et al. 1987; US DOE, WIPP 1988; US DOE, WIPP 1989; and US

DOE, WIPP 1990).

.analytical radiochemistrydataobtainedfrom composites of air filter samples are contained

in Tables A-1 through A-8 of Appendix A. As discussedpreviously, the LLD values are

calculated using activity data from procedureblanks. The reportof thorium decay products

at or above the LLD (Table 4) is consistentwith previously reporteddata collected as part

of the DOE preoperationalbaseline program andpreviously reportedEEG data.

4.2 Water Data

Radiochemistry data provided by the contractor laboratory are presented in Table A-10

through A-12 of Appendix A. Table 4 is a summary of the number of instances where the

WlPP samples exceed or equal the lower limit of detection (LLD or LLDo). The LLD_s

reported for all water data are those provided by the contractor laboratory and are based

upon a standard deviation of instrument background as discussed previously. As additional

proc._ure blanks are provided to the laboratory for analysis, the data base will be used to

calculate LLDs based upon the above method derived from the formula in NUREG Guide

4.14 (US NRC 1980). Radionuclides from the uranium, thorium, and radium decay chains

were reported equal to or above the LLDo, which is consistent with previous work reported

by EEG (Kenney et al. 1990; Kenney and Ballard 1990; Kenney 1991; Kenney 1992) and

DOE (Reith et al. 1986; Banz et al. 1987; US DOE, WIPP 1988; and US DOE, WlPP

1989). Although Pu-238 and Pu-239+240 in water samples collected during 1992 are

reported at activities equal to or greater than the LLDo and in DOE baseline reports (Reith

et al. 1986 and Banz et al. 1987), the use of inappropriate procedure blanks could have
!

resulted in artificially low LLDo values as previously discussed.
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TABLE4. SUMMARYOF RADIOCHEMICALDATAGREATERTHANOR EQUALTO LLD OR LLDc

WATER* SOIL & BZOTA* AIR
NUCLIDE SAMPLES SEDIMENT* SAMPLES SAMPLES

#>LLD©ITOTAL #>LLDJTOTAL #>LLDJTOTAL #>LLD/TOTAL
I i i i ii i

AMERICIUM-241 O/12 NA 0/0 0/32
i i ii ,

CESIUH-137 0112 012 0/0 0132
ii i

GROSSALPHA 8/12 012 NA NA
,,

GROSSBETA 8/12 0/2 NA NA

PLUTONIUM-238 1/12 0/2 0/0 0/32
i ,i ,

PLUTONIUIq-239+240 2/12 0/2 0/0 0/32

RADIUM-226 10/12 NA NA 0/32

RADIUM-228 2/12 NA NA 0/32

STRONTIUM-90 1/12 0/2 NA 1/32
i ii ,

TRZTZUM 0/7 NA 0/0 NA
ii

THORIUM-228 2/12 2/2 NA 2/32
, ,,

THORIUM-230 5/12 212 NA 1/32

THORIUIq-232 6/12 2/2 NA 0/32

URANIUM-233+234 11/12 212 NA NA
,,,,

URANIUM-235 3/12 0/2 NA NA
i

URANIUM-238 10/12 2/2 NA NA

* = LLDc CONTRACTORREPORTEDLOMERLIMIT OF DETECTION
NA = NOANALYSIS

4.3 Soil and SedimentData

Data obtained from radiochemical analysis of soil samples collected approximately 390

meters (1,279 ft) east of the WIPP exhaust shaft and 512 meters (1,680 ft) northeast of

WIPP exhaust shaft are contained in Table A-13 of Appendix A. Radionuclides from the
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uraniumand thoriumdecay chains were detectedat concentrationsabove the contractor

laboratory's LLD_.

4.4 Biota D_ta

There were no biota samplescollected during 1992 due to budget limitations. Collection of

additionalbiota samples during 1993 is planned.

4.5 Station A Air Effluent

Table A-9 of AppendixA contains radiochemicaldata obtainedfrom analysis of air filters

collected from the FAS located in the WIPP undergroundexhaust system, designatedas

station A. DOE has not published radiochemicaldata from FAS filters collected from

station A, therefore comparisonwith other data is not possible.

5.0 QUALITY ASSURANCE

Qualityassurance (QA) for the purposes of this report is defined as the use of standardized

practices and proceduresto assure that the highest level of quality is maintainedfor the

data. The QA programconsists of an ongoing comparison of analytical data with previous

data collected by EEG and other organizations, review of radiochemicalquality control,

submission of blank samples, recognized reference standardsand the use of accepted

practices for sample acquisition, handling and analysis.

The procedures used for sample acquisition, handling, and screening are contained in the

Environmental Evaluation Group's EnvironmentalProceduresManual (EPM). This manual

is based upon widely recognized procedures such as American Public Health Association

(1971), U. S. Environmental Protection Agency (1989), and Corley et al. (1981).
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The EnvironmentalEvaluationGroup's contract laboratoryfor radiochemical analysis of

environmentalsamples maintainsa separateQA program. The majorcomponents of the

contractorprograminclude periodic calibration of counting instalments using standards

traceableto the National Instituteof StandardsTechnology, routine determinationof

chemical yields, and frequentassessmentof the quality of reagents. The contractor

laboratoryparticipatesin the Crosscheck Laboratory IntercomparisonProgram, which is

administeredby the U. S. EnvironmentalProtection Agency, and the U. S. Departmentof

Energy QualityAssessment Program.

EEG conducts auditsof the procedures, datareduction techniques, quality assurancecontrol

plan, qualityassurance manual checklist and the annual QA inspection reportused by the

contractlaboratory. In addition the EEG reviews the performance of the contract

laboratory in the DOE Quality Assessment Programand the EPA Crosscheck Laboratory

IntercomparisonProgram.

6.0 CONCLUSIONS AND RECOMMENDATIONS

The data contained in this report continue the measurement of baseline of radionuclide

concentrationsin certaincritical environmentalmedia on and in the vicinity of the WIPP

facility. The datafound in this reportclosely parallel those found in previous reports

generated for the WIPP site (Reith et al. 1986; Banz et al. 1987; US DOE, WIPP 1988; US

DOE, WIPP 1989; Kenney et al. 1990; Kenney and BaUard1990; Kenney 1991; Kenney

1992) in terms of preoperationallevels of the primordial and fallout radionuclides in the

WIPP environment. The average gross alpha concentrationin air particulatesamples

collected by EEG between 1986 and 1991 was 1.81E-15 _Ci/ml with a high of 3.15E-15

_Ci/ml and a low value of 1.53E-15 _Ci/ml. The average gross alpha concentrationin this

report was 3.38E-15/_Ci/ml. The average gross beta concentrationreported by EEG

between 1986 and 1991 was 2.51E-14 _Ci/ml with a high value of 3.32E-14 _Ci/ml

reportedduring 1988 and a low value of 1.97E-14/_Ci/ml reportedfor samples collected
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during 1990. The 1992 gross beta average of data in this report is 2.03E-14/zCi/ml. The

above gross beta and gross alpha average concentrationsreported for 1992 are consistent

with previous data reportedfrom the EEG environmentalmonitoringprogram.

In order to obtainimproved laboratorydata quality, EEG will perform analysis of all

environmentalsamplescollected after Januaryl, 1993, in it's Carlsbad radiochemistry

laboratory. Revised detection limits will be established for the new measurementsystems.

However, other problems associated with measuringvery low levels of radionuclides in

the environmentwill continue. One purposeof conductingenvironmentalbaseline

measurementsis to better understandthese uncertaintiesbefore waste arrives at the WIPP

facility.
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