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ABSTRACT

An intensive site survey and on-site analysis program were conducted to
evaluate the distribution of four radionuclides in the general vicinity of
Gallup, Wew Mexico, subsequent to the accidental breach of a uranium miill tail-
ings pond dam and the release of a large quantity of tailings pond materials,
The objective of this work was to determine the distribution and concentraticn
levels of 210pp, 226gs 230y, 4ng 298
cent to the uranium tailings pond {pipeline arroyo} and in the Rio Puerco

U in the arroyo that is immediately adja-

arroyo into which the pipeline arroyo drains. An intensive survey between the
United Nuclear Corporation (UNC} Church Rock Mill site and the New Mexico-
Arizona state border was performed. Sampling locations were established at
approximately 500-ft intervals along the arroyo. During the weeks of Septem-
ber 24 through October 5, 1979, a series of samples was collected from alter-
nate sampling locations along the arreyo. The purpose of this collection of
samples and their subsequent analysis was to provide an immediate evaluation of
the extent and the levels of radicactive contamination, The data obtained from
this extensive survey were then compared to action levels which had been pro-
posed by the Nuclear Regqulatory Commission and were adapted by the New Mexico
Environmental Improvement Division (NMEID} for 230Th and 226Ra concentrations
that would require site cleanup.

The Pacific Northwest LaboratoryfNuclear Regulatory Commission mobile lab-
oratory van was on-site at the UNC Church Rock Mill from September 22, 1979,
through December 13, 1979, and was manned by ane or more PNL personnel for all
but four weeks of this time period. Approximately 1200 samples associated with
the Rio Puerco survey were analyzed in the laboratory. An additional
1200 samples related to the Rio Puerco cleanup operations which the United
Nuclear Corporation was conducting were analyzed on-site in the mobile labora-
tory. The purpose of these analyses was to determine the effectiveness of the
cleanup operations that were ongoing and to evaluate what additional cleanup
would be required. This on-site analysis of radicactive contamination consti-
tuted the principal task of this project, with the identification of those por-
tions of the arroyo exceeding the NMEID proposed ¢leanup criteria being the



major output. Additional tasks includes an evaluation of the inmitial spil
sampling scheme {letter from T, Wolff [NMEID] to J. Abiss [UNC], cated Septem-
ber 25, 1979) and the proposed NMEID verification sampling scheme {letter from
T. Bunl [NMEID] to H, Miller [NRC], dated April 23, 1980).
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EXECUTIVE SUMMARY

On July 16, 1979, a break in the tailings pond dam of the United Nuclear
Corporation's Church Rock, New Mexico, mill occurred. Approximately 94 millicn
gallons of the tailings liquid which had been impounded behind this dam were
released into an adjacent arroys along with an estimated 1,100 tons of tailings
splids. The spilled solution traveled down the so-called “pipeline arroyo" and
inte the north branch of the Rio Puerco arroyo. Beyond this point it continued
past the locatien where the north and south branches of the Rio Puerco join
immediately northeast of Gallup, New Mexico, continued across the remainder of
the state of New Mexice, and extended into the state of Arizona for -20 to
25 miles, where the flow of the Ric Puerco terminates.

In September, 1979, Pacific Northwest lLaboratory (PNL} responded to a
request from the New Mexico Environmental Improvement Division and the U.S.
Nuclear Regulatory Commission (NRC} to provide immediate gn-site sampling and
radionuclide analysis capability. The principal objective of PNL'S work
on-site at the United Nuclear Corporation mill was to provide capabilities for
immediate analyses of samples which had been collected from the Rio Puerco
environment. The conditions for sample preparation and sample analysis were
optimized <o that the total amount of timeé required from the time the sample
was collected until the datg regarding radionuclide concentrations for that
sample were available could be less than 48 hours. The concentrations of
EIGPh 226Ra, 230Th, a5 238

the Rio Puerco contamination and from subsequent ¢leanup operations initiated

. U were determined in ~2400 samples from a survey of
by the United Nuclear Corporation. The purpose of these later analyses was to
determine the effectiveness of the cleanup operations that were ongeing and to
evaluate what additional cleanup would be required. This on-site analysis of
radioactive contamination constituted the principal task of this project, with
the identification of those portions of the arroyp exceeding the NMEID preposed
cleanup ¢riteria being the major output. .

The following conclusions have been drawn as a result of the investigation
of the Church Rock uranium mill tailings pond dam failure:



On-site use of planar intrinsic germanium detectors provides adequate
sensilivity and short analysis times for quantitation of 2wa,

226Ra, 230Th, and 238U in sedimentsfsails,

The original sampling plan, which consisted of collecting surface
sotlfsediment samples "at 1000-ft intervals, was adeguate to determine
those areas which were contaminated and required c¢leanup.

Clustering of samples within arroyo reaches defined by physical (mor-
pholegical) features would provide a better estimation of the radio-
nuclidge sgatial variability than dio the sampling pattern which was
used and which was based on equal distance increments.

The revised Rio Puerco cleanup criteria proposed by the NMEID are
statistically adequate.

210 226 238

Concentrations of Pb,

length of the arroyo are not distinguishabte from natural background

Ra, and U in sampies throughout the

concentrations.
Cancentrations of 230Th range from background Tevels to levels
elevated considerably greater than background. Plots of 230Th con-

centraticns versus distance from the tailings pond show high varia-
bility. Therefore, a statistical smoothing function was applied to
the data to facilitate interpretation.

Sediment samples from twe site-variability studies indicate that
there s considerable 230Th concentration variability within even
Timited areas of the arroyo {i.e, 5-ft sguare grids and 25-ft square

grids).

The concentrations of 230Th in the Rig Puerco show an apparent
periodicity as a functan of distance. This period is ~2.5 km,

230Th in the Rio Puerco from sam-

The estimatea total inventory of
piing stake 0-491 is 26.8 Ci, based on data from the upper two feet
of the core samples. The inventory based on data from the first-

terrace and second-terrace samples {(upper two inches} is 4.9 (1. The

¥111



10,

11.

total inyentory of 23E’Th background in the upper two inches of arroyo

segiment is estimated to be 0,30 Ci.

Present inability to differentiate between natural background 23{}Th

and contamination-derived 23{]Th prohibits a clear definition of the
230Th inventory from the tailings pond solution,

Sediment samples from the Grand Canyon National Park show no radionu-
clide levels in excess of normal background.

ix
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INTROQDUCTION

On July 16, 1979, a break in the tailings dam of the United Nuclear Cor-
poration's {UNC) Church Rock, Mew Mexico, mill occurrea. Approximately 94 mil-
Tion gallons of the tailings liquid which had been impounded behind this dam
were released into an adjacent arroyo. An estimated 1100 tons of tailings
50%10s alse emptied from the dam into the adjoining toe dam and subsequently
into the adjacent arroyo. A typical composition of the UNC tailings pond solu-
tign is listed in Taple 1., The spilled soclution traveled down the so-called
"pipeline arroyo" and into the north branch of the Rip Puerce arroyo. Beyond
this point it continued past the location where the narth and sguth branches of
the Rig Puerco join immegiately northeast of Gallup, New Mexico, contipued
across the remainder of the state of New Mexico, and extended into the state of
Arizona for =20 to 25 miles. At that point the flow af the Rio Puerco termi-
nates. Figure 1 shows the Tocation aof the Rio Puerco in New Mexico.

Subsequent to the release of this tailings pond solution several organiza-
tions began environmental sampling and monitoring programs. These organiza-
tions in¢lude the U.S. Environmental Pratection Agency, the New Mexico
Environmental Improvement Division (NMEID), and persennel from the United
Nuclear Corparation mine and mill at Church Rock. Intermittent samplings of
soil, water, and air were performed by these organizations between July 16,
1979, and the middle of September, 1979. At that time Pacific Northwest
Laboratory (PNL} responoed to & request from the U.S. Nuclear Requlatory Com-
mission to provide immediate gn-site sampling and radianuclide analysis capa-
pility. The principal objective of PNL's work on-site at the United Nuclear
Corporation mill was to provide capabilities for immediate analyses of samples
which had been collected from the Rig Puerco environment. Secondarily, assis-—
tance and advice on sampling methodology were requested. The conditions for
sample preparation and sample analysis were gptimized so that the total amount
of time required from the time the sample was ¢ollected until the data regard-
ing radionuciide concentrations for that sample were available could be less



TABLE 1. Representativelfinalysis of UNC Tailings Pond Solution*

Concentration
Constituent (mg/1 unless noted otherwise)

Arsenic 0.07
Barium <0.1
Chloride 50.0
Chromium . 0.1%
Cobalt ' 0.95
Fluoride ¢.47
1ron 157 .5
Lead 0.20
Magnes ium 50.8
Mangarnese 14.0
Mol ybdenum 0.04
Nitrogen (Ammonia) 47.6
Nitrogen (Nitrate} 1.9
Nickel 0.32
pH 1.92
Sadium 518,
Sulfate 4802,
Total Uranium 4.09
Total 2%%ra 209.5 pCi/)
Total 2%7h 10225.2 pCif}

*Sample collected February 5; 1979 Oata provided by
R. W. Miller, United Nuclear Corporation.

226 230

Ra, Th, and
mined. Approximately 100 samples pev day could be analyzed in the mobile lab-

238

than 48 hours. The concentrations of Elapb, U were deter-

pratory facility that was placed on-site,






EXPERIMENTAL METHODS

SAMPLE COLLECTION

The United Nuclear Corporation establishea permanent sampling sites from
the point of the tailings dam break downstream to the Arizona-New Mexico bor-
der. These sites were established at approximately 500-ft intervals and were
marked by the positioning of a stake on both sides of the stream. The first
305 sampling cross—-sections were surveyed s0 that their exact positions could
e noted on aerial photographs. From this survey the exact downstream distance
of each of these sampling locations was determined. {The remaining sampling
locations [through Stake No. 491] were not surveyed and, therefore, their loca-
tions cannot be accurately and precisely depicted on aerial photographs.} The
New Mexico Environmental Improvement Division sampling protocol required that
‘ samples would be taken at every other stake location, or at approximately
1000-ft intervals, along the entire potentially contaminated watercourse. (The
exact sampling protocol required by the NMEID is listed in Appendix A of this
report. )

A series of sample types was collected at each of the designated sampling
locations. These various samples were intended to represent different terraces
within the arroyo boundaries (the first terrace is the small plateau immedi-
ately adjacent to and higher than the water flow; the second terrace is the
next well-defined, higher plateau proceeding away from the water flow}, samples
from locations of suspected high radionuclide concentrations, samples from
areas where pools of suspected contamination had been observed, sediment core
samples to evaluate potential penetration of contamination inte the arroyo bot-
tom, and samples intended to represent background radionuclide levels along the
length of the arroyo.

Surface samples of soil or sediment were collected using a standardized
¢ylindrical scoop of 10.16 ¢m {4 in.} diameter and 5 cm (2 in.} height. At any
given sampling location three or four of these standardized scoop samples were
composited to provide a total of approximately 1000 g of sample material. At



selected locations soil cores were collected using a standard coring device
cunstructed of PYC pipe. The 501l cores were divided into 1-ft intervals to a
total depth of 2 feet.

Some samples of streambed sediment weére also obtained from the Grand
{anyon National Park through the efforts of National Park Service employees.
These samples were generally collected from backwater areas of the main stream
of the Colorado River and from the Little Colorado River and represent samples
from the sediment-water interface areas. The exact sampling locations are
shown in Figure 2.

PREPARATION OF SAMPLES FOR THSTRUMENTAL ANALYSIS

The soil ar sediment sample as received in the labgratory was split inte

two portions. One portion weighing approximately 750 to 800 g was double plas
tic bagged, weigheag exactly, and sent to the mobile laboratory van for 226Ra
analyses in a 9-in, Hal crystal well counter. A secCond sample weighing
approximately 150 to 200 g was weighed exactly, oven dried overnight at 110°C,
and then weighed 2xactly again. Tnis dried sample was then pulverized with a

mortar and pestle to a uniform particle size. An aliquot of 80 g of thisg

ground soil sample was mixed with 9 g of binder material (either cellulose pow
der pr powdered sugar was used). This sample was then placed into a hardened
steel aie which, in conjunction with a 25-ton press, was used to press the
sample plus binder into a 2-in.-diameter pellet. The pressed pellet was then
double plastic wrapped and sent to the mobile laboratory van for instrumental
analysis,

Those samples processed prior to October 4, 1979, were split in the above
described fashion. At that time it was determined that the analysis of the

EEERa content was not

large volume sample by the 9-in, well counter for
required. Counting sensitivities were such that all radionuclide concentration
data could be obtained from the pressed pellet sample. Therefore, splitting of

the sample to provide a 750- to 800-g aliquot was no longer performed.
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INSTRUMENTAL ANALYSCES OF RADIQONUCLIDE CONCENTRATIONS

Detector Types

Two detector types were employed for the on-site instrumental analyses of
the radionuclides of interest in the Rio Puerce envircnmental samples. These
included a 9-in, Nal crystal well counter and two planar intrinsic germanium
detectors of 19-cm2 surface area. The two intrinsic germanium detectors were
housed in 4-in. lead caves in the mopile laboratory van; the Nal detector was
housed in a 2-in. lead cave. A)} detectors were connected to equipment for

data storage and printout.

Initially the 9-in. Nal crystal well counter was used to measure 21081

cencentrations. This 1s a daughter product which is in secular equilibrium
with the 22ERa isotope of interest in samples which have been sealed for

30 days or more. A large sample volume of approximately 750 g was counted in
this detector. This sample size pravided a very high sensitivity for 226Ra,

with a 1imit of detection of <1 pli/fg.

Two other solid state detectors were also employed for the instrumental
radionuclide analysis. These were nearly identical 19—Cm2 planar intrinsic
germanium crystal detectors. These detectors have a very high efficiency for
detecting x-rays and low energy gamma rays and were used to quantify the con-
centrations of 210Pb, 23ﬂ‘.rh. and 238U [23aTh} or 235U initially. At a later
stage in the program (subsequent to October 4, 1979) the 226
were also obtained from the sample counts on these intrinsic germanium detec-
tors, A sample of the spectra obtainea from a 1000-sec count of a sediment

sample from the Rio Puerco is presented in figure 3. The peaks used for

Ra concentratians

quantitation of the four radionuclides are shown.

226

Calibration of 9-in. Nal Well Crystal for Ra Quantitation

The calibration of the 9-in. Nal well crystal for the quantitation of
Ra in large volume s0il samples {~750-g samples) was performed using a Ra
standard which had been added to samples of dunite (a low background mineral}.

The spiked dunite samples were sealed into aluminum cans {to prohibit loss of
222

226 226

Rn gas) which were approximately the diameter of the well in the Nal crys-
tal. Three cans were then stacked {with intermediate spacers) to produce a
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standard conforming to the sample geumetry. ODuplicate standards were prepared

226 21451

fer this calibration. The gamma ray spectrum from a Ra daughter,

¥

was used for quantitation purposes,

Calibration of Intrinsic Germanium Detectors

A standard pitchblende sample of known radionuclide concentrations which
had been obtained from Claude Si11 at the Department of Energy Idaho Falls
facility was used for calibration of the planar intrinsic detector systems., A
sample of solid tailings material from the UNC tailings pile was also used in
the calibration and oaily instrumentation checkout processes, Since the
quantity of standard pitchblende available was not sufficient to prepare a pel-
let containing 60 g of sample, a pellet containing approximately 10 g of pitch-
blende material plus binding material was prepared. An identical weight of
tailings salids and binder was then prepared in a second pellet. Duplicate
pellets containing 63 g of tailings and 9 g of binder were also prepared, The
counting efficiency factors for each of these pellets was determined for the
four radionuclides of interest. From the ratio of the factors for the 10-g and
60-g samples of tailings material the efficiency factors for a 60-g pitchblende
sample were calculated to provide the necessary calibration data.

Selection of Counting Time Interval

A requirement to analyze as many samples per day as was possible dictated
that the shortest counting time which would meet our data reparting require-
ments be selected. The criteri. for data reporting was that the 1imit of
detection for 230
230th content

Th be 30 pCifg. In other words, for a sample with a very low

30 pCifg > 2 x \IZEGTh Concentration + System Background

fn estimation of the ¢ounting time necessary to achieve this sensitivity was
obtained from efficiency factors determiped for the 69-g pellet geometry placed
directly upon the intrinsic germanium diode surface and from counts of repre-
sentative background samples. The counting time chosen for routine measurement
of the 69-g pellets was 16.67 minutes (1000 sec).

10



Reporting of Uranium Anaiysis Data

Uranium data which weére obtained from direct counting of the samples on
the intrinsic germanium detectors were reported in two different manners. Ini-
tially (from September 23, 1979, to October 16, 1979) the vranium concentra-
tions were reported as 235U and waere based upon quantitation of the 163.4-ke¥
peak., Since only approximately 5% of the decays go through this energy and
235U has only a 0.72 isotopic abundance, the limit of detection when using
this peak 15 rather high, and the counting error associated with the concentra-
tion estimate is large. Sufficient data were available by mid-October tp aliow
the measurement of 25°Th for 299U quantitation. Therefore, the method of
quantifying the uranium concentration was changed to one using two gamma rays
{at 63 and 23 keV¥) from 234

mathod assumes secular equilibrium between the parent
234
Th.

Th and reporting the concentrations as 238U. This
238U and the daughter
Alsg implicit in this approach is the assumption that all 234Th in the
sample came from 238U in the sample. This situation might not be met if a
solution rich in thorium had recently been separated from the uranium, released
into the environment as during the tailings pond dam failure, and analyzed
relatively spon after the initial Th/U separation. Since the half-life of
234Th is approximately 24 days, wore than three half-lives had passed between
the time of the tailings solution release and the time that we began to use the
234Th measurement for the 238U gquantitation. Also, the 94 x 165 gallons af
tailings solution that were released by the dam failure represents a uranium
mill waste composite of at Jeast 104 days of operation. Hence, there was con-
siderable time for any excess 234Th present in the solution to decay prior to
the time that the Rio Puerco soilfsediment sampies were analyzed, Addition-
ally, any excess 234Th in the solutign that contaminated the sediment/soil
samples would serve to overestimate the actuai 238U concentration of the
sample. That is, any errors would be in a conservative direction and would

serve as an additional safety precaution.

i1



STATISTICAL METHODS

Data Hanaling

The descriptive statistical effort for the data consisted of three steps
and made extensive use of PNL's computer facilities. The first step involved
data editing for the purpose of correcting errors and arranging the data in an
order convenient for plotting. The second step consisted of computing summary
statistics such as group means and confidence intervals and of filtering the
data. The third step was to plot the data for graphical presentation.

Most of the data were received from the state of New Mexico Envirgnmental
Improvement Division on 80-column punched cards. The first set of cards was
followed by about 100 additions and numerous corrections given to us as list-
ings of the new oata. To all of these data we added the distances from stake
zero which were determined from maps. The data were first stored as a file on
the high speed disk at the central computing facility. Backup copies were
stored on mini-floppy disks kept in offices. The data editing step was imple-
mented using a specially written BASIC language program, This program per-
mitted an interactive examination and editing of the data for any sample. The
program was used to correct later errors and to add new sample data to the com-
puter file.

After the data were edited, several small BASIC and FORTRAN lanquage pro-
grams were written to calculate confidence intervals and local averages and to
filter the data. These programs utilized the stake and sample type coding
developed by the NMEID to simplify the selection of samples for each computa-
tion. The output of these programs was alsg stored on computer disk.

The final step was to present the data, displayed in a manner convenient
for human use. One special purpose and one general purpose computer program
were used for this step. The special purpose program simply reformatted the
data, mostly by inserting spaces between the columns of data and by replacing
the missing value c¢odes with blanks, then printed a 1isting of the data. The
general purpose program was used to produce plots of the data. The program
used was BMDPED, the scatter plotting program from the UCLA Biomedical
Computer Programs P-series. For this work the program was used to plot

12



radionuclide concentrations against distance along the arroyo. Plotting on a
computer line printer was used since this is much faster and much less expen-
sive than wsing an x-y plotter, The program finds the subset of data to use
for each plot, computes summaries and descriptions of each plot, and automatii-
cally annotates the axis of the plots. BMOP&D was used to produce all the
plots of data used during the preliminary data analysis steps. The final data
presentations were produced using an x-y plotter,

Data Smoothing Functions

Two types of data smoothing functions were used. The first of these was a
weighted average type of smoothing, This weighting was performed between
samples collected at individual sampling locations., (Unweighted averages were
used when combining data from different sampling locations.) This type of
smoothing considers the more precise sample measurements {those with smaller
counting errors) to be more important than the less precise sample values
{those with higher counting errors). Data were first segregated by sample type
or sampling site so that all like samples were analyzed independently of all
other types. Replicates at edach sampling site were then averaged. The stan-
dard statistical weighting factors are the inverse of the variances {counting
errors squared]. Let Il, I xn represent the replicates for one type of
sample at one sampling point and Sl, seeg 3
ing errors, Then the weighted mean is:

gjlx/sz
)E 1/52

=1

0 represent the corresponding count-

..l

—_

and the corresponding standard error of the mean is:

1

= 2
2. 1/5i
1=1

S.E. =



Under the assumption that at each sampling point the replicates are sampled
from the same statistical population, it is inappropriate to include a between-

samples term in this standard error,

A second type of smoothing was performed, again for each type of sample,
over a few successive sampling points. One of the simpliiest Tow pass filters
of time series analyses was used called a "First Order Low Pass Filter" {Ontes
and Enochson 1978, Chatfield 1975). It is computed by:

?j = (a)Zj + (l—aJYj_l
where Z\j is the series of data values, Yj is the series of filtered data
values, and "a" is the filter factor. A filter factor of 0.25 was used to fil-
ter both the weighted means and standard errors of the means. This value for
the filtering factor was determined by repeatedly evaluating the data for the
first 10,000 m of the arroyo with various filter factors then arbitrarily
choosing what subjectively was the "best" filter factor value. The "a" value
was chosen to just average out noise but not remove any significant patterns
from the data. This filtering scheme uses data from a few previous data points
with an exponential weighting scheme. Data points more than 5 to 8 prior to
the current point are essentially swamped out or weighted as almost zero so
that they no longer influence the computations., This smoothing also gave esti-
mates ¢of the standard error of the smoothed averages, and these were used for

the approximate confidence intervals plotted.
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EVALUATION OF INSTRUMENTAL COUNTING CAPABILITIES

2¢b

MEASUREMENT OF Ra

Measurements of 226Ra were made on-site using either of two systems, a

9-in, Nal well c¢rystal and lg-cm2 planar intrinsic germanium detectors. The
226Ra decay was used for guantitation by the intrinsic
detectors. For the Nal measurements ZZGRa itself was not measured but rather
the y rays from a daughter product, 21431, were quantified, In order to calcu-
late the 226Ra concentrations from measurements of this type it must be assumed
1] that the 218 22604 and 2) that one of the

226 n, a gas, 1s not lost from the sample during the decay to
2l4a

186 ke¥ v ray from

Bi 15 in secular equilibrium with
Ra daughters, 222R
Bi.

To evaluate the validity of the assumption that no radon gas is lost from
the sample after it has been pressed into a pallet, several samples were spaled
into individual aluminum cans, which are known to retain radon gas. The
samples in these cans were then counted on a multi-dimensional Nal detector
system [see Wogman et al. (1967) for a complete description of this counting
system] at several different time interyals to determine if the apparent 225Ra
concentration varied as a function of time. In addition, other subsamples from
these individual samples were also counted at the Church Rack site in the 9-in,
Nal well counter. The data from this series of counts are presented in

225Ra concentration increased in each of the seven

Table 2. The apparent
samples tnat were examined. This increase ranged from 5% to 37% of the origi-
nal 226Ra concentration measured. These data indicate that during the oven
drying, sample pulverizing, and pellet pressing operations that prepare a pel-
letized sample for instrumental counting there is some loss of 222Rn gas from
the sample into the laboratory envirconment. Based on data from these seyen
samples it would appear that while the loss is definitely measureabie it is not
of such magnitude as to affect the overall interpretation of the data gathered

from direct counts on nonsealed pellets,

Table 2 also shows a comparison of the radium cancentrations determined
for the sealed samples versus those determined for unsealed samples in the
9-in. well counter. There is, in general, good agreement between the data

15
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TABLE 2. <¢26Ra Concentrations Measured in Sealed and Unsealed Samples

Unsealed Samples

Sealed Samples* Intrinsic
Muiti-dimensional Counting System 9-in. Well Counter Germanijum Detector
226g . 226Ra ZZERa
Date Concentration Date Concentration Date Concentration
Sample Counted plifg Counted pCi/g Counted pLi/g
203-L 10/03/79 ©0.87 ¢ 0.012 09/28/79 0.75 £ 0.12

10/04/79 0.8% + 0.011
10/06/79 0,91 = 0.012

210-L 10/03/79  8.24 + 0.039 09/28/79 6.8 + 0.70 09/10/80 b+ 4
1040475 8.85 = 0.038
10/05/79  8.94 + 0.036
08/11/80 10.5 = .21

217-L 10/03/79 3,13 = 0,027 09/28/79 2.2 * 0.23 09/10/80 5.6 £ 2.3
10/0477%  3.27 = 0.026
10/05/79  3.40 = 0.025
08/24/80 3.88 = 0.078
224-L 1040279 1.14 = 0,013 09/28/79 0.76 * 0.11 0%/10/80 2.3 = 2.2
10/24f79 1.34 = 0.058
08/25/80 1.43 = 0.029
EID 8-B 10402479 2.08 + 0.024 0927179 2.5 = 0.3§ 09/10/80 3.7 £ 2.5
10/24479 2.69 = 0.029
08/22/80 2.84 + 0.057
JDZ Mud Cracks 10/02/79 4.07 + 0.033 09/28/79 5.5 %+ 0.63
10/24779  4.74 = (1,098
08/21/80 4.95 = 0.099
J0 3-8 10403479 1.87 = 0.027 09/28/79 1.6 + 0.19
10404779 1.89 + 0.026
10405/79 1.98 * 0.026

*Samples were sealed in cans on October 1, 1979,



ghtained from the twg types of counting systems and two types of sample con-
tainment systems., Additiona) data presented in Table 2 show the comparisons

Ezﬁﬁa concentrations determined by intrinsic germanium detector

between the
systems and by the multi-dimensional counting systems, the most accurate method
of determination. These data indicate that the intrinsic germanium detectors
do give reliable egstimates of EZERa concentrations in pressed soil pellets.

For three of the four cross-checks of the determinations by the intrinsic
detectors, the original intrinsic counts yielded conservative, slight overesti-

mates of 226

Ra concentrations. These relatively minor deviations are offset by
the sensitivity and convenience of using the intrinsic detectors as tools for

rapid radiclogic assessments of environmental samples.

EFFECT OF COUNTIRG TIME

The 1000-sec counting time that was used routinely for on-site sample
analysis was selected based upon the criteria which would provide a 1imit of

230Th concentrations of approximately 30 pCifg. To compare the

detection for
counting statistics precision for these short counts with what might be
obtained for the same counting systems using a longer counting time, several
sampies were counted for both 1000-sec and longer counting intervals. The data
from these counts are given ip Table 3. These data are for two sets of
samples; one of these sets of eight samples was counted for intervals of

1000 and 2000 sec. Some improvement in counting statistics was obtained by
this doubling of the counting time, For some of the 23OTh concentrations which
were measured, significantly different concentrations were calculated for the
1000- and 2000-sec counts; however, in all cases the twoc sigma confidence
intervals did overlap. Also presented in this table are some data comparing
1000-se¢ counts with ~500-min counts on six individual samples. Similar data
are obtained. The counting statistics on the longer counts are considerably
better but the concentrations of the radionuclides generally are not signifi-
cantly different at their two sigma values. (However, one set of 230Th and
four sets of 233U data were significantly different.) The primary net effect
of counting samples for a longer period of time is to proyide a narrower confi-
dence interval for the data which are reported. Since one of the overriding
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TABLE 3. g£ffect of Counting Time on Precision of Sample Analysis

[sotppe Concentration——pCifg

SAMPLE  Counting Time 2°0Th ot  “Ppa s o 210pp e, 238 .,
0-4-D-5-1 1,000 Sec 15 * 9.8 NOY 4.3 % 1.2 -1.1 +0.99
28,100 Sec 20 # 2.5  0.50 £ 0.40 2.8 + 0.30 4.7 % 0.30
0-3-D-5 1,000 Sec 3.7 # 8.7 ND 2.8+1.1  1.4%0.92
27,600 Sec 12 * 0.30 0.60 £ 0.30 2.3 £0.20 3.2 # 0.20
0-2 1,000 Sec 17 * 8.6 ND 1.1 £ 0.93 0.0 # 0,88
27,100 Sec 9.0 % 1.6  0.30 £ 0.30 1.5 £ 0.20 3.9 + 0.20

0-4 1,000 Sec 10 £ 9.1 ND 1.0 £ 0.95 0.90 * 1.0
27,100 Sec 18+ 1.7 0.70 #0.30 2.5 £0.20 3.2 # 0,20

0-3-0-3 1,000 Sec 19 # 11 ND 1.3+ 1.7 -0.20 ¢ 1.1
30,700 Sec 10 # 1.0  0.30 £ 0.20 1.1 £ 0.10 2.6 * 0.10
0-4-D-5-4 1,000 Sec 23 * 13 ND 4.4 £ 1.7  -1.6 * 0.91
30,760 Sec 13+ 1.4 0.30 £ 0.20 1.5*0.20 3.1 #0.10

£10-1001 1,000 Sec 250 # 56 150 £ 16 190 £ 7.2 330 = 7.8
2,000 Sec 200 % 52 130 # 11 200 £ 6.8 340 % 6.8

£10-1002 1,000 Sec 90 * 66 120 = 14 140 = 8.6 280 * 8.6
2,000 Sec 210 = 36 100 = 9.9 140 + 4.5 240 = 4.5

£10-1003 1,000 Sec 130 + 43 7912 88452 170 5.8
2,000 Sec 110 = 29 794 8.1 93+ 3.7 160 + 3.7

£10-1004 1,000 Sec  -30 + 39 37 £ 8.3 57 %5.2 95 + 5.1
2,000 Sec 61 % 27 41 £ 6.8 54 « 3.8 94 + 3.6

£ 10-1005 1,000 Sec 0.0% 11 -0.50 1.6 1.9%0.90 3.0+ 1.1
2,000 Sec -4.3 £ 5.9 0.45= 1.2 1.7+0.76 3.2 + 0.69

£10-1006 1,000 Sec 12 & 11 1.0%1.9 2.921.5 4,52 1.3
2,000 Sec 9.3 % 6.2 0,18+ 1.1 1.5%0.63 1.5 % 0.65

£10-1007 1,000 Sec 2.5 # 11 41420 1.7%1.1  2.4%1.0
2,000 Sec -8.0 £ 7.8 0.350.40 1.6+ 1.0 2.9 + 0.90

E[0-1008 1,000 Sec  -5.3 # 12 4.6%1.8 59=1.5 1.3#1.4
2,000 Sec -7.1 +7.7 1.2+1.3 4.240.95 3.0 + 0.9]

l-o——counting error.
2-ND--not determined.
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criteria in our on-site analysis program was to process and analyze as great a
number of samples as was possible while stiil meeting the 30 pCifg 2307y detec-
tion 1imit, we Chose to use the minimum counting time possible. This was the
1000-sec counting time.

REPLICATE COUNTING OF SAMPLES

The data which werg obtained from the short versus long counting time
studies indicated that concentrations reported could be highly variable for
some isotopes in some samples. To obtain a better indication of the varia-
bility that could be expected, each of two samples was sequentially counted
seyen times. The data from this study are presented in Table 4. The greatest
variability was shown for the calculated concentrations of 230Th. These data
indicate {Sample APR-106-P-11) that it may be possible to underestimate the
230Th concentrations such that they appear not to exceed the cleanup criteria
when in fact they do. For this reason samples that may be used to identify
regions requiring a significant amount of cleanup activity should be counted
for a longer period of time in order to obtain better counting statistics.
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TABLE 4. ¥ariability of Short Counts on Individual Samples—
1000-5ec Counting Time

Isotope Concentration--pCifg

230 EZERa 1 210 EBBU

SAMPLE Th + ¢ * g Ph ¥ g g
APR-106-P-11 37 £ 13 —0.70 + 2.5 6.5 * 1.4 11 + 1.4
46 + 13 -0.50 = 2.5 7.3% 1.4 7.2 + 1.4

gl + 14 2.2 £ 2.4 9.0 + 1.5 10 *+ 1.5

31 13 1.2 = 2.5 5.4 = 1.6 5.3 % 1.4

46 + 13 -0.40 + 2.4 7.7 1.4 8.1+ 1.4

27 = 13 2.8 ¢ 2.7 5.8 % 1.4 6.5+ 1.4

3 a1 = 13 1.8 2 2.3 9.0 * 1.4 6.3 * 1.3

X %5 44 = 18 0.29 = 1.7 7.2 1.4 7.7 £ 2.0
APR-106-T-11 T 21+ 12 1.2 = 1.8 -0.60 = 1.4 4,2 £ 1.2
5.3+ 13 1.3 £ 2.0 2.7 1.5 4,5 * 1.4

11 £ 11 3.1 £ 1.9 1.2 = 1.4 3.9+ 1.2

5.3 % 12 2.4 + 1.6 3.3 2.3 2.4 % 1,2

0.70 + 12 6.80 = 1.9 1.5 % 1.4 3.4 + 1.4

* 11 % 10 1.3 = 1.6 1.5 # 1,3 3.2 % 1.3

o 11 * 10 2.6 + 1.9 1.9 + 1.7 3.4 # 1.}

%3 9.1 % 6.8 1.5 £ .8/ I.6*1.2 3.6 £0.7

x

——— ————

1- e—Counting error,
2-ax——between-samples error.
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RESULTS AND DISCUSSION

ANALYSIS OF GRAND CANYON SAMPLES

Eight samples were receivea from personnel of the Grand Canyon National
Park who were conCerned regarding the possible contamination of the Littie
Colorado and the Colerade rivers by the Church Rock Mill taiiings pond solutiogn
since the Rio Puerco is a part of the Celgorado River drainage system, Six of
the samples contained sufficient sedimentary material for instrumental analy-
sis; the remaining two samples {G(-2 and GC-4) were predominately water and
were not analyzea, Counting times were approximately 1000 minfsample. The
data for the radionuclide concentrations in these samples are listed below in
Table 5. These concentrations reflect typical natural background levels even
though these particular samples were collected in areas expected to indicate
the presence of any potential contamination from the Church Rock dam failure.
For comparison purposes, data for all of the background samples callected along
the Rio Puerco are listed in Table 6.

TABLE 5, Radionuclide Concentrations in Grand Canyon Samples--pCifg

Sample Number1 230Th & 02 226Ra £ g 2mF’D + g 238U ol I
Grand Canyon No. 1 0.14 = 1.1 0.42 = 0.29 0.47 = 0.1] 0.42 £ 0.11
Grand Canyon No. 3 -0.14 £ 1.2 -0.47 + 0,33 0.43 * 0,13 0.57 £ 0,13
Grand Canyon No. 5  -2.2 % 1,2 0.46 # 0.21 0.76 *# 0.13 1.1 + 0.14
Grand Canyon No. 6 -0.73 £ 1.3 0.91 £ 0.33 0.98 + 0,14 0.90 = 0,14
Grand Canyon No. 7 -D.0001 = 1.3 1.1 20,35 0.97 = 0,14 0.91 £ 0,15
Grand Canyon No. 8 -1.5+ 1.1 0,33 #0.30 0.89 £ 0,12 0.61 + 0.12

1-Samples No. 2 and No, 4 were predominately water and were, therefore, not
analyzed,
Z-g-COunting error,
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TABLE 6. Rio Puerco Background Samples

STAXE DISTANCE  SAMPLE THAR 1M RabIVA LEAD URARIUM
aD, NETERS TIPE REF. LEVEL'  EXROR?  LEVEL ERROR LEVEL ERROR LEVEL ERROR
¢ % & | -84 7.7 1.5 2 b N ~.B AL
& & b 2 1¢.0 t.S 1.2 o2 1.9 il .0 I
1 i7B & -1.7 1.0 1.4 -2 1.4 1.4 =3 1.2+
1 17k I 1.9 1.0 1.7 v2 2.1 bod -1.3 T.1»
1" L1734 4« | 2%.0 1.0 .1 o1 i.? 1.4 .1 1.1
I 1254 & 2 -3¢ 2.7 1.2 .2 2.4 . 3 .9
21 3235 [ 2.3 [ 4.3 4 .7 .B .1 WA
21 3235 ¢ 2 -12.1 2.2 -7 2.2 =¥ 1.2 | LA
k]| 4704 ¢ 3.7 ¥.0 1.3 o2 -0 1.0 ~.4 T.1e
U 4704 6 2 .2 7.3 8 A 1.7 R 1.4 .9e
11 4221 [ 17.9 ¥.7 1.4 N 1.y 1.0 .20 e
L1 221 ¢ 2 1B.0 12.3 . ¥ .1 1.7 1.5 ~e? 1.0
51 782? 4 | 8.9 13.0 1.% 1.4 -2.8 1.5+
" 431 4 1 -B.7 13.0 1A 1.8 1.4 1.1
n $1071 6 1 -t.t .1 7.4 1.1 1.4 = -~ 55 A
Bl 12718 ¢ 1 -12.¥% B.% .l -7 . Rl
#1 14238 & | -14.% f.8 1.% -2 . .1 S | 1,2
191 15712 ] i 1.7 11.9 ~4,2 2.2 A 14 3 .-
2 18047 ] I -7.9 L 2.9 1.7 1.0 .7 .2 LA
13 20427 & 1 -1,? #.2 1.1 1.3 2.3 1.1 1.8 V.0
13t 20427 & 2 N 12.0 1.4 o2 4.2 1.? -3.8 T.1e
141 21942 & 1 1.0 ¥.2 1.1 (9 1,1 1.0%
141 21942 4 2 =10.¥ 1}.0 4.5 '.B .0 1.4 .7 1.5
141 L1942 a 3 14.0 10.¢ 1.1 1.1 1.9 t.3 21 1.2
151 13404 & . B.Y 9.8 1.0 i.4 a2 }.3 1.4 1.t
k1] 234B4 ¢ 2 -1 7.3 2.4 1.3 -] . 3.4 .9
141 23142 & -4.7 7.5 ~.3 i.7 2.1 1.1»
141 25142 ¢ 2 -8.4 7.3 1.4 B | Av
™M 26712 4 5.0 13.0 =7 1.7 2.7 T.4 1.8 1.3
1¥a 287132 & 2 t.B 7.t -2 1.8 1.7 1.4 4.8 1.3
1723 27313 4 t =a.1 a.7 1.2 .2 1.0 .7 "3 1.1+
173 2y 8 3 3.7 8.7 1.3 2 2.9 1.1 -3 1.t
1 28242 4 0 =B.é 7.7 1.7 1.7 2.4 1.9 2.1 1.8
191 28242 & 2 -4.% 12,0 2.} 1.4 -2 UM E
131 232.2 & 3 =, ?15 z;‘ 1.3 Zl? 1.1 !n‘ t.0
i3] a3l ¢t -27.% 1.0 1.2 1.9 N 1.3 -1.5 1.1
144 29312 4 2 .0 F.4 1.7 .2 $.3 1.9 -3 t.0e
0 2y ¢t -17.9 b 4.3 1.4 -2 1.1+
01 Jtzar & 2 4.0 tEN 1.4 2 2.3 . 1.0 1.0+
m 32473 ¢ 1 3.3 12.0 2.3 1.4 1.0 1.0
21 14327 £ - to.0 1.2 w2 Tk 1.1 .3 .Be

1-Concentration in pCi/fg.
2-Counting error.
*Background data on analysis date or befove October 16.



{contd}

TABLE 6.

-
£

| 4

-

m

-

o
]
—a
o
=
o
-

u-.-

-

wad

P~
el
at
=
Rl
-
.3
=
ot
-

= L

=

[d

-

-«

o 4
ksl
-
b
-
[ ]
.

= w

=

=

3

=

X -

-l“
-
-t
.
e

bt bt

m.

=5

[
—

baed

(=]

“s
it

- Wk

[N

-

[

-

.

- O

L

(* ]

W

aetrecn-ganples cryYor.

& 4 B % % = F ¥ - - - - - # = # = ¥
t?ﬁ?#"ﬂ"zn"nazaI.l-o.n.llnli.z‘n‘rngl-ld‘?o..l‘-tlog
4 r + 0w o= b & % B o® “ 2 & B 4 8 4 & = ® # a2 & 4 & B + 3 4 ¥ 4 =W 4 & 4 =
- — - e e g g - — = g m = - — o g e - — — -t = e N
zoﬁ“.aﬂ.l.‘.?.ﬂi:alt-ztu??ﬂ‘zzn}_?.l.ltul.;.)_ﬂqlalu‘av“zaltél
P e T T T . I R T
t—l t_l- ..-_l 411315-‘.‘.52 ‘._lv_l..__ll._ﬂ-l..- l.-ll..(. L] w— N R ANy
]
tro‘roeclol.-.l‘20'505,5laeolosn‘b?naosloaoab‘n,..6
- - . L . > @ - - - - 4 - . - ]
— - — .Ialal'lllllllllll e e e g e e e - .-lcllr.ololcliulll. -t
-
.-".BGB"?S‘SI‘SJ-}.?Q!’6'?2?“"‘23-"“"‘_.J
' B L . L . v L L * . - . - " - . - ‘ - . - L - = o P
[ T g P QLGP S-S . - - - N e -—— o
— P - — v WY o 'll‘-?aﬂvﬁrﬁ,oloil [ I = - -
= r 1w T v ¥ = & L3 LN B R T ) «. v + F =+ a 1 & & O,
o - - el '21"2'21222 o v W - tltl!‘ol.th
-y - w1 o e @ & wm P AP o D - - O o o ;™
L L B L # & & B L B B B 4 + 1 o2 LI I & 4 & 4 -
— — e R 1 —_ 1 4 == 1 =Y — LI [
]
L] A &y ow - 01-1-0-1-1 L - .
°""!'lzo'sl7&-_°°??,?0029n3’5?'3!3‘903'1
—— - — - — - —— — -~ — -— — -
L
~
,o-.l;o-.lweldnllcvﬂrnsgal"?2?’2’2?'?'°’s°522°-nﬂ
L L " - " L L] - » L . - r L L r - L L - " . . - » -
sn‘...-l.-‘?lii.? .s.l-‘39??'0-{3‘..‘9151’.353]‘15 &
- LI | 1 o= -— - | - -—— I o= 1 L] 1
[ 1 T L}
—— N PR e O o M = N ey - v P v TN O e M e B o P e £ e e OV e = Y e D o e O D
'Y
- D D e e e 3 D WD WD A WD A e D Y A A D ol e oD o ) o D) D =D D 0 D WO 40 D 0 =D - |
e DR D o
B SO W WD G O R
[ R W i
MO0 OO MMM N n
rerary rooor o o W o w oW .ﬁ
IIIII P el e T —— — e w— w— e W w— e w— w— W R g e g e et P R
A A D O P DR e S W oA W) R P D DO DS e NN W A I FY R DO
MO DU N O D PO O DSOS M e PE ™ ar o o a o & o W N o w o ar

23

a

2



PRESENTATION OF RIO PUERCO SAMPLE DATA

A1l of the data that were obtained from the planar intrinsic germanium
detectors were identified with only a sample number. These data were trans-
mitted to Or. Thomas Buhl of the New Mexico Environmental Improvement Qivision.
The NMEID personnel associated the radionuclide concentration cata with some
descriptive information for gach sampling site, This descriptive information
included the stake number where the sample was collected and the sample type,
The following identifications were given to the different sample types:

Type Identification

First terrace

Second terrace
Concentrated area
Pool center

Pool discharge point
Background

Core near stream
Core near cut bank

w oM o~ Oy B N

fAssociated salts

Also included in the information submitted by the NMEID was an indication of
the number of replicates that were taken for each of the sample types at &
given stake. All of this information was transferrea to PNL on computer cards.
A total of 1191 individual computer cards (data for individual samples) was
received, The data from this deck of computer cards for the concentrations of
the four radionuclides of interest and the associated counting errors are given
in Appendix B. These data are listed for “SUTh (listed as "THORIUM'}, Z¢%qa
('RADIUM" ), 10 (“LEAD"), and either 22°U or 238y (“URANIUM"). Those uranium
congcentrations which have an asterisk (*) printed beside the "ERRDR" value are

235U. All gther uranium values are reporied as 238U.

U or

reported as

These data were statistically analyzed on the PNL biometrics computer, a
PDP-11/70. Concentrations of individual radionuclides for indiviaual sample
types were plotted as a function of distance downstream from the point of tail-
ings dam breaching or as a function of stake number downstream. A1l the
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replicates of each type of sample collected at each stake were averaged using a
weighted average where the weights were proportional to the inverse of the
counting error sguared. This results in data with small counting errors being
more important than data with large counting errors. The exireme heterogeneity
and variability of the data were evident from these plots. Therefore, the
smoothing function previously described in the statistical methods section was
applied to provide graphical presentations that were more easily visualized and

understood. The smoothed averages for 210Pb, 226Ra

, and 238U were plotted as a
runcion of distance downstream from the tailings pond but displayed no signifi-
cant variability from typical plots of “background" concentration versus dis-
tance for these three radionuclides. Therefore, no plots of concentration
versus distance for these three radionuclides have been included in this

230

report. However, the plots of Th concentration versus distance do display a

downsiream varianility greater than typical background levels. The piots of
230
e

th Th smoothed averages, which also contatn the background samplie concen-
trations, are given in Appendix C. Figure 4 is an example of these plots show-
ing 230Th concentration versus distance.

All distance measurements start at stake number zero which is located at
the point where the spill entered the arroyo. Large U.5.G.5. sector maps were
provided by United Nuclear Corporation {UNC} with stake locations added to the
maps for the first 305 stakes, which corresponds to a distance that is just
beyond the downstream side of the city of Gallup. (These maps are presented in
Appendix D.) It was possible to measure the actual distances between the
stakes from these maps, and these distances were used where available. For
samples collected beyond the range of these maps, the stake numbers were used,
it was noticed that the distance between the stakes when measured along the
watercourse of the arroyo varies substantially; this is due to the fact that
stake distance was measured at the top of the arroyo cut. Because the arroyo
often twists and turns several times between two stakes, these two measures of

distance do not agree very well.

As shown in Figure 4 and in the remaining plots in Appendix C, the

smoothed averages for thorium strongly suggest a periodic trend with a wave-
length of approximately 2.5 km. This possible periodicity suggests that
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extensive data interpretation not be performed until further statistical test-
ing is performed, Such testing was beyond the'scope of this research investi-
gation. Therefore, our knowledge that a periodic structure is likely mandates
spme adpustments in any further data analysis. Time series theory tells us
that in order to average out a periodic trend we must average over a minimum of
two periods. The possible trend in the thorium data seems to have a wavelength
of around 2.5 km. To use any distance less than 5 km for determining average
23ﬂTh concentrations in a statistically rigorous analysis will require a for-
mal time series analysis of the data.

The plots of the 230

simple approach for determining those areas showing levels greater than the
¢leanup criteria of 30 pCifg. Table 7 lists the 415 individual samples which
equal or exceed the 30 pCifg 230Th cleanup criteria. Approximately 250 of
these samples were from the first and second terrace areas. The remaining
165 samples were obtained specifically from areas expected to be "hot spots”
along the Rip Puerco.

Th concentration versus distance may be used as a

EVALUATION OF GRID SAMPLING DATA

The Rew Mexico Environmental Improvement Division personnel selected two
sampling sites within the Rio Puerco arroyo which were subdivided into grids of
25-ft interyals and sampled on these intervals. At both sites additional
samples were obtained at the corners and in the center of one or more 5-ft
squares. The purpose of these samplings and the subsequent analysis of the
gata obtained from these samples was to evaluate the localized spatial varia-
bility at two typical sediment sampling locations. (These two sampling loca-
tions were both flat sandbars.) The sampling patterns for each of these sites
are given n Figures 5 and 6. The radionuclide concentration data for these
sites are given in Appendix E.

A rigorous spatial analysis of these studies was not performed; however,
the data were reviewed, The examination of these data relative to the sampling
locations does not suggest any spatial pattern. At a few selected sampling
locations within each of these grids replicate samples were obtained {the
samples collected from the 5-ft squares}. The variability of the data from
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TABLE 7. Rio Puerco Samples Having 230Th Concentrations >30 plifg

STAKE DISTANCE  JANPLE THIRI N RAS1UN LEAD URARTUM
ND.  HETERA YIPE REPF. LEVEL!  ERRORZ  LEVEL ERRDR LEVEL ERROK LEVEL ERkOR
9 9 ro2 130.0 22.0 2.3 ) 7.0 2.7 1.4 1.2¢
9 9 B3 157.9 2.4 6.3 o7 3.0 3, 4.0 1,44
1 174 7 37.9 13,8 2.2 .2 B.3 1.5 - 1.1
1 178 72 5.0 15.% t.2 . 4.3 1.7 “ i3 1.1a
1 178 73 3.0 15.¢ }.B o2 7.0 1.% -1.3 1,24
3 2t 1 100.4 17,4 .4 .2 i9.0 2.1 N 1.0w
3 5N 1 2 2080 1%.0 .o 1.8 7 T.0s
3 an oo 42.¢ 16.0 .8 .4 LI 2 1.2 1,04
7 1147 2 1 9.0 19.0 2.8 +3 7.1 2.0 a7 .2
? 1142 1 1 200.0 21.¢ 3.6 oA LEIR .o o 4 1.44
¥ 141 2 1 170 13.0 V.4 2 3.1 1.3 .¥ 1.0
? 1421 2 2 1.0 12.¢ Tk .2 .9 1.5 3 1.0w
1t 17354 11 4.0 15.0 i.¥ s $.% ¥.8 - F.2e
13 2073 1 1 1.0 13.0 2.7 .3 4.9 2.1 .2 1.0%
17 2457 12 §2.9 15.% 1.4 .2 14.0 1.8 =y 1 1.2+
¥ 2897 1 1 11¢.9 2.8 2.7 .3 0.0 3.3 1.4 1.3:
% 2897 1 1 270.0 22.9% 1.4 .2 1.0 1.4 2.9 1.3
21 3233 1 2 14.1 14.1 b 2.2 11.0 2,3 E- LI
2 3TN B 4.0 12.¢ .1 2.0 12,0 1.4 1.4 1.1
7 140 12 Jo,1 13.9 1.3 1.B 7.7 1.7 4.8 1.8
7 aldd Y 1 g5.¢ 14.¢0 15.0 1.8 7 | e
H 4704 7?2 47.8 15.% N 2.1 19.7 2.0 5.3 1.4
N 4704 ro3 1.4 16,1 1.4 1.7 4.3 13 i 1.1
N 4704 B 2 34.7 1.8 2.4 2.4 3.4 1.2 1.9 1.0
13 3133 12 2.9 18,8 1.7 o2 N 1.5 .7 T3
az 5814 1 1 14¢.4 4.0 2.2 -3 26,0 ¢ 2 HEL
7 Jda 1 2 18.9 12.0 P4 .2 3.5 1.2 .7 L
1% B899 1 MN.E 1.0 1.7 s B.¢ 2.1 -l T.1e
4 4223 LI | 7.0 14.0 1.0 . 5.% z.0 B L1
41 4223 -2 7.8 13.0 4.4 1.2 oA 1.0
44 4223 PO 3.0 14.0 1.2 4 8.4 1.8 1.2 1.0
47 730% L 10.% ¥.e -2.7 1.7 LR 1.2 +H3 1.0
47 2308 2 43.% 16.% 1.8 1.2 3.t 1.1 2.8 1.0
9 7325 LI 42.3 137 - 2.0 8.7 1.8 6.3 1.3
"W b Fh) 12 103.0 1%.0 10.0 2.0 2.0 1.2
M 072 [ 9.8 18.0 1.9 2.y bob 1.2 10.0 1.7
n 827 2 .0 11,0 1.1 1.8 1.0 1.% 3.0 1.1
L1 raz? 7 2 76.0 14.0 1.% 1.2 8.1 1.4 7 g
52 B4l 1T 4.0 13.0 1.3 2.0 ?.2 1.4 L 1.3
33 43 4 1 %2.0 13.9 $.0 t.5 1.1 1.Qe
L} 847} 1 2 1.0 15.9 1.1 2 4.1 L% 1.0 T.1e

l=Concentration in pCi/fe.
2-Counting ©rror.
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TABLE 7. (contd)

BTAXE DIETANCE  BANPLE THORIUN RADIUN LEAD URANTUN

.  HEYERS TYPE REP. LEVEL tRROK LEVEL ERROR LEVEL ERROR LEVEL ERROR
37 8342 o2 33.0 13,0 -4 2.2 &.3 t.3 4.8 1.3
37 B302 I 1 1t2.¢ 2.0 7.2 2.3 13.9 2.3 +4 1.1
41 LEE]] z @ N.¢ 14,49 ~1.9 1.4 .7 ted 4.4 1.3
bt 434 4 1 7.0 18.0 1.3 2 1%.0 2.2 -2.1 1.3+
a3 g7l 2 35.0 1.0 1.3 1.7 4.3 1.1 -7 9
43 721 2 | 3.7 13.4 -2.8 2.2 7.1 1.8 7.2 1.4
43 ¥721 2 2 L 12.4 o 2.0 7.2 1,3 4.2 1.3
4] %981 4 1 &7.1 13.¥ -5.3 2.4 9.2 1.4 .B -1
73 11458 2 1 7.0 12.9 4.7 1.4 7.4 1.1 =l -
73 11458 LI | 170.¢ 3.0 =139 3.7 12.0 2.3 1% -7
75 11829 ! ! 4.0 1.0 1.0 . 3.1 1.3 .3 T
73 11329 4+ 1 3.0 1.0 1.9 L i.¥ 1.3 o .94
7% 12383 2 1 0.8 1.4 =11 2.1 2.0 1.4 .4 1
e 1238% + 1 122.¢ 0.0 %.2 2.1 2.% 1.1=
¥l 12728 LI .0 20.0 4.1 2.t .9 119
] 12728 7 2 2.0 13,53 -14.3 i.0 5.2 1.4 1.4 w3
a1 13021 + 1 353.0 12.0 -8 -2 4.5 1.2 1.1 .9
9% 13342 4+ 1 47.9 18.0 4.3 2.4 1" 2.4 2.3 1.3
az 13641 3 5.0 1B.0 .7 4 4,2 r 0 1.1
az 13443 + 1 33.0 12.0 3.0 2.0 4.1 1.2 o .3
8’ 13443 + 2 2.1 12.0 -0 2.4 L0 1.2 3 At
ay 13987 1 1 7.0 12.0 ~3.9 2.3 4.9 1.1 N o
a% 13947 + 3 13.4 14.3 F.3 1.4 1.4 ted =l b
7t 14238 2 %0.3 14.3 =2.0 2.7 2.7 1.B wr s 5
¥l 14385 I 1 1.8 1.4 -11.3 2.8 d.b 1.3 1.1 3
3 14584 z 1 88.4 14.6 -g.0 2.7 74 1.8 1.1 b
3 14874 + 2 13¢,0 17.0 12.0 2.3 4.2 1.3 .7 1.1+
¥7 15139 1 2 9.4 15.0 1.3 1.7 1.3 $.8 ol a1
%% 15448 1 1 .0 12.0 .8 1.0 4.0 1.5 -3 Y
% 13448 1 2 4.0 11,9 -9.2 2.4 2.1 1.4 .7 .1
¥ 15448 + 1 33.0 1.e g.t 2.% 4.8 1.3 .5 1.0
" 15448 + 2 115.0 19,0 .0 2.1 1.0 1.1
Py 13448 LI | 7%.0 5.0 2.5 3 13,8 1.3 7 1.3
01 15212 + .0 14.0 1.8 4 3.1 1.% -.3 .2
193 14042 1 1 M.t 1.4 -1.4 2.2 4.8 1.3 3 3
103 14062 2 1.0 15,9 -8.7 z.7 bt 1.7 1.0 a1
193 14284 LA | 210.0 20.0 2.% .1 8.8 1.4 4 1.1»
197 14487 2 1 4.0 11,0 ~a7 7 1.4 1.0 o 4 .5
10?7 taal¥ L 2.0 10.9 =73 2.3 2.3 1.1 b Ae
189 17043 F | .4 14.4 -4.3 2.1 2.3 1.1 N 1
(R] 17293 | 1 1.? 2.0 2,1 1.4 .3 »34

.0 13,2 -
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TABLE 7. (contd)

STAKE JISTAMCE  EANPLE THORT LA RADIGN LEAR
N3. METERS TYFE RE®. LEVEL EAROR LEVEL ERROR LEVEL tRROR
111 17291 P | 40,0 1.0 -b.0 2.7 .7 1.3
1"t 17273 7 48.0 139 Y N 2.1 1.2
113 17443 2 1 3b.8 1.0 =2.3 2.2 &3 1.3
13 179435 L | 38.0 9.8 A 1.1
1% 1794% 2 1 0.0 $.3 -8 2 -.3 1.0
117 18277 2 1 87.3 3.7 -1B.5 3.0 4.2 1.4
1% 18432 i 1 43.9 19.3 3.1 .4 2.1 1.2
121 14887 2 9 2.1 1.3 -1.2 2.2 3.2 .
123 1720% [ e, 0 13 -1.1 2.2 1,2 1.4
123 1¥209 1 M. P.4 2.2 Z.0 1.0 1.0
173 19209 7 2 41,3 11.B 1 1.2 7.2 1.2
125 19355 2 9 .0 13.0 2.7 1.8 1.0 1,2
127 19877 ! 1 100.9 8.3 -%.5 3.4 4.3 1.8
127 1%87% 2 1 8z.v 12.8 - 2.% bod 1.3
12¢ 20187 2 9 43.0 12.0 1.3 a2 1.0 1.8
12% w0l 2 2 37.0 15.0 1.9 ol 1.¥ 1.7
131 20427 L 49.0 13.0 o | 4.0 1.4
13l 20427 2 1 .0 ¥E.0 1.0 A .8 1.4
13t 20427 4 1 8.0 V3.0 7 o 2.2 1.2
121 20427 4 2 .9 14.0 1.5 2 4.2 1.3
13 20427 4 3 §20.0 14.0 1.3 2.1 7.1 1.4
13 20427 a8 2 .4 12.9 2.4 1.4 1.8 1.3
133 2078% t 2 3.0 1.0 3.7 1.6 2.1 1.3
133 2079Y ? 2 19%.0 t4.0 16.0 1.7 5.4 1.4
133 21027 1 37.0 .0 3.2 1.4 1.0 1.?
135 21977 ! 2 7.0 18.9 4.0 1.7
137 29415 2 1 5.0 16.0 N 1.4 2.9 1.5
139 21444 I 35.0 1.0 1.4 1.7 1.7 1.5
141 2142 11 55.0 12.0 1.4 1.3 5.4 1.2
141 21842 i1 14,0 11.¢ A,.¥ 1.7 a2 1.2
141 21742 B 2 0.0 12.% 1.3 1.7 2.3 1.1
143 222%3 o ad.b 12.9 2.3 1.4 1.4 1.2
143 22V 1 2 15.0 13.9 3.3 1.4 1.3 1.4
142 22295 I 4B.0 11,8 B.& 1.8 1.3 1.2
143 2383 1 4.9 1.0 5.0 1.7
143 22393 vo2 B0, 0 14,0 3.5 1.8 2.% 1.8
143 7293} 2 3 1.0 19.0 3.B 1.3 L) 1.0
147 212 t 1 33.90 19.0 .B 1.¢ 2.7 1.5
147 22912 LI 4 1.9 3.0 N 1.7 3.9 t.3
t47 wne F I 112.9 20.9 19,0 2.% .4 2.4

-

L
- % &

- & 4

- b g
-
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TABLE 7. ({contd)

BTAKE DBIGTANCE  SARPLE FHORIUN RANIUN LEAR URANTIUN
NO.  NRETERS TIPE REP, LEVEL ERROR LY VEL ERROR LEVEL ERRDR LEVEL ERROR
14y 23184 T2 $0.0 13.¢ 4+.B Yo7 3.0 1.3 7.7 V.4
134 23404 1 2 0.0 16,8 ~2.2 2.3 z.3 1.4 B.% 1.7
15 2340 L | 147.0 3.0 -8.1 3.0 20.0 z.8 8.0 2.3
153 23854 : 2 0.0 13.0 -2 i.¥ 4.0 1.4 2.9 1.1
Y55 2820¥ 1 4 77.0 13.% bad Y.F 1.4 1.2 -.9 1.0
135 2420% 2 1 42.0 12.0 }.9 1.3 1.4 1.2 -3 1.0
157 24559 Yoo 3.4 4.2 7.9 2.0 5.5 1.8 & -1
157 24349 1 2 1.0 15,0 1.8 2.0 T4 t.7 ol b
13¥ 24837 12 41.0 0.0 4.8 1.y 3.2 el =l LA
159 24837 2 1 4.0 1.9 -7.8 2.4 1.% 1.1 B A
139 24857 + 1 237.0 2%.0 4.0 2.4 1.4 1.3
15¢ 24857 3 2 4.0 20.0 4. 2.1 W2 1,00
181 2142 1 1 35.0 4.9 1.4 2.4 1.0 1.7 - 81
144 2T162 T3 »0 1% 1.0 2.8 34 1.3 2 A
14 23142 LI 152.0 1¢.¢ 7.4 2.1 B.1 1,7 11,0 1.4
181 23182 31 4.9 17.% .7 1.8 3.2 1.7 4.8 1.8
141 2342 L 224.9 23.4 -13.4 4.0 22.3 2.% 2.1 L
143 25445 7 2 3z.0 13.9 1. -1 1.7 1.7 o2 1.0
183 23443 1 | 120.9 1B.¢ 2.2 «3 12.9 1.7 -l 1.0
143 23757 1 1 2.0 17,9 1.3 1.4 1.0 1.4 6.1 1.4
147 26034 2 6.0 18.0 2.9 1.8 3.8 1.4 L 1.%
149 28324 L 14,0 1.8 4% 1.7 1.8 1.4 -3 1.0
71 28712 2 1.0 158 3.2 1.7 4.2 1.4 .1 1.4
” 24712 2 2 5.9 13.¢ 2.% V. -4 1.4 &.3 1.3
¥4 28712 B 1 3.0 10.¢ 8.3 V.8 1 1.0 .0 1.0
173 27029 1 33.0 1.9 4.4 1.7 1.4 1.2 b.5 1.2
173 702% 4 48.0 17.¢ 7.8 2.2 4.1 1.8 o2 1.1+
173 FERL b 1 2 12.0 11,0 3.6 1.7 2.3 v 8 LB
173 27315 2 1 14%5.9 17.¢ 4.3 1.5 2.0 1.0
125 2718 I 5.0 12.0 1.3 oA 2.3 1.1 L 1.9¢
173 2715 4 1 1.8 21.6 .8 2.4 3.4 2.1 - L
175 27313% 1 %0 1%.0 3.7 N 4.9 t.8 1.1 1.00
1?? 27408 3 | 10.¢ 12.0 2.9 - .t 1.4 L 1.0
177 27408 . 1 40.0 14.0 1.9 Z2.1 3.4 Yo 3.3 1.%
177 17404 T 1 0.0 i%.4 -2.9 2.0 2.0 ta 3.0 1.2
177 2740 y 2 1.0 14.2 1.4 1.8 . 1.3 6.1 1.3
179 27%44 2 1B.0 12.¢ -1.7 2.1 1.} 1.7 7.8 1.3
12% 27944 r | ie.9 12.9 3.4 1.4 %0 1.2 9.2 1.
17y 27%44 I | 13.¢ k.8 1.2 .- 1. 2.9 B 1.2+
m 28242 1 1 .7 14.0 -3.2 2.3 1.* 1.3 b A
imn %242 | 2.2 1.0 1.7 1.2 N

; 1.0e
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TABLE 7. (contd)

STAKE ERISTANCE  SABPLE TROR1UN RANIDM LEAD URANIUR
¥0.  METERS TYPE AEP. LEVEL ERROR LEVEL ERROR LE¥EL ERRDR LEVEL ERROR
181 28242 2 2 Fo.0 17.0 -1 2.1 4.2 1.4 4.2 1.5
18 28242 1 1 1£5.0 23.0 1.4 1.1 1.8 2.4 14,0 2.0
181 28242 7 | 0.0 12.0 -4.8 1.8 2.7 1.4 4.0 1.2
183 28528 1 2.8 16.7 ~2.4 2.2 1.0 1.5 g.1i 1.4
183 28525 v 2 37.0 14.9 -14.% 2.7 3.9 1.4 1.1 +3
183 28523 1 40,0 1.9 3.2 1.9 1.7 1.0 1.9 Yl
183 2052% 2 2 7.4 12.4 A 2.9 1.1 2.0 5.8 t.2
1E3 29523 1 3F.0 13.0 2.9 1.7 .9 | L]
183 0772 1 35.0 12.9 .5 2.9 3.7 1.2 -4 T.1e
183 29772 t 2 3v.0 153.9 1.7 1.8 4.4 1.4 -5 1.0%
185 20772 2 1 3%.0 1.0 3.7 1.7 1.7 -7 +3 1.1
185 8772 2 2 58.0 14.0 1.3 1.7 -sl B
183 208772 + .0 14.0 L 1.7 N 1.0w
187 raalll 11 L1 15.0 1.8 1.% .1 1.3 2.8 L)
187 Fadl I 4.0 15.% 4.9 1.9 1.3 1,0e
186 W27 o 0.4 13.0 2.3 1.3 1.8 .9
1B¥ 2P514 | I 2.0 15.0 o4 1.4 .B 1.0e
19% 2F59¢ 3 2.0 14,0 3. 1.5 =7 1.2
1¥1 29E13 L | 104.0 18.0 11.% 1.2 2.9 1.8 .0 V.0
191 29833 « 2 7,0 18.¢ 1.2 -2 wd 1.4 | 1.l
1%3 3023 12 A5.0 12.0 1.0 . 1.2 1.} -1 S
193 N2 2 2 3.0 15.0 -1.8 2.1 3.4 1.7 7.4 1.5
193 023 4 1 2.0 12,0 - ¥ 2.8 1.1 1.t 5.4 t.2
193 Fiari 11 0.0 9.0 1.4 1.9 o | t.1e
193 12T 12 4.0 17.0 1.8 1.8 ~u? 1.00
193 N3N L | 13,0 1.0 4.1 2.5 13.8 2.6 .0 1.5¢
193 3ta0 5 3.0 4% .8 .8 T L
1%? 30444 12 122.2 9.0 -3 2.1 1.4 1.é& ¥.8 1.7
1%7 Fi 2] 2 1 7.0 13.0 2. 1.7 -.t B
198 3m? 4 1 3.0 15.0 5.4 1.8 =7 ¥
198 JGEI¥ 5 0 8.0 1%9.0 1.8 .5 2.3 2.0 =1.3 t.1e
198 10770 LI | 34,0 12,0 " 2.4 1. 1.3 3.7 1.3
1% kL gt 1 4.7 12.4 -1 1.9 -4 1.4 .3 5
19F% 10976 2 8.0 19.0 t.2 . 4.4 2.0 N 1.1»
19¢ kL sy 1 1 2.0 14.0 b.2 1.4 -.3 1.3
281 1123% 4+ 4.0 12,0 2.4 .3 4.1 1.3 2.0 Rl
pi-1 123 & 2 a0 1.0 Y4 2 2.1 .4 1.9 1.0e
b kIFEL 72 134,1 n.? -4,1 2.4 6.7 1.¥ 13.0 1.7
203 Mgy 2 2 35.0 4.0 1.3 3 2.3 1.3 V.4 (IS
203 Py 3 1 iv.0 18.0 7.2 1.9 3.8 t.F 1.8 1.2
03 I 11 n.¢ 1.0 1.3 1.4 2.1 t.0 .2 a2
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TABLE 7. ({contd)

STANE NTISTANCE  SAMPLE THORIUN RADIUM LEAY URANTUN

. METE&S TYPE REP. LEVEL ERROR LEVEL ERROR LEVEL ERFOR LEVEL ERRDR

203 1745 FA | 32.0 12.0 1.4 1.5 1.¥ 1.4 -1 1.0
205 1743 4 1 0.0 10.0 1.4 1.0 A .8 ~od W
267 12052 2 1 32.2 10.% =2.2 2.2 .7 2.0 5.7 1.2

207 32082 2 2. 3.7 15.1 T 1.7 o2 1.4 4.4 1.4

207 32032 I 7.1 19.4 T 2.% 2.1 1.9 3.0 1.1

213 2053 2 9 .0 13.¢ 4.7 1,7 1.¥ 1.9 | J.oba
213 31153 2 1 12.% 12.8 =.7 1.8 -.¥ 1.0
21?7 33sd4 (| 41,0 tz.0 1.% 1.1 ol ta0e
21? 33484 12 55.0 4.0 .8 ) 5.0 t.é iy T
21y 33940 I | 40,0 t1,0 .8 ot 2.4 1.0 2 1.0
2N 34327 12 »a 8.4 -1.3 1.7 2.% . 4.1 1.8

23 34439 2 1.0 13.0 1.7 1.5 =1.1 N
223 INT3R 11 7.0 15.0 2.2 1.2 1.3 1.0%
223 JAR3Y 1 2 41,9 12,¢ .3 1,7 1.t 1.1 N 1.0s
225 14739 LI 103.9 9.0 3.8 1.% .8 1.2
227 L FAR] Tt 4.0 3.0 7.3 2.4 3. 1. .8 -

227 15213 2 4.0 4.0 8 o 1.3 1.4 .8 1.0%
227 154727 It 44,1 14.1 -5 2.4 .2 LY o7 A
m 15784 1 15,0 10.0 -B A 1.2 1.0 3 7
FRY] 39794 1 2 181.3 14,8 -159.4 3.2 4.2 y.1 1.9 -1
N 15784 a 2 13,0 13.¢ - 1.3 1.2 P
233 34118 L) 143.% 22.% 4.4 2.0 N T.o4x
233 34118 2 0t 11.¢ 1.0 LI .7 L 1.7 B 1,0s
235 J4433 2 3.0 11.0 3.4 1.1 .2 1.0
237 18850 LI | 35.¢ 15,8 4.4 t.8 1.1 1,2+
3% 371 LI §0.0 21.0 2.4 a3 4.8 2.0 =5 1.3+
23¥ 371¥ P | 1.9 14,8 3.0 1.8 4.9 1.4 M| A

ral 321N 2 1 1o.0 19.0 1.9 ad 4.2 1.8 -1 1.3+
rL) 37477 2 2 3.8 13.3 1.0 2.1 2.3 1.9 5.7 Tl

243 37011 ? 1 9.0 12,0 “2.7 2.1 oA 1.5 -3 A

243 38094 2 1 8.0 13.¢ 1.7 T.B -1.4 1.5 1.4 1,0
247 IB410 (| 3.0 12.¢ ¥ A -2 1.3 N .7
249 18715 1 1 32.1 0.8 -1.0 2.2 3.2 .¥ -4 LA
2479 18715 2 1 40.2 4.2 1.3 1.7 2.1 '3 4.9 1.1

231 392¥1 1 2 40,7 13.3 -4 1.% 6.3 1.4 4.0 1.4

2% 19920 2 1 0.7 1.8 =ud 1.7 1.7 1.2 4.8 1.1

237 40223 LI | 30.1 19.1 1.5 1.4 t.F 1.4 2.8 1.3

259 10225 2 1 49.5 12.1 -.B 2.2 1.4 1.0 7.7 1.2

24 10551 1 1 47.0 13.8 -6.3 2.3 1.7 1.3 7 -4
24 1031 P | 1% 12,3 -8 V.72 2.4 1.2 4.3 1.1

281 49331 P | 4.2 13.1 -t.3 Vod 2.3 1.2 1.7 1.1
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BTANE W¥1ETANLCE

n.
241
243
283
283
W7
271
I
rt
27
273
273
07
227
277
279
rld
2B1
2kt
2
281
gy
283
187
28?
187
B9
89
F4
Fid)
M
2¥1
MM
%t
2
b1
2¥?
03
303
303
w2
Joe

RETERS
403
4087
108%¥2
AH
404
121B4
421B4
42164
12184
123%4
12871
A7
A%
13382
43382
43723
43723
131723
43723
14138
44138
37
H7243
44743
44743
43052
43052
45374
43374
43374
45374
15374
43375
43348
459%7
45439
47434
17793
17793

BANTLE

TYPE REF.
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2
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1
1
I
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1
|
2
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2
1
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TABLE 7.
THORIUN
LEVEL ERRDR
.Y §.3
0.1 12.%
4.0 14.0
J.¢ 14.0
30.0 1.0
4.9 14,9
47.9 11.3
5.4 te.1
35.4 t3.1
47.8 13.%
4.0 1.9
33.¢ 11.4
§0.2 13.¢
.4 %.?
n.s .e
3.8 b
0.9 4.7
7.0 14.0
39.4 1.4
3.0 13.0
7.8 .8
3.9 15.0
7.0 18.0
1B.90 1.0
1n.4 12.0
43.7 17,3
129.0 16.%
2.0 12.4
83.1 1.1
109.8 9.7
3.0 14.0
$3.0 15.8
9.0 7.4
15.0 13.0
83.0 12.0
4.1 4.4
43.9 .y
1151 1é.¥
3.0 1t.0
1.1 11.3
n.t 12.4

{contd)

RARIUA
LEVEL ERRDR
1.4 1.B
-7.8 2.4
ok 1.5
»7 .2
W o
Y.8 1.¥
-14.3 2.4
2.1 2.0
31 1.7
.3 1.¥
-1,3 2.1
-4 }c’
-1.7 2.0
'2-' ‘I?
1.6 2.0
o4 2.2
N 1.%
2.2 1.8
'2-3 2¢°
-.3 2.2
3.7 1.8
-.? 2.1
-l9 2.3
-7 1.%
'1.' 293
-4,3 1.6
1.8 2.4
3.3 2.3
1.4 2.%
2.7 2.2
4 2.3
2.t 24
4.0 1.5
§.B 2.0
= I 1.8
=2.1 2.4
-3.1 2.0
4.4 t.R
6.0 1.¢
1.4 1.8
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TABLE 7. (contd)

STAKE PISTAMNCE  BANPLE THDRIUA RAPIUN LEAD URARLUA
NQ,  METERS TTPE REP. LEVEL ERROK LEVEL ERROR LEVEL ERROR LEVEL ERROR
35 3t 1.4 T7.2 -1.% 2.7 12.0 1.9 12.4 1.8
331 2 30 11.7 7 2l 2.7 1.7 7.1 1.%
353 1 1 131.1 22.% 3.¥ 2.7 ¥.8 2.5 5.7 2.0
333 1 2.0 1.8 1.4 1.4 i 1,00
357 2 2 47.8 1.5 4.8 2.3 1.4 1.7 4.3 1.5
5% 2 7 3.4 9,7 8 2.1 2.9 1.1 4.9 T
5% L 107.7 9.0 -20.3 1.7 14,1 1.¥% 2.0 A
343 2 1 .y 133 .8 1.7 1.3 1.4 3.1 1.4
343 i 3%.8 13.2 20.2 . 2.3 1 -u7 + 30
1% 2 51.0 1.8 .2 L) 4.3 1.2 | 1.1%
345 1 4.5 11,2 1.2 2.1 2.3 t.1 .2 LAy
1s? 1 1 18,7 20.1 .8 3.1 13.8 2.4 o7 L
EI%) L 31.0 0.9 A 1.4 = 7
7t 2 1 7.4 0.7 -3 t.é %,1 1.4 1.4 1.1
73 1 1 3.9 10.4 2.% 2.1 2.3 ¥ .v 1.t
LY T2 40.7 3.4 -4 .9 1.9 1.4 &,1 1.4
73 1 453.8 12.2 A 2.1 5.0 i 7.1 1.2
173 L 144.7 2.9 -3 2.8 14,0 2.% 13.0 2,0
173 5 0 62.0 17.8 2.3 2.9 B.4 1. 8.9 t.é
75 31 33.3 10.1 .2 1.% 5.1 1.1 1.% 1.1
377 I Z 4.1 14.2 -l.4 2. 7.7 1.8 7.3 1.4
77 I 7.0 12.1 .B 2.3 1.2 1.2 ¥.0 $.3
75 11 n.e 14.0 b 2.1 2.9 1.4 1.3 1.%
k-3 T2 n.y 13.5 -.¥ 1.9 2.3 1.é 4.8 1.4
383 1t 33.2 12.2 3 2.3 2.8 b 7.2 1.2
383 1 74.1 1L -.? 2.4 7.7 1.3 12,4 t.4
3B? L 3,8 L -] “.B 2.t 1.3 1.4 7.6 t.5
387 3 .2 1B.1 ~1:l 2.3 4.7 1.8 7.3 1.7
in7 1 7.4 11,1 2.8 2. 1.4 1.9 4.3 1.2
kL 31 %3.9 19.3 -8 2.4 3.2 2.0 P.4 1.7
389 oo .0 1.4 R.? 1.8 2.4 1.9 27.4 1.%
A ER 138.7 2.2 b.4 1.9 18,1 2.4 ¥.7 2.0
3! ? 1 A7 0 1.3 3.4 2.1 1.4 1.8 é.1 1.2
i LI 73.0 3.8 12.B 1.5 3.0 1.2 -2 &L
31%5 1 2 .9 9.0 1.1 1.1 .7 1.2
3r3 LI .0 12.¢ 1.3 1.7 z.0 1.%e
%% 1 1 7.0 12.0 5.0 1.1 - .G
192 i 3 0.1 1.7 7.9 2.1 4.4 1.3 -.8 -1
101 LI W.§ 11,7 -2.8 1.% 2.2 1.9 6.3 1.1
101 | 3.0 2.4 L . 2.4 .2 -1 .25
403 Yoo 7.0 2.0 1.9 V.7 1.% G
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TABLE 7, (contd)

STAKE DNISTANCE  BANPLE THORIUN RADTUN LEAD UR&NTUN
B0,  NETERS TTPE REP. LEVEL ERROR LEVEL ERRDR LEVEL ERROR LEVEL ERRDR
403 4 1 N0 7.2 . 1.2 1.0 A 7.2
103 4 2 339 17.0 3.8 1.7 1.0 1,12
0% 1 2 129.3 V7.8 1.3 2.8 ¥.6 2.1 10.9 1.7
LRR) LI 79.7 18.7 o1 2.5 1.8 \,? 10.8 1.8
an 2 2 i%.0 5.4 -1.0 2.0 3.3 1.4 3.3 1.9
413 t 2 44.3 1.7 2.4 2.2 2.7 1.4 3.7 1.4
135 1 i a0 13.0 .8 1.7 .0 1.0«
13 1 2 73.0 15.0 1.9 1.9 1.0 1.12
117 1 2 1%.0 14.8 2.4 2.1 3. 1.5 3.3 1.3
117 LI 43.1 14.% -11.0 3.0 4.3 1.8 1.1 -1
421 2 1 7.0 B.3 [ 1.8 1,3 1.0 2.0 1.9
421 1 i8.0 12,0 2.5 1.2 oA 1.Ge
425 1 1 83.0 16.0 2.3 1.8 -1,3 1.04
123 I 41.0 1.9 7.1 2.0 5.8 1.3 1.4 1.1
2? 1 2 7.2 8.3 -8 1.8 3.3 1.8 2.8 1.0
427 it 106.3 1561 4,7 2.4 8.8 t.5 .8 Lo
29 2 1 30.1 11.3 1.4 1.8 | 1.3 3.¥ $.2
LRY I 2 35.4 135.8 -1.d 1.8 1.8 1.4 4.6 1.4
1 I 127.1 22.2 -12.1 3.2 1.4 2.3 1.4 e
413 1 1 7.0 14.9 -1.4 7.1 1.3 1.3 7.3 1.5
433 L 144.3 20.2 7.% 2.3 1.3 2.2 -.0 il
437 1 2 © 3.2 13.8 2.} 2.4 2.1 1.5 4.0 1.8
437 2 1 7.0 13.0 3.1 1.3 =P .9
437 1 1 72.9 18.% -10.2 1.2 7.1 1.8 1.3 .4
4 i | 0.1 13.4 -3.8 2,1 A 13 A e
441 7 1 40.7 12.4 -7 2.0 3.4 1.3 1.7 1.4
443 T ! 3.7 14,0 3.2 2.5 5.8 1.2 8.0 1.4
443 I o 34,0 1.0 1.2 1.8 .3 1.0w
LLF) 2 1 7.0 14.9 2.7 1.3 0 1,12
447 3o oA 14.3 -4.8 2.3 1.0 1.4 o by
LLF L 4%.3 13.¢ -5.3 2.4 t.2 1.4 N -
LL L I o 3B.0 1.0 i.0 L% 3.4 1.3 2.7 L%
451 1 ¥ LR 13.4 1.0 2.0 2.3 1.5 7.0 1.4
433 3t 47.8 12,3 1.0 2.0 2.3 1.4 7.0 1.4
433 2 1 .0 2.4 7.2 +3 3.4 3 .3 .20
457 1 1 1.9 12.0 1.3 1.5 N 1.4 -0 Lo
37 1 10%.2 14.4 -3.0 2.4 11.2 1.4 «? S
477 I 1 30.1 8.7 L | 2.1 2.3 1.4 5.4 1.7
475 l F] 2.0 1.4 N | 2.2 1.1 13 4.9 1,2
479 Y 33.7 1.3 2.7 1.% 1.9 1.2 1.% 1.2
432 o2 1.3 .1 =-1.3 1.% L V.é 5.2 ¥.3
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TABLE 7. ({contd)

STAKE DISTANCE  SANFLE TRORIUA RABIUM LEAD URANTUN

AD.  METERS 1YPE REF. LEVEL ERRDR LEVEL ERRDR LEVEL ERROK LEVEL ERRDK
4683 LI 76.2 14.% -.3 2.2 t.3 1.3 2.2 1.8
483 I 1 15,4 14,4 3.7 2.3 0 1.4 8.4 1.5
48?7 2 2 34.5 14.7 -9.¥ 2.3 2.5 1.5 12.9 1.4
4B7 ERN 7.1 t,? -£.9 2.1 1, 1.2 g.0 1.2
497 I 4.4 4.3 5.7 2.2 4.3 1.4 3.2 1.4
489 L | 123.8 14.% 2.9 3.1 11.% 1.7 12.4 1.7
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these sites can be expressed a5 either "within-sampling-site" or "between-
sampling-sites" varianility. MWithin-sampling-site variability refers to that
variability calculated for replicate samples obtained from the 5-ft grids,
Between-sampling-sites variability refers to that calculated between the 25-ft
grid sites. The pooled within-sample-site standard deviation from the repli-
cate samples was 35 pCifg (including the contributions of counting error) for
the ©30Th concentration. The between-sampling-locations standard deviation
calculated from all of the 230
20 pCifg. Since the "within" standard deviation is much larger than the
“between" standard deviation, we can assume that no significant spatial pattern
can be found in these gata. Thus, the variability that is seen in these sand-

Th data for these grid sampling patterns was

bar grid samplings seems to represent the inherent random error of sampling in
the Rio Puerco arroyo.

EVALUATION OF BACKGROUND SAMPLES

The Rio Puerco arroyc crosses through geological areas which may contain
signiticant uranium ore bodies or which may receive alluvial drainage from ura-
nium ore formations ar from current or former uranium mining sites. This
2307y, and
pernhaps the other radicnuclides of concern, may be present simply as part of

situation creates the possibility whereby elevated concentrations of

the existing environment. An examination of the data from the Rio Puerco moni-
toring survey shows that anly a single background sample collected at stake
No. 201 exceeds the 30 pCifg < £

tion of 34 pCifg. The background soil samples data are listed in Table 6. The
230

Th ¢leanup criteria, having a Th concentra-

background concentrations of Th that are seen along the length of the arroyo
are highly variable, ranging from -18 to 24 pCifg with a mean background con-
centration of 0.87 pCifg. These data suggest that the past geochemical histary
of the soil samples may influence the thorium concentrations found, and show
that background levels do vary along the length ¢of the arroyo. (While this
variability is quite lerge, much of this is due to the short counting time uti-
T1zed and the accompanying large counting error, For example, only one 230Th

value is significantly less than zero at the 95% confidence interval.)
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One potential problem with the interpretation of the background sample
data is related to the locations from which these samples were obtained. Due
to the possibility of contamination of any sediments within the arroyo by the
tailings pond solution, all background samples were obtained from soil Toca-
tions near, but not in, the arroyo. The samples were generally collected
at-grade within 50 to 100 yd of each side of the arroye. As such, these
samples probably represent soit materials very similar to what is eroded from
the surrounding land and transported into the stream bed. However, very dif-
ferent mechanical forces, i.e., wind rather than water flow, affect the soil
errosion. Any effect that these differences have on the surface soil and sedi-

ment mineralogies and matural radionuclide concentrations is not known.

It is clear from the above discussion that samples containing, for
example, 35 pCi/fg of 230
thorium ranging from only a few pCifg to perhaps nearly the total thorium con-

Th may have an input of the tailings-pond-derived

centration found, depending upon the background level found in that particular
area. Because of this potential difficulty in differentiating background ver-
sus tailings-derived thorium for any given segment of the stream bed, it is

recommended that the most equitable means of establishing a2 cleanup criteria is
to establish a ¢riteria which is based upon a given concentration of 230Th
above a background leyel for that particular sample region. The rationale

23051 <¢ bound within

behind this approach is that the majority of the natural
the soil matrix material and, as such, dges not represent a readily available
fraction for movement in the envircoment or within an animal or human system.
The contamination-derived thorium, on the other hand, will nearly all be asso-
ciated with the surfaces of soil particles and 1ikely is much more readily
available for movement in either the environment or in an organism. Additional
gecchemical investigations aof background and contaminated soil samples are
required to address this question more adequately and to assist in establishing

230

more atcurate estimates of the average background Th concentrations along

the entire Rio Puerco arroyo.

230

ESTIMATION OF Th INVENTORY

The first terrace. second terrace, and core samples data that are listed

in Appendix B were used to estimate a total inventory of 230Th along the
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length of the arroyo from the breech of the tailings pond dam through Stake
No. 491. The 230

of September, 1979, due to the considerable variability of the thorium concen-
230 '

Th inventory estimate presented here is only approximate, as

trations, the varying background
the fact that only limited statistical treatment of the data was performed.
The estimation was performed as described below.

Th concentrations previously discussed, and

Far tnat portion of the arroyo for which sampling sites were surveyed onto
the large UNC maps, these maps were used to estimate actual surface areas
within the arroyo. Width measurements were made at each sampling point (odd
numbered stakes) and the distance along the arroyo between even numbered stakes
was measured. Then these two quantities were multiplied to get a surface area
approximation, For the remainder of the arrayo, Stakes No, 306 through 491, it
was assumed that the stakes are 500 ft apart and that the arroyo is 150 ft
wide. This width was determined from copies of smaller EPA aerial photographs
which have a scale of approximately 200 ftfcm on the photos. Several width
measurements were taken on each photo in this lower portion of the arroyo, and
these measuras were then averaged. This average was then rounded up to 150 ft
to give a somewhat conservative (large) estimate of arroyo surface area. These
areas were muitiplied by the 2-in. depth of the sampling device, and this vpl-
ume was miltiplied by the average of all terrace concentrations and the density
of the samples to get an inventory for each approximately 1000-ft section of

230Th inven—

arroyo. These were summed for the entire arroyo to get the total
tory of 4.9 Ci. A background 230

manner to be 0.30 Ci.

Th inventory has been calculated in a similar

Some discussion is necessary on the rationale and meaning of a "surface"
inventory. The spill did soak into the arroyo sediments. The data from the
three—foot core samples that were collected at distances approximately one mile
apart throughout the arroyo indicate that the surface samples alone do not pro-
vide a complete view of the distribution of 230Th in the arroyo. Cores taken
at Stakes No. 31, 51, 71, 81, 131, 141, 201, 231, 271, 291, 311, and 451 all
show evidence of measurable downward migration of 230Th. These represent 12 of
the 49 locations where sediment cores were obtained. However, since core
samples were taken only at every tenth stake number (every fifth sampling
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site}, a consigerabie extrapolation is needed to use the core data. In spite
of the recognized limitations of this approach, 230Th inventories in the first,
secaona, and third foot of the arroyop sediments have been calculated, These
calculations éhow 18.7 C1 in the first foot of sediments, 11.1 Ci in the second
foot of sediments, and 1.5 Ci in the third foot of sediments. This striking
difference in thorium content with depth suggests that much of the 2307h has
been retained in the tep two feet of the sediments. The imability to provide

230

an accurate estimate of the background Th in the arroye sediments limits the

interpretation of these gata.

While a surface inventory does not represent all of the material lost at
the break of the dam, it does represent the source of possible eiposure to
humans and animals vsing the arroyo. Furthermore, by defining “surface" as the
first two inches of aepth, there is immediate agreement with the standardized
sampling tools, This agreement, in turn, allows the use of all the terrace
data without any reservations on the data interpretation. An examination of
the data set and codes for type of sample will show that there are samples at
each sampling site only for the terrace data. These factors and the fact that
the sampling scheme was not originally designed for estimating inventory, dic-
tate that calculation of a “surface" inventory provides the most reasonable

retrospective use of the data.

EVALUATION OF RIO PUERCO SAMPLING STRATEGY

The basic philosophy of the Rio Puerco sampling protocel which was estab-
lished by the NMEID was to collect samples every 1000 ft along the watercourse
beginning at the peint at which the spill entered the pipgline arroyo. At
these sampling sites several different types of samples were taken: individual
streambed terraces, around pools or concentrated areas, core samples, back-
ground samples, and samples of any visible salt deposits. The natural varia-
tions in the morphology of the stream mandate that some types of samples were
not taken at each site.

The adequacy of this sampling protocol can be evaluated on two different
levels, first with regard to the information available at the time of the

sampling, and second with regard to what we now know about the Rio Puerco
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arragyo. In addition, it must be emphasized that any sampling plan needs to be
evaluated with respect to very specific goals. The statement of the goals must
contain precise definitions, give designatea or desired error levels, and an
estimate of the randomness that wil) be allowed in the data. Such a specific
statement of acceptable statistical parameters was not produced during the
short interval of time between the July 16, 1979, spill and the major sampling
which was conducted September, 1979. From this standpoint, therefore, il is
very difficult to evaluate whether or not the goals of the sampling program
were met.

The sampling program was establishea by the NMEID in response to a need to
provide very rapid sampling and sample analysis for an overall evaluation of
the state of the arroyo. Given the urgency of this situation and the rela-
tively short time available for planning, the sampling plan which was devised
and used appears to be a gdod one. It containg the essential elements found in
the typical survey-type investigations of spatially varying phenomenon. How-
ever, after a retrospective view of the data it is possible to identify some
inadequacies, £qually spaced sampling sites as were designated in this survey
are not necessarily a desirable feature in a sampling plan, since most statis-
tical analysis procedures can deal adequately with variable spacing. The loca-
tions of the sampling sites should have been influenced by the geographical
features of the arroyo. [t would have been desirable to choose and classify
sampling sites on the basis of geographical or morphological features such as
meander of the arroyo, straightness of a section of the arroyo, depth of the
water, or other features, since these might be important factors controlling
the translocation of the contamination. An examination of the aerial maps of
the arroyo indicate that many features on which sampling sites could be keyed
do appear beiween the established sampling points. Alse, there apparently is a
small-scale structure to the arrgyo that the sampling protocol missed because
to0 few sampling locations were used. In developing the sampling protocel,
however, it is likely that the economic considerations involved did 1imit the
number of sampling sites selected. A reasgnable compromise would have been to

have increased the number of sampling locations in a few "typical" sections of
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the arroyo in order to describe the spatial variability well and then to
decrease the number of sampling locations in similar sections of the arrayo.

EVALUATION OF VERIFICATION SAMPLING PLAN AND PROPOSED CLEANUP CRITERIA

Or. Thomas E. Buhl of NMEID in his letter to Mr. Hubert Miller of the U.S.
NRC dated April 12, 1980, has proposed some revised Rio Puerco cleanup cri-
teria. (Please refer to Appendix F for a copy of the proposal by Dr. Buhl.)
The criteria proposed are statistically simple and easy to apply. This propo-
sal suggests the use of a 67% confidence level rather than the commonly used
95% confidence level. This choice of confidence level is statistically arbi-
trary, and there is no statistical or mathematical reason for the use of any
particular level. HWith the range of thorium data values and counting errors
stated in Dr, Buhl's letter, a 67% confidence level with a 1imit of &0 pCi/g
is approximately equivalent to a 95% confidence level with a Timit of 80 pCi/g.
The use of a one-sided upper confidence level as indicated by addition of the
standard error to the mean but no subtraction from the mean is standard and
appropriate for this type of situation, {It should be noted that dividing the
standard error by two yields a 69% rather than a 67% confidence level under the
assumption of a normal distribution.)

The new criteria do not place any control on the sample size to be used.
This results in a situation of no control of the second type of statistical
error, that of concluding that radionuclide levels are within the limit when in
fact they are high. The 67% confidence level controls the first type of sta-
tistical error, that of concluding that radionuclide levels are high when in
fact they are within the limits., 8ecause a large sample size results in a
small standard errcr, a large sample could allow the mean values to be very
close to the revised 1imit of 60 pCifg even when some members of the sample are
much higher. In other words, more information (samples} is needed to make a
decision when mean values are closer to the limit than when mean values are
much lower {or higher} than the decision point. Small samples, on the other
hand, would allow many of the second type of statistical errors, that of
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concluding that a mean value is less than the Timit when in fact it is slightly
higher., Therefore, the sampling criteria should state a minimum number of
samples to be collected and analyzed.

The use of a stated level of radionuclide inclusive of background as the

EsoTh, for example) elimi-

concentration limit or decision point {60 pCifg for
nates the need for information about background levels in the decision-making
process. A somewhat more common statistical procedure would be to state some
allowable deviation above background levels, thus in¢luding the background
information in the overall statistical analysis. While there is nothing sta-
tistically invalid in not using the background levels, it is not a common way
of analyzing data. Given that there were less background data collected during
the Rio Puerco sampling program than radionuclide data, the use of the back-
ground inclusive radionuclide level in the decision selection is perhaps a sta-
tistically preferred scheme. The lack of background information for all
sampling points would otherwise require more extensive background sampling or
the use of some type of interpolation methodology for those sampling locations
for which background data are not available.

Examination of the aerial survey maps indicates that the survey stakes are
not an accurate indication of streambed distances, at least for the first
305 of the 491 stakes for which survey data are available, Since it would be a
major task to identify 1000-ft sections on the maps or to return to the arroyo
for measurements, and since ng maps with staked locatians exist for the arroyo
beyond Stake Na¢. 305, the area criteria should be stated in terms of stakes
rather than feet. The 1000-ft criteria should be changed to be the distance
between alternate stakes.

The criteria speak of using 1000-ft sections of the arroyo for averaging
purposes but do ngt mention how this sectign is to be chosen, Most of the
samples were taken only at the odd-numbered stakes. This sampling methodology
resuits in two distinctly different possible situations for computing area
averages. [f the areas are chosen to be between alternate even-numbered
stakes, as would occur if one starts with Stake Na, O, then data would be
available for only the intermediate odd-numbered stakes. [In this case the
averages for that odd-numbered stake would be used as the average for the
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entire area. Howeyer, if the areas are chosen io be hetween alternate odd-
numbered stakes, then data exist only at the boundaries or ends of the area,
and an average of the two boundary averages would be used, A third alternative
1s to use overlapping areas starting with each stake and using both kinds of
averages mentioned above. This alternative would be statistically troublesome
since the two kinds of averages have different characteristics and distribu-
tions. Using an area c¢riteria of 1000 ft rather than a c¢riteria of alternate
stakes would De equivalent to this third alternative because of the lack of
association of stake numbers with actual arroyo streambed distances. The cri-
teria should specify exactly how the areas are to be chosen so that conflict
cannot arise from different investigators using different methods. Sampling at
the migpoint of the section is the easiest computationally and is a good way
from the statistical standpoint as well.

The proposed criteria appear to ignore the information which 1s contained
in the counting error data. The use of & simple standard error of the mean
indicates that one is to calculate the standard deviation of the several repli-
cates for each sample type at each collection point and divide by the square
rogt of the sample size, This is a between-samples error measurement. When
this is used alone, the within-samples errar information contained in the
counting error data is ignored. It is possible to use both the within-saﬁp]es
and the between-samples errors in a rather elegant manner to calculate a total
standard error. This total standard error can then be used to determine the
67% confidence level as before., The counting error is a measure of the preci-
sion of the corresponding sample value. The more precise ones should be con-
sidered more important than the less precise sample values. A statistical way
of achieving this weighting is to use the inverse of the variances {counting
errors squared) as the weighting factors. For the weighted means and corre-
sponding total standard errors advanced statistics texts (Brownlee 1985) give

the following formulae:
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standard error =

where
¥ = data values '
vy = corresponding variances
B.5.E. = {between-samples standard error)--the common standard devia-

tion caiculated from the data values then divided by the
sguare root of the sample size.

Tnese formulae should be used to calculate weighted means and standard errors
because they use the counting error information to adjust for the variation in
precision between repliicate samples as well as including both between-sample
and within-sample errors,

Number of Sample Replicates

As stated above, 3 determination is needed ¢of the number of sample repli-
cates for cleanup verification at each sampling site. The statistical theory
which relates to these calculations is that of specifying a confidence interval
about a mean value. This statistical theory regquires estimates of the mean and
standard deviation and a specification of the desired accuracy. The mean and
standard deviation were calculated from all of the Rio Puerco dgata as described
bhelow, and the accuracy was arbitrarily selectea to be 100% of the average
23ﬂT’n concentration. The thorium mean value of all first and second terrace
data over the entire length of the arroyo is 24,1 pLi/g. This was determined
by first calculating a weighted mean for each sampling site [using the count-
ing error as the weighting factor), then calculating the arithmetic average of
these weighted means over the length of the arroyo.

A total variance was computed by summing the individual components of the
variance {counting error squared), First, a pooled variance for each 1000-ft
(or, more accurately, every two sampling stakes) section of the arroyo was com-

230Th concentration variances for the first and

puted, The weightea mean
second terrace oata were pooled for each section by averaging these variances.

This procedurg is equivalent to summing variances and dividing by the total
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degrees of freedom under the assumption that each mean has one degree of free-
dom, and this results in a variance that is a measure of the accuracy of indi-
vidual mean values. The between-means variance was then calculated for each
segment by calculating the ordinary standard deviation of the mean values asso-
ciated with each segment. These two variances were summed to get a total
within-segment variance. These variances were then poocled by averaging over
the length of the arroyo.

The sections of the arroyo used for this determination of variance were
taken to be the data from Stakes No. 1 and 3, 5 and 7, 9 and 11, etc. Avoiding
overlapping sections (1 and 3, 3 and 5, 5 and 7, etc.) eliminates some trouble-
some correlations that have to be actounted for in the computations. Using
sections defined from alternate numbered stakes rather than overlapping stakes
allows the final variance estimate to include good estimates of both within-
data-values and between-data-values components of error. The estimate of the

within-section standard deviation is 18.3 pCifg for 230

Th in samples from ter-
races one and two. There were 119 segments of arroyo used in this determina-
tion. Most of the data from the last 20 stakes were not usen because of
missing values.

An accuracy of 100% of the mean value of 24.1 pCi/g el

Th can be inter-
preted in two ways: 1) as *24 for a confidence interval ranging from O to
48 pCifg 230
36 pCijg 2°
an assumed 95% confidence leve!. The formula for the required number of
samples based upon the statistical theory of confidence intervals about a mean

valug is;

Th, or 2} as 12 for a confidence interval ranging from 12 to
uTh. Calculations based gn both interpretations are given below for

v [st)
+d
wherg s = estimate of the standard deviation
t = the value of students-t distribution for the 95% confidence leve!l
d = the width of the confidence interval
N = number of samples,
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Since the value used for t depends upon sample size as well as confidence
Tevel, some simple trial and error is needed to tind N. The estimate of s is
18,3 as given above, The two interpretations of the 100% of mean value for the
accuracy results in values of d of £24 and 212, Then we get N = 5 for

+24 pCifg, and N = 12 for %]2 p(i/qg.

There are three important statistical particulars that need emphasis.
First, the specitied accuracy and confidence level 15 achieved on the average
over the many sections of the entire arroyo. There is no quarantee {without
going to much more complicated statistical theory) that the accuracy and confi-
dence hold true for any one individual section. Secondly, the width of the
confidence interval will be 212 or #24 plifg regardless of the mean value for
any one section, For example, if #12 is chosen as the definition of 100% of
the mean and a particular section has a mean value of 12 pCifg, then the confi-
derce interval is from O to 24 pli/g. One might be temptea to assume that
21?2 around a mean of 24 allows one to use %6 around a mean of 12, but this
would be an incorrect use of the statistics. Of course, a narrower confidence
tnterval, for all values of the mean, can be achieved by using larger samples,
The key point is that statistical theory needs a statement of accuracy in terms
of absolute deviations from the mean rather than proportional deviations from
the mean. Finally, one should be careful to apply the definition of a confi-
dence interval correctly. A 95% confidence interval of 12 to 35 pCifg means
that 95% of such confidence intervals will include the true value of the mean.
[t does not mean such things as being 95% sure that the true mean is within
]2 units of the estimated mean,
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EXPERIERCE GAINED FROM THE RID PUERCO ENVIRONMENTAL STUDY

[n several ways the aata gained from this investigation of the Church Rock
tailings dam breaching and subsequent flooding of the Rio Puerco arroyo may be
valuable in addressing other environmental surveys of the distribution of many
hazardous chemicals., Specifically, the sample collection, sample analysis,

- data analysis, and relationship of the time of the release to the time of the
inventory sampling program are important considerations.

The sample collection technigues which used the 10.16-cm (4-in.) diameter
by 5-cm (2-1n,) deep stainless steel die were very effective for obtaining sur-
face soil/sediment samples. These surface data were suppiemented by data
obtained from the core samples. Twelve of the 49 locations where sediment
cores were obtainmed showed evidence of measurable downward movement of 230Th.
Nine of these locations are broad areas of the arroyo where the rate of flow of
the tailings pond solution may have decreased, allowing somewhat greater verti-
cal penetration than in the narrower stretches of the arrcyo. Since these
lgpcations by no means represent all of the broad stretches of the Rio Puerco,
additional unmeasured factors must be involved in causing the downward penetra-

230

tion of Th at these sites. Only three of these 12 locations showed higher

230Th concentrations at some depth within the cores than either the first or
second terrace sample concentrations. This suggests that the surface samplings
alone do provide an adequate picture of the downstream distribution of the
radionuc]ide contamination for this arroyo but do not present a complete

picture,

The large surface area, planar intrinsic germanium detectors are extremely
useful for this type of investigation, The degree of spectral resolution and
ZIDPh 226Ra

U in relatively short counting intervals. The relatively large
230

counting sensitivity they offer allow low limits of detaction for
230Th, and 238
counting errors associated with the Jow Th activity samples are due to the
1000-sec counting times used. If future investigations would allow the pro-
cessing of fewer samples per day {e.g., 50 or less}), the improved counting

statistics obtained from longer counting times would allow some additional
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interpretation of the data and improve overall contamination inventory esti-
mates. [t is recommended that the counting times he increased to at least
2000 sec.

The extreme heterogeneity in concentration distribution seen in the Rio
Puerco is most likely typical of the variability that would be seen in Qther
similar environments, This variability is probably related to geochemical and
morphological features of the stream that were not i1dentified in this investi-
gation., As discussed above, clustered sampling in stream regions of represen-
tative morpholegical features should provide better estimates of spatial
variability than does the uniform sampling used for the Ric Puerco. C(lustered
sampling is recommended for any future investigations of contaminatign
distribution.

A difficulty in estimating the 230

bility to differentiate between contamination-derived
ground 230Th. Since the natural background may fluctuate along the length of
the arroyo (based upon the variability observed far the samples discussed
above}, with present data it is not possible at any one point to define the
230Th burden of a sample. This situation

Th inventory arose because of the ina-

230‘I'h and natural back-

background contribution to the total
is quite likely to exist in streambeds in other uranium mining and milling

230Th—contaminated and

areas. Further geochemical characterizatiaon of both
uncontaminated sediment/sail samples is necessary to provide the data that can

be used in this differentiation.

Approximately ten weeks passed between the time of the breaching of the
tailings pond dam and the initiation of the intensive arroyo sampling. Two
major rainfall events occurred during this time, and these certainly affected
the distribution or redistribution of the c¢ontamination which had been
deposited on the arroyoc sediments. This movement of contaminated sediments

230Th inventory and

served gnly to make more difficult the determination of
distribution. Any future spilis should be addressed with an intensive sampling
and analysis program as soon as possible after the event occurs, preferably in
less than one week. Sampling in this time frame combined with a raptd sample
analysis and a more efficient sample igdentification system than was used for

the Rio Puerco samples should permit a definition of the contamination
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dgistribution within 1 to 1-1/2 months from the time of the release, This quick
identification of potential problem regions of the stream would permit amelio-
rative action to begin within a reasonable time frame,
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CONCLUSTONS

The following cenclusiens are presented as a result of the investigaticn
of the Church Rock uranium mill tailings pond dam failure:

l. On-site use of planar intrinsic germanium detectors provides adeguate
sensitivity and short analysis times for quantitation of 21DPb,

22004, 230 and 238y in sediments/soils.

2. Trne griginal sampling plan, which consisted of collecting surface
s011/fsediment samples at 1000-ft intervals, was adequate to determine
those areas which were contaminated and reguired cleanup.

3. Clustering of samples within arroyo reaches defined by physical (mor-
phological) features would provide a better estimation of the radio-
nuclige spatial variability than did the sampling pattern which was

used and which was based on equal distance increments.

3. The revised Rio Puerco cleanup triteria proposed by the New Mexico
Environmental Improvement Division are statistically adequate.
210 eaoRa’ afid 238

5. Concentrations of Pb,

length of the arroye are not distinguisnable from natural background

U in samples throughout the

concentrations.

6. Concentrations of 230

vated considerably greater than background., Plots of 2307h concen-
trations versus distance from the tailings pond show the high

Th range from background levels to levels ele-

variability., Therefore, a statistical smoothing function was applien
to the data to facilitate its interpretation.

7. Sediment samples from two site-variability studies indicate that

230Th concentration variability within even

there is considerable
limited areas of the arroyo {i.e., 5-ft-square grids and 25-ft-square
grids).

23DTh in the Rio Puerco show an apparent

8. The concentrations of
periodicity as a function of distance, This period 1s approximately

2.5 km.
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10.

s I

The estimated total inventory of 23ﬂTh in the Rio Puerco fram

sampling Stakes No. 0 to 481 is ¢6.8 Ci, based on data from the upper
two feet of the core samples. The inventory based on data from the
first-terrace and second-terrace samples {upper two inches) is

4.9 Ci. The total inventory of 230Th background in the upper two
inches of arroyo sediments is estimated to be 0.30 Ci.

Present inability to differentitate between natural background 230,
and contamination-derived 23OTh prohibits a clear definition of the

230Th inventary from the tailings pond solution.

Sediment samples from the Grand Canyon National Park show no detect-
able radionuclide levels in excess of normal background.

58



REFERENCES

Brownlee, K. A. 1965, Statistical Theory and Methodology in Science and
Engineering, Second Edition., John Wiley and Sons, New York, New York.
586 pp.

Chatfield, €, 1976. The Analysis of Time Series: Theory and Practice,
Chapman and Hall. London. 257 pp.

Otnes, R. I. and L. Enochson. 1978. Applied Time Series Analysis: Basic
Techniques. John Wiley and Sons. New York, New York. 444 pp.

Wogman, N. A., D. E. Robertson and R. W. Perkins. 1967. "A Large Detector,
Anticoincidence-Shielded, Multi-Dimensional Gamma-Ray Spectrometer.”
Nuclear Inst. Meth, 50:1-10,

59



APPENDIX A

NEW MEXICO ENVIRONMENTAL IMPROVEMENT DIVISION
PROTOCOL FOR RIQ PUERCO ENVIRONMENTAL SAMPLING




APPENDIX A

NEW MEXICO ENVIRONMENTAL JMPROVEMENT DIVISION
PROTOCOL FOR RIO PUERCD ENVIRONMENTAL SAMPLING

“Surface seil sampies will be taken at 1000-ft intervals in non-
vegetated areas along the Rio Puerco and the 'Pipeline Arroyoe' from
the UNC dam to the New Mexico Arizona Gorder. Surface sampling will
be performed using a standardized cylindrical scoop of 10.16-cm
(4~in.) diameter and 5-cm {2-in.) height. Soil mass from a particu-
lar sampling location must be at least 1000 grams (this will require
compositing of four standardized spil samples). A1l samples should
be appropriately sealed and labeled as soon as collected.

"At each sampling location three types of sampies will be taken:

1. a sample from the first terrace above the streambed chosen in
areas of expected contaminate deposition. Where possible, the
samples will be composited from two samples, one from each side
of the Rio Puercofpipeline arroyo ("first terrace"}.

2. a similar sampfe from the second terrace above the streambed, if
such a terrace exists {"second terrace").

3. a sample from an area where deposition is expected to be the
highest, such as 2 side arroyo, impoundment area, inner bank of
a bend, or area of yellow ¢rystallization ("hot spot").

"This will generate roughly: (40 miles) x (5280 ft/mile} x
(3 samples/1000 ft} approximately 600 samples.

“In additien, the following special sampling will be performed:
1. @8Background sampling

a. 20 separate 1000-q samples shall be collected in the pipe-
Tine arroyo upstream from the UNC mill to the UNC and Kerr-
McGee mine discharge points, These will define pre-spill
conditions in the arroyo.

b, 20 separate 1000-q samples shall be collected within the
main branch of the Rio Puerco at a sufficient distance
upstream from the confluence of the Rip Puerco and pipeline
arroyd to aveoid any area contaminated by the spill.
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¢. A 1000-g soil sample shall be taken every mile along the Rio
Puerce and pipeline arroyo between the UNC mill and the New
Mexico-Arizgona border. This sample shall be composited of
twe samples on each side of the arroyoc. The samplies shall
be collected at a distance of between 50 and 100 yards from
the Rio Puerco or pipeline arroyo cut bank to establish
natural area background,

Soil profiles shall be collected across the width of the arroyo
to establish the depth and Tateral extent of the contamination.
At each mile along the Rio Puerco and pipeling arroyo between
the UNC mill and the Mew Mexico-Arizona 1ine two 3-ft profiles
shall be collected, The samples shall be collected with either
a standardized coring device (such as PYC pipe), the stand-
ardized scoop plus trenching where pessible, or an approved
alternate method., The profile will consist of three 1000-g
samples taken from the following depth intervals: 0 to 1 ft,

1 to 2 ft, 2 to 3 ft.

In addition, a 3-ft soi) profile will be collected in at least
five areas between the mill and the New Mexico-Arizona line
wanere the spilled mill liquor backed up, such as the Pinedale
crossing, in areas identified as contaminated by the ARMS sur-
vey, or as requested by the Environmental Improvement Division,

Two 1000-g surface soil sampies will be taken with the stand-
ardized scoop at each location where a pool was located by UNC
during their August 15 survey, as reported by URC on USGS tepo-
graphic maps submitted to the EID. One sample shall be col-
lected from the area of the pool where the water was deepest,
and the other from the point of discharge from the pool to the
stream,

"A11 soil samples shall be labeled according to the following stand-
ard notation:

range, township, section, smaliest guarter, middle quarter,
largest quarter

date of collection

callector

type of sample (if surface sample, indicate if background, first
terrace, second terrace, hot spot, pool center, pool discharge;

if profile sample, indicate if sample is nearer stream or nearer
cut pank, and indicate depth interval)
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"Description of unusual features (such as presence of salts, etc.],
For example, R16W T17N S3 NEQ1/4 SE1/4 SW1/4 means range l6W, town-
ship 17N, northeast quarter of the southeast guarter of the southwest
quarter of Section 3.

“No other code shall be used without this sample identification.
This program will call for roughly the following number of samples

and analyses:

240
200
200

profiles {40 sampling sites)

first terrace surface samples

second terrace surface semples

not spot surface samples

pool samples

background surface samples

special profile samples {approximately 8 sites)

Total

"This sampling will be completed by QOctober 4, 1979."
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APPENDIX B

DATA FOR RIQ PUERCO ENVIRONMENTAL SAMPLES

KEY TO APPENOIX B SAMPLE CODING

Stake No.: Survey stake number
Level: Concentration in pCifg
Errar: Counting error,

Sample
Type Identification

1 First Terrace

Second Terrate
Concentrated Area
Pool Center

Pool Discharge Point
Background

Core Near Stream
Core Near Cut Bank
Assaciated Salts
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STAKE DISTANCE  SAMPLE THOREUN RADIUN LEAD UkANIUA
0.  METERS TYPE KEFP. LEVEL EKROK LEVEL ERRGK LEVEL ERROR LEVEL EkROE

29 4430 t -2.0 12.0 2.0 1.8 1.7 1.4 2.5 1.2
29 4430 12 15.1 8.3 -1.8 1.7 2.2 1.1 1.4 1.0
31 4704 1 16.0 3.0 ~3.4 1.4 1.2 .9 3.0 .8
3 4704 1 2 12,4 10.8 4.0 1.4 .9 1.2 2.0 1.1
3 4704 ' 3.7 9.0 1.3 .2 .0 1.0 “uh 1.1
3! 4704 & 2 - 7.3 .8 o 1.7 .9 1.4 L9
31 4704 7 -4.8 7.4 A 1.7 2.5 1.0 4.0 1.0
31 1704 r 47,9 15.% =0 2.4 10.7 2.0 4.5 1.4
1 1704 7 3 44.4 10.1 1.4 1.9 5.3 1.3 3.1 1.1
3t A704 8 1 8.3 12.0 -.8 2.0 5.0 1.5 5.5 1.3
31 4704 B 2 .7 H.B 2.4 2.0 5.4 1.2 4.0 1.0
31 4704 8§ 3 14.0 13.0 .9 .2 b 1.4 -.? 1.0%
33 5045 1t -4.9 12.3 2.4 2.0 oA 1.4 2.8 1,4
33 5045 2 1 24,7 10.4 " 2.0 8.0 1.4 6.3 1y
15 5338 I 9.6 12.0 1.4 nl -1 1.8 b P
35 5338 12 2.0 16,0 1.7 .2 .0 3.5 -.% 2.3
35 5338 2 1 4.0 10.9 (.2 .2 4.0 1.3 4 1.0%
37 5816 11 27.0 12.0 .8 | 1.0 t.é V4 1,09
37 5814 2 1 14.0 2.9 o5 a 3.9 1l 1.4 L8
37 5414 3 140.0 24.0 2.2 | 26.0 3.0 3 1.2+
37 5614 Iz 35.0 12.0 1.4 2 5.5 1.2 . 5
37 5414 4 1 -11.% 13.90 5.4 2.0 -1 1.2¢
1% 5899 11 7.4 7.8 5 o 2.8 .9 -6 e
{7 5899 IO 14,0 14,0 1,7 a2 8.4 | - 1.1¢
19 589% 32 -19.,9 1.9 1.4 R 1.5 t.3 .9 t,de
41 4223 (. §7.0 14,0 1.0 A 5.9 2.0 .4 .94
i 4223 t 2 77.0 t3.0 4.4 1.2 A 1.,0¢
4 4223 30 26.0 8.2 1.1 .2 3.9 1.1 94
a1 6223 & 1 17.0 $.7 1.4 o 1.9 1.0 .0 L9
41 4223 & 2 16,0 12.5 .9 ol 167 1.5 -.7 1,04
41 4223 7 1 51.0 14.0 1.2 .2 8.4 1.8 1.2 7.04
a1 4223 7 2 14,9 8.7 .8 . 1.9 .9 .9 .04
a1 £223 7 3 -34.9 13.0 .0 1.0 1.0 1.1%
a0 4223 g 9.9 8.3 1.0 . 1.9 1.0 _ T
4t 4223 8 3 -13.% 10.0 .3 1.3 -7 .8
43 4573 1t 21,0 9.2 .7 2l - 1.0 - .9
43 6573 1z 13.4 10.0 4.4 {1.% 1.9 1.0 2.8 1.0
45 4837 12 3.5 1.0 5 a -.5 1.5 ) L9
45 4819 301 20.0 9.3 5 A .8 .8 -1.0 L5
47 730% 1 30,9 2.0 ~2.7 1.7 4.t 1.2 4.5 1.0
47 730% | 2 -5.9 10.% 1.3 1.5 .0 1.3 1.4 1.1
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STAKE DISTANCE  SAWPLE TRORIUN KALIUM LEAD URANTUM

0. METERS TYPE REP, LEVEL ERROR LEVEL EXROR LEVEL ERRER LEVEL ERROE
87 153150 i 1 1.1 B.7 8.2 1.1 2.3 o ~.2 LA
97 15150 12 LA 15.0 1.3 1.7 3.3 1.8 - =L
¥ 15448 to 4.0 12.¢ 2.8 2.0 1.0 1.3 3 LB
A 15448 P2 38.0 1.0 -9.2 2.8 2.1 1.1 ¥ LG
EA 15448 LI jg.o 11.0 8.0 2.0 4.8 1.3 - 1.0%
e 15448 a2 119.0 1.9 0 2.1 1.0 1.1¢
A 15448 4 13 27.0 12.0 1.2 ot 1.4 1.3 =1 5. t.00
% 15448 A 4 7%.0 15.0 2.5 «3 13.0 1.8 7 1.3
101 15712 too 2.3 7.4 -.2 1.7 3.8 1.0 3 A
101 15212 2 1 28.0 12.0 -4.7 2.5 3.1 1.4 .8 .59
101 15712 i 1 35.0 14.0 1.8 «2 3.1 1.9 -.3 1.2+
1 15712 & 1 -1.7 1.9 ~4,2 2.2 -4 1.1 " od
101 13712 72 1 10,0 8.é .4 t.? .t . 2 .34
(LD 15212 7 2 71 1.0 4.0 4.5 2.3 1.3 0 A
101 15712 7?3 2.9 8.0 B.4 V.0 1.4 1.0 -1 A
104 15712 g 1 3.3 12.0 =7.% 2.3 2.3 1.2 7 3
10} 15712 B 2 8.7 73 2.1 1.9 N ¥ o8 A
(13 15212 8 3 -22.% 12,0 7.3 1.4 Wb 1.3 -.0 A7
103 14042 1 1 8.0 1.9 -1.4 2.2 6.8 1.3 o 38
03 16042 2 ! 51.0 15.0 =48.7 Pud &.1 1.7 1.0 WL
103 14042 LI 20.0 10.0 2.% 1.8 1.3 1.0 s i
195 14244 ! 1 18.0 12.9 3.0 1.5 ~.7 .O¢
103 14244 2 1 2.9 .8 1.0 o1 7 1.1 2.3 1.1*
195 14244 Y 1 210.0 20.0 2.9 .3 8.8 1.6 -4 1.1
17 14489 1 § 2.0 13.4 -5.2 2.0 . 1.3 N 5%
107 1648Y 2 1 34.0 11.0 iy d o7 1.4 1.0 ol Wk
107 146489 2 2 -2.4 4.8 2.0 .3 1.8 .y -.0 o 3%
197 144BY 4 1 37.0 10.¢ 7.3 2.3 2.3 1.1 b A
10% 12013 1 1 16.0 13.0 .4 1.4 3. 1.4 -2 L
10% 17013 2 1 70.8 14,6 -4.3 2.1 2.3 1.3 .6 O
1 17293 ( 1 39.0 13.0 =1.7 2.0 2.3 1.4 3 e
11 17293 2 1 0.0 1.0 ~§.0 2.7 7.7 142 1.0 Ak
(RR 12293 7 1 48.0 $3.0 -2 4 241 1.2 ~2.7 N E
i 17293 22 3.3 10.0 4.8 1.1 1.0 1.6 ~ul LA
i 17293 7 3 7.4 7.0 =.0 1.6 .8 .8 «2 LA
11 17293 B 1 8.7 7.3 6.1 7 2.5 1.0 ~u L3
1 17293 B 2 ~2.4 &.8 a1 1.3 t.o ¥ =1 LAt
111 17293 g 3 -17.% 12.0 -1.8 2.0 .2 1.3 A L3
113 17453 1 1 172.7 13.7 .7 1.8 6.3 1.4 o -
113 17643 2 3.8 11.0 =243 2.2 4.3 1.3 B Rt
113 17945 | 1 39.90 10.¢ 4.1 1.1 bl 1.0



6°4

STAKE DISTANCE  SANPLE THDRIUN RADIHN LEAD URANIUN
WO, HMETERS TYFE REF. LEVEL ERRUK :  LEVEL ERROK LEVEL ERXOR LEVEL EEKRGR

115 17945 2 30.0 7.3 .B .l =ud 1.0 -1 .9
117 18272 } 1 23.% v.0 =i 2.1 1.4 1.0 o4 LA
117 18277 2 1 87.3 13.7 -1B.5 3.0 4.2 1.4 1.7 1
1y 18630 1 1 45.8 10.3 TS 1.4 2,3 1.2 -0 L
1% 18430 2z 1 248.4 14,3 4,7 1.7 2.3 V.8 =0 ¥
121 18887 1 1 -8.7 12.9 3.6 1.4 1.¢ 1.4 ~.0 . o
121 18387 2 1 2.1 1.5 -1.2 2.2 3.2 1 B L
2 18887 & 1 -§.8 ?.1 2.0 v.? 1.0 . 2 LA
2 18687 7 01 é.2 21 3.1 2.1 2.2 1,0 3 4%
2 18887 72 -17.4 10.9 1.3 2.7 3.7 1.4 A s
121 19887 7 3 -15.8 10.8 2.9 1.8 1,2 1.4 . LA
21 18887 8 t 21,0 Vi ~B.9 2.3 Jed ¥ .B 4
121 19887 8 2 741 12.3 1%.7 o7 s 1.2 "4 3 N
21 18887 g8 3 14.% % 3 1.2 1.8 .8 -4 <34
123 19209 1 ! 4.9 13.1 -1.1 2.2 4.2 1.4 " o8
123 19209 2t 34.4 9.6 2.2 2.0 1.0 1.0 .2 L
123 19209 2 2 41.3 it.6 7.6 1.2 P ok 1.2 =5 LA
1235 19555 1 1 t9.0 1.0 2.4 1.4 .8 1.4 -2.2 1.0¢
125 19553 2 1 1.0 13,0 7.7 1.8 1.0 1.2 “.b 1.1+
127 15879, ) i i00.% 1B8.3 -%.5 3.4 4.3 1.0 1.7 o
127 19679 v 2 t2.3 1.9 1.9 1.8 t.0 1.4 .0 .5
127 19879 2 1 B2.9 12,8 -.4 2.5 b.é 1.3 a3 .5
127 19879 2 2 B4.2 14,7 -5.5 2.4 7.6 1.4 .9 .3
129 20189 i 1 28.3 12.3 =2.%5 2.1 1.7 1.5 - 1
12¢ 20189 2 1 45.0 ¥2.0 1.3 . 4.0 1.8 =7 1.2¢
12% 20189 2 2 37.0 13.0 1.9 ot 1.9 1.7 -8 .7
129 20189 LI 27.2 11,2 -6.7 2.9 3.9 1.2 .B Ax
131 20427 1 ' 48.0 13.0 o4 o §.0 1.4 -4 1.0
131 20427 2 1 30.0 15.0 1.0 a 3.8 1.4 .4 1.0+
131 20427 4 1 38.0 13.0 7 % 2,2 1.2 O 1.04
i3 20427 3 2 4.0 14,0 1.5 .2 4.2 1.8 .0 1.1
131 20427 1 1 120.0 154.0 8.5 2.1 9.1 1.6 11,9 1.5

131 20427 8 1 -1.7 ¥.2 1.} t.5 2.5 1.1 1.8 1.0

13} 20427 & 2 .0 12.0 1.4 2 4,2 1.7 -3.B 1.13%
134 20427 8 23.¢ B.7 1.4 1.4 2.3 -8 4.8 1.0

131 20427 8 2 4.0 12.0 2.4 1.4 1.8 1.3 5.1 1.3

131 20427 B3 7.4 8.7 8.4 1.7 ¥ 1.0 2l 1.1

133 20789 1 1 B.% 10.9 4.0 1.8 1.9 1,2 3.0 1,2

133 2078% 2 0.0 10.0 1.7 1.8 2.1 1.3 3.8 .

133 26789 2 1 7.4 B.0 1.4 1.3 % .9 4.8 1.

133 2478¥ z 2 100.0 14.0 14.0 1.7 3.4 1.4 1.3 1.0¥
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STAKE DISTANCE  SANFLE THOK UM RADIIUM LEAD URANTUN
#0. METERS TYPE REP. LEVEL EEROR LEVEL ERROR LEVEL EKRDR LEVEL ERRDR
151 23484 74 Sed 1.0 8 1.4 0 1.2 2.9 1.1
153 23854 | 1 23.0 10.0 2.0 1.4 3.4 1.1 2.0 1.1
153 23834 1 2 12.9 1.8 2.8 1.7 W7 5 3.3 1.1
153 23854 2 1 -B.8 12.0 =2.3 1.8 2.7 1.3 4.3 1.3
153 231834 Z2 2 0.9 13.9 T 1.¢ 4.0 i.4 2.9 1.1
155 2420% 1 1 77.0 13.0 b.b 1.% 1.4 1.2 -.8 1.1%
155 2420% r2 4.9 5.9 5.8 1.8 -4 1.0 4.5 b1
135 24207 2 2.0 12,0 1.9 1.3 t.4 1.2 -.3 t.0
152 2454% t t 33,1 14.2 7.3 2.0 8.3 1.8 .0 14
137 2454% 12 41.0 15.9 4.9 2.0 3.4 1.7 o -5¥
157 2454% i 1 21.2 11.5 4.7 1,4 2.7 1.3 -0 u
15% 24837 i i 23.0¢ 14.0 -11.% 2.7 2l 1.4 1,2 1
159 24957 o2 3.0 16.0 6.8 1.1 3.2 1.1 =1 LA
159 24E57 2 1 4.0 1.9 -7.9 2.4 [ 1.1 -8 .45
13% 24857 4 1 237.0 29,0 1.0 2.6 1.4 1.3
15% 24857 5 1 16.0 14.0 2.7 1.7 .4 1.0%
139 24857 5 B 4.0 20.9 b.1 2:3 .2 1.0+
149 23142 1 1 55,0 16.0 1.6 2.4 4.0 ¥.7 .3 .34
181 251462 1 2 25.9 12.9 1.3 1.4 2.3 1.4 1.0 1
1414 25142 1 3 15,0 11.0 1.0 2.0 5.l 1.1 .2 LA
18) 25142 1 4 27.9 12.8 2.7 1.7 8. 1.1 3.0 Fud
141 25142 LI t52.0 19.0 7.0 2.3 g.1 1.7 11.0 1.4
141 29162 FI | 74.0 17,0 5.7 1.8 - Yod 5.8 1.4
181 25162 8 1 o 9.5 ~ p 2.2 1.1
181 23162 & 2 -B.b 7.3 2.4 .8 -.3 .8*
181 29142 8 1 15.0 9.3 2.9 Vo .0 7 1 A
181 25142 g 2 12.4 B.d 1.4 1.8 1.4 ¥ ol A3
141 25142 g3 3.3 11.0 -4.3 2.4 1.2 1.2 7 A
141 25142 ¥ o1 224.8 25.4 -13.4 4.0 22.3 2.9 2.1 7%
183 25445 2 1 22.0 10.9 -1.7 2.1 1.% ¥ wal LA
T 143 25443 2 2 32.0 13.0 1.1 .1 b2 1,7 o2 1.0*
143 25445 4 1 t20.0 18.0 2.2 -3 12.0 1.7 -1 1.0+
143 25789 t 72.0 17.0 3.5 1.8 4.9 1.4 b1 1.4
147 24034 1 } .0 7. t. 1.4 2.7 1.0 3.4 1.9
b4z 24034 2 1 4.0 th.0 2.9 1.B ) 1.4 4.8 1.5
14% 24324 1 1 28.0 0.0 g.2 1.8 2,2 1.% 3.8 1.0
149 246326 Y2 .0 1.0 .0 1.4 .5 1.2 2.0 1.3
149 26325 ¥t 340 15.0 1.% 1.7 i.9 1.6 ~.3 1,0+
121 28712 1 1 14,0 12.9 4.0 1.9 4.8 1.3 3.4 1.1
121 26712 2 il.0 13.0 3.2 1.7 4.2 1.4 5.1 1.4
17} 26712 2 8.2 B.7 2.7 1.4 Pl 1.¢ 1.7 1.0
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STAKE DISTANCE  S&MPLE THORIUA kablBN LEAD URANTUM

N).  HWETERS TYFE REF. LEVEL ERROK LEVEL ERROR LEVEL ERKDK ILEVEL ERROK

141 28242 7 2. 1.1 8.1 3.6 1.5 2.2 1.0 2.8 1.0

181 28242 73 .0 12.7 -3.4 2.4 1.7 1.4 7 LBt
181 28242 B 1 14,8 8.% -3.8 1.% 3.6 1.0 9.3 1.1

151 28242 B 2 ~5.2 12,8 L) 1.7 2.5 1.4 2.7 t.3

123 28525 1 1 72.6 14.7 ~2.6 2.2 3.0 1.5 B 1.6

183 2852% o2 3.0 1.0 -10.% 2.7 1.5 1.4 1.1 -0s
183 2H523 2 1 40.0 1.0 3.2 1.9 1.7 1.0 3.9 1.1

183 28923 2 2 97.4 2.4 . 2.0 V.l 2.0 5.8 1.2

183 28525 4 1 5.3 12,1 1t.0 7 =1 ba2 =.4 A
183 2B52% 5§ 2 -13.% itao Va0 A 2.1 i.% =i -Bs
183 28525 s 1 3v.0 13.0 2.% 1.7 G (K
185 28772 1 1 15,0 12,0 4.4 2.9 3.9 1,2 b P10
185 28772 1 2 19.0 15.0 3.7 1.8 4.5 1.4 -3 1,04
8% 28272 1 3 23.0 t3.0 6.4 2.1 7.3 1.8 N 1.3*
185 28772 2 1 35.0 1.0 5.7 1.7 1.7 ¥ "9 1.1%
183 28772 22 8.0 14,0 (.9 1.7 =1 B
185 28772 LI 1.0 16.9 4.4 1.9 -4 1.1
185 - 28772 £ 2 5.2 8.3 .3 1.4 =.7 1.3 1.2 1.0
185 28772 501 -14.% 10.0 4.0 1.9 3.4 Tsl b 1.0
187 29101 1 ! AY.4 15.¢ t.8 1.% 2.1 1.3 2.8 1.3

187 29101 ! 2 2.0 13.0 -t.0 2.0 5.4 ted 3.3 1.3

187 25101 2 1 23.3 ?.B -1.2 1.4 1.2 9 2.4 .7

187 2910 I 54.0 15.0 4.0 1.5 1.3 t.0a
187 29103 3 21.0 8.8 -.7 2.1 2.1 1.0 2 LA
188 29271 i 1 30.0 13.0 2.3 1.5 1.0 .9
189 29914 i 1 32.0 13.0 A 1.6 .8 1.0%
18y 29514 1 2 27.0 9.3 «3 7 0 .39
18% 29514 2 1 12.0 12.0 . v.0 1.4 - e
18¢% 29514 2 2 16,0 ¥.0 2.5 1.7 2.2 bl o8 8%
18% 29514 3 12.0 t4.0 4.8 .8 N 1,44
18% 2%514 5 1 32.0 14.0 I t.5 g P 1.2»
1¥1 29833 I 1 16.0 10.9 1.4 1.4 J. 8 1.4 .0 .7
tha) 29833 1 2 10.4 $3.3 1.7 2.8 2.9 1.3 5.2 1.4

191 29833 2 3.7 9.0 2.0 1.¥ t.8 .7 2 LA
191 2%833 2 2 23.0 t3.90 1.0 . 2 t.é 0 .1
191 29833 I 8.7 v.2 14.0 2.3 A .7 -4 1.09
1%1 29813 4 1 1040 18.0 1.9 1.2 2.9 1.8 -0 1.0%
191 29833 L) 1.0 18.0 1.2 o2 a2 1.6 -.3 1.1
171 29831 5 1. 17.6 10.0 . 1.7 . Vw2 e
171 29833 & 1 -27.% 13.0 1.2 1.¥ o 1.3 =1.5 1.1+
1%! 29813 & 2 .0 9.4 1.2 vd 1.5 1.9 -3 1.0%
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STAKE DISTANCE  SAWPLE THORIURM RADIUN . LEAD YRANIUA
ND.  MBETERS TYRE REP, LEVEL ERROR LEVEL EERDR LEVEL ERROR LEVEL ERROR

191 29833 7 28.9 13,0 -1,2 1.4 -.1 1.1%
M 29833 7 2 14.0 8.0 -2 .7 .4 -
191 29833 g8 19.0 B.1 .4 .9 ks -1
193 30123 [ 8.7 9.2 .8 . “1.3 1.0#
193 30123 1 2 45.0 12.0 1.0 A 3.2 bl o -
193 30123 2 1 8.7 7.9 2.4 t.B -5 .0 2.2 1.0

193 33123 2 2 73.0 15.0 -1.8 2.1 5.4 t.? 7.4 1.5

193 30123 3 8.7 2.3 1.4 t.0 1.4 R
193 10123 i 57.0 12.0 -.% 2.0 1.1 ol 5.0 1.2

195 30320 11 6.0 10.0 1.8 1.0 - t.is
195 30320 P2 44,0 17.0 3.8 1.8 -.7 t.04%
195 30320 2 1 12.0 9.0 4 1.4 1.0 1.0 A 94
195 30320 2 2 25.0 .8 2.% 1.1 tob .9
19% 30320 31 115.0 23.0 B. | 2.5 13.0 2.4 2.0 1.54
195 30320 5 30.0 2.4 .8 .6 -.4 9
197 0644 I 7.4 8.0 ~. 4 1.7 1.4 .9 2.8 .9

197 30544 ! 2 122.2 19.0 -.3 2.3 3.8 1.6 7.8 .7

1927 3044 2 1 37.0 3.0 2.3 1.7 - .85
198 k{1138 5 1 43.0 5.0 5.4 1.8 -7 L
198 30819 5 81.0 19.0 1.9 o8 2.3 2.8 -3.3 1.1
19% 30970 1 34.0 12.0 1 2.0 3.3 1.3 5.7 1.3

199 30970 ) 2 16.0 8.5 t.8 ¥ -.4 Dt
19% 30970 2 1 40,7 12.4 -1.1 1.% o4 1.4 .3 5%
199 30970 2 2 89.0 19.0 1. 1 4.4 2.0 .0 1.1
199 30970 301 672.0 14,0 8.2 1.4 -.3 1.3
20 3123% 1 27.0 12.0 .0 1.5 .2 -
201 3123% 12 14,8 %.3 -1.1 1.9 3.6 1.1 4.3 1.2

201 3123¢ 1 3 24.0 B.9 .B K 1.3 1,04
201 3239 2 A -10.% 7.3 2.9 fal A L7
203 31239 4« 4B.0 12,0 2.4 . 4,1 1.3 2.0 Lo
201 31239 6 -17.9 1.0 6.3 1.4 .2 1.1
20 31239 6 2 340 td.0 1.4 .2 2.3 1.4 1.0 1.0
201 31239 7t 27.0 1.0 1,4 .2 2,3 1.0 ~1,2 .9
201 31239 7 2 154, 1 21.7 -4.1 2.4 6.7 1.9 13.9 1.9

201 31239 7 3 ~14,9 7.0 o .B .7 e
201 31239 g8 1 23.0 12.0 .B 1.3 -1 9%
201 31239 B 2 22,0 B.0 1,% 1.4 P4 .8 -.3 1.0
201 31239 B3 -1.7 11.0 -3 1.2 o 9%
203 31479 t ot 9.9 5.7 1,0 Yu? 3.7 1.1 W LA
203 31479 V2 22.0 9.4 M 1.0 A $.0¢
203 3tary rA 24,7 12.% 4.1 . .4 1.4 -4 LA
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STAXE DISTANCE  SANPLE THORIUM RAGILN LE&AD URANILA
ND.  METERS TYPE REP. LEVEL ERROR LEVEL ERRDX LEVEL ERKOR LEVEL ERROR
203 31479 2 2 35.0 14.0 1.3 .3 - 5 1.5 1.4 1.19
203 31479 11 5.0 18.9 7.2 1.9 3.8 1.% 1.4 1.2%
205 31745 1y 3.0 t,0 1.3 1.4 2.1 1.0 .2 L5
205 31745 12 14.9 0.0 2.3 1.4 -1.2 tod A 91
205 31745 2 1 32.0 12.0 4.6 1.5 1.y t.4 -1 1.0%
205 31745 2 2 26.0 11,0 2.6 .9 -3 LR
205 31745 " 30.0 10.0 t.4 1.0 A .8 -4 .93
207 32052 1 19.0 12.0 3.2 1.8 2.7 1.3 1.4 $.1
207 32052 z 1 32.2 10,9 -2.2 2.2 .9 2.0 5.7 1.2
207 32052 2 2 33,7 15.3 -.3 1.7 .2 1.4 4.4 1.4
207 32052 I 37,1 10,6 -.3 2.0 2.1 tal 3.0 1.1
209 32371 1t 28.3 13.0 -1.4 1B -1 1.5 5.0 1.3
209 32371 b2 17.7 10,9 -1.5 1.5 2.7 1.4 4.1 152
209 3231 2 1 24.8 9.9 T 1.8 3.3 11 5.3 1.0
20% 12371 2 2 8.9 12.4 -7 1.7 3.8 1.5 3.1 1.3
209 32371 . 23.0 8.3 -.5 1,7 1.0 .8 4.2 1.0
209 323 9 1 26.0 10.7 2.3 3.t t.4 tal 15.7 1.4
211 32495 1 19.4 10,3 -3.4 1.8 1,8 1.9 .. LA
o 211 32495 2 14.0 11.0 -1.4 1.4 1.9 1.2 .2 54
i 211 12495 P 5.3 12,0 2.3 1.4 1.0 1.0%
WA 211 32495 7 1 8.7 B.1 .7 .8 A .7
M1 12495 7 2 -4.8 7.6 1.4 17 -0 .8 3.1 .9
211 312495 7 3 -14.% 6.5 4.7 b2 A .9 -.0 L3
213 13053 1 21.0 B.1 .7 2.1 1.1t .9 oA s
211 33053 2 1 51.0 13,0 4,2 V.7 1,9 1.4 N 3.4
215 13353 1o 14.0 13.0 4.0 t.7? 3.3 1.7 1.0 -r
215 33353 I 32.0 17,0 -7 1.8 -9 1.0%
217 33464 roy 4.0 12.0 1.5 1.1 o 1.04
217 33484 12 55.0 14,0 .8 N 5.0 1.4 N L0
219 33940 1 26.5 13.4 t.5 2.0 2.9 1,2 6.6 1.4
21% 33940 2t 12.0 1.0 -1 1,7 b 1.0 .2 A
219 313940 I 40.0 1.0 .8 B 2.6 1.9 o3 1.0¢
221 327 Vo1 23.0 14.0 2.1 1.8 -.7 7
121 14327 Yy 2 370 B.4 -1.8 t.7 2.5 ¥ 4.5 1.0
221 14327 &t -3.4 19,0 1.2 ? 1.4 1.1 .5 R
22} 34327 7t 19.B 7.8 -1.4 2.1 2.9 .9 A I Y
221 34327 7 32 9.5 8.4 1.9 .9 .9 B4
221 34327 7 3 14.0 12.0 -2.4 1.5 -1 .B»
221 34327 E 1.2 7.5 2.3 .9 1.3 L9
723 34439 (I 1.0 13.0 A 2 4.2 1.5 .2 1.0%
223 14539 1 2 5.3 12.0 & .t -1 1.4 -1 e
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ND.
223
225
22%
225
225
223
225
227
227
229
229
229
23
231
21t
2N
231
23
23
N
21
233
233
235
239
237
237
237
239
23¢9
239
23y
241
241
241
24t
241
24!
241
241
241

RETERS
J4439
Jag3¢
J4739
34939
34937
3493%
Ja93%
35213
3sa1s
35477
35477
313477
35784
35784
357684
35784
33784
35784
33784
35784
35784
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34415
34435
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I
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I
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STAKE TDISTANCE  SAMPLE THORIUK RADIUN LEAD URANIUR
KQ0. MNETERS TYPE REP. LEVEL ERROR LEVEL EKRDK LEVEL ERRDR LEVEL EKROR

Z4% 1121 1 2 0.0 14,0 od 1.3 2.9 1.7 .B 1.2+
26% 41171 2 | 23.9 ¥.0 2.7 1.7 2.0 1,1 o? 1.00
247 a4 i 1 21.0 12.9 2«3 1.5 .2 1.0+
247 41404 1 2 50,0 .0 7 .2 3.4 1.1 t.8 .7
247 41404 2 1 17.0 1.0 2.3 1.0 -t.7 T
247 1404 2 2 12,0 .0 3 1.3 .8 1.2 -.3 -1
269 1774 1 1 18.4 ¥.7 b 1.4 oA 1.6 2 3%
249 41774 1 2 1.2 ¥.2 5.2 1.8 2.2 1.1 .3 1.2%
269 11774 2 | 21.3 14.4 7.8 1.2 2.3 1.4 ~e2 94
271 42184 ! 1 14.0 13.0 1.0 t.4 =7 .99
274 42184 | 2 44.9 14.0 .9 .1 1.0 1.5 .2 1.2+
271 42184 2 9 18.0 13.9 B .1 3.6 1.5 1.4 1.04
271 42194 2 2 47.0 11.3 1.8 1.9 i ¥ 2.B 1.0
271 42184 & 1 1.0 8.7 N 1.1 .0 1.0
2N 42184 & 2 3.9 13.9 1.3 «2 2.1 1.7 -1 1.04
271 42184 PN 24.4 11.3 =y 1.9 A0 1.3 a1 1.3
271 42184 72 36.4 19.3 -14.5 2.6 .1 .9 1.1 A
271 42184 7 3 35.4 13.5 7.1 2.0 2.1 1.5 o ot
271 42184 g 1 25.0 7. 2.7 1.5 b.3 1.0 -1.0 B
71 42184 g8 2 18.4 8.8 1.3 2.1 2.1 1,0 N 34
271 42184 g 1 .0 10.0 . 1.4 -.7 s
273 42554 1 1 1.8 16,0 1.5 1.3 o4 1.0
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APPENDIX E

DATA FOR SITE VARJABILITY STUDIES

KEY TO APPENDIX E

Level: Concentration in pCifg
Error: Counting Error.

TABLE E.1. Variaoility Stuay No, 1

sample Thorium Radium Leagd Uranium
Number Leve Error Level  Error Level  Error Level Error
0l 3.5 13 - - 257 1.5 .9 1.0
02 17 8.6 - - 1.1 0.93 0.0 0.88
03 27 15 - - 5. 1.6 1.4 0.80
04 -10 9.1 - - 1.0 0.9 0.90 1.0
05 64 17 2.4 0.50 Fsd 2.0 0.6l 1.1
06 72 15 1.7 0.40 8.3 1.5 0.0 0.48
07 a7 20 - - 10 Z.4 -0.,20 1.2
o8 51 13 - - 6.5 i.4 -1.3 1.1
09 170 20 2.6 0.34 16 & it 0,54 1.4
Ja i/ - - 4.6 2.0 0.41 0.9
010 71 17 1.3 0.45 Zx? 1.8 | 1.2
01l 48 13 - - 3.3 1.3 -0, 30 .36
012 30 15 - - 5.8 i.6 1.0 0.84
Ul4 30 14 - - 23 1.5 -1.2 1.2
014 11 12 - - 4,1 1.2 -0.54 .94
015 58 13 - - 4.4 1.2 0.0 0.9
016 71 12 - - 8.7 1.3 0.36 1.1
017 88 16 - - 0,21 1.9 1.0 1.0
olé 81 16 B.1 1.8 7.l 1.8 -1.6 1.0
019 48 le 7.4 £ 9 | I3 0.54 1.9
020 ye 16 2.1 4.8 dal 1 a5 0.7¢ 1.0
0302 5.3 13 2.0 1.6 4.4 1.5 -1.4 0,48
25 13 - - 4.0 1.6 0.6k 0.98
19 2.8 2.1 0.37 2sd 0.35 -0.14 0.22
44 4 - - 1.3 1.4 0.20 0.80
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TABLE E.1. (conta}
Yariability Study No. 1

Sample Thor ium Radium Lead _ Uranium
Number Level Error Leve rror Level Errpr Level Error
0106 -1.2 7.5 - - 3.0 1.0 0.0 0.88
9286 23 13 1.8 0.27 4,2 1.7 -1.0 1.0
0301 22 9.0 3.8 1.5 2.5 1.0 0.19 0.90
0303 30 14 - - 4.0 1.6 0.41 1.0

19 11 1.3 Ll 0.20 1.1
0304 25 11 2.1 1.5 g.0 2.2
0305 3.7 B.7 - - 2.8 1.1 1.4 0.92
0306 -3.7 8.7 - — 247 0.90 0.0 0.77
0307 21 9.2 - 2.6 1.0 0.18 0.87
0308 0.0 9,1 - - 1.6 1.0 0.0 0.92
0401 16 9.8 - - 4.3 1.2 -1.1 0.95
0402 10 8.8 - - 4.1 1.0 1.6 0.94
0403 5.9 11 - - 2.3 1.5 -1.0 0.94
0404 55 15 — — 4.8 1.9 -1.0 Eed
04D5 23 13 - - 1.0 1.7 0.6l 1.1

23 13 = 4.4 1.7 -1.6 0.91
04le 35 13 - - 4.2 1.7 0.61 0.84
G4p7 23 13 0.75 .26 0.63 1.6 0.41 0.87
0408 16 9.3 - - 3.2 1.1 -0.36 0.99
04p9 23 12 3.1 1.4 1.0 0.84

32 10 - - 1.8 1.1 0.54 0.94
Q4010 30 12 - - 0.21 1.7 0.0 1.2
0501 18 10 = - 1.5 1.5 -1,2 0.82
0503 -14 12 - - 2.5 1.6 -1.2 1.1
0509 -15 15 - - 1.5 1.6 0.41 1.3
Q2Ub -8.8 13 - - 4.2 1.5 0.41 Q.87
031 41 12 - 4.4 1.2 -0.18 0.83
Q3ue 57 16 = - 1.5 1.4 0.0 1.0
Q3u3 h8 12 0.54 0.42 5.7 1.2 -0.54 0.97
G3y4 21 9.0 - - 1.2 3,95 0.54 0.74
u3Us 28 13 Ll 1.6 21l 1.6 Q.81 0.86
03Us 52 12 - - 2.4 1.0 0.18 0.90
0401 50 9.1 3.2 1.1 0,90 0.83
Qa2 26 16 = = 7.0 1.2 -1.8 1.0
0403 47 17 = 4.1 1.0 1.6 1.2
0414 48 16 Ial 0.24 7.1 2.0 2.5 1.1
D5U3 7.1 9.7 4.0 1.7 0.47 13 0.20 0.98



TABLE E.2. Variability Study No. 2
Sampie Thorium Radium Lesd Uranium
Number Level Error Level Error Level  Error Level  Error
1]} 34 15 - - 5.8 2.0 i.0 1.3
02 27 14 - - 3.1 1.6 Q.20 0.68
03 7 11 - - Jud 1.0 0.54 0.74
04 27 7 1.1 0.9 P 0.7 1.1 0.7
Q2u6 37 15 - - 5.4 1.8 -1.6 1.2
o3ul 49 12 - - 3.0 1.2 1.4 0.99
0312 14 13 - - 4.4 1.6 0.41 1,2
Q3u3 28 9.7 - - 4.0 1.1 2.0 1.0
0304 32 10 - - 2.3 1.2 -1.6 1.0
Q3us 11 8.5 = - 2.2 1.0 -2.2 0.B1
Q3u6 15 8.8 - - 1.6 (.95 1.1 1.0
o3u7 . id - - 3.3 1.2 1.4 0.99
Q3us 35 11 - - 4.1 1.1 -1.6 i.0
35 Q.4 - - 3.2 1.0 1.3 0.79
03u9 11 13 - - 4.2 1.3 0.82 .87
odul 18 13 - - 1.0 1.3 a.0 0.91
a4z 85 14 - - 4.4 1.8 -0.6l 1.0
04au3 46 10 0.30 0.21 5.1 1.1 0.0 1.2
41 14 - - 2.5 1.7 -1.2 1.1
32 11 - - 2.1 1.1 0.54 0.87
58 12 - - 2.3 1.2 -0.90 0.83
70 13 - - 3.3 1.1 -0.18 1.1
0404 49 12 = - 1.6 1.4 -0.61 0.94
04uU5 Bl iz - - 3.4 1.1 0.36 0.95
0446 148 4.9 12 0.47 5.4 0.4% 1.1 0.27
114 16 - - 5.6 1.3 .90 1.0
04Uz +15] 12 - - 0.0 0.97 .90 1.0
04U8 31 10 - - 0.41 1.1 0.36 0.90
04U 18 11 - - 3.7 1.1 -0.54 1.0
asu3 ~6.¢ 7.1 - - ~0.55 0.6% (.90 0.79
0505 16 13 = - 2.5 1.5 Q.82 1.1
0506 23 11 - - 2.9 0.94 0.91 0.79
05Uu7 42 15 - - 5.2 1.7 g.20 .80
asu8 37 10 - - 0.41 1.0 -0.54 0.74

E o



TABLE E.2. ({contd)
Variapility Study ho. 2

Sample Thor ium Radium Lead Uranium
Number Level Error Level Error  Level Error Level  Error
05U9 159 22 = = 5.4 1.9 1.8 Lok
0 28 14 - - -0.84 1.6 4.0 1.8
0301 66 9.5 6.6 1.3 3.4 0.85 1.1 0.70
0302 167 18 - - 7.0 1.6 1.3 1.l
0401 51 1z 4.9 1.4 3.2 1.0 0.6 0.72
0402 88 13 7.0 1.5 2.3 k.3 0.30 0,75
0502 3.5 7.0 1.5 L.l L.} 1.0 -0.81 0.61

E.4
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APPENDIX ¥

PROPOSED REVISED RIO PUERCO CLEANUP CRITERIA

"The Rew Mexico Environmental Improvement Division (NMEID) on
August 13, 1979 issued an Order to United Nuclear Corporation {UNC})
which regquired UNC to comply with recommendations for a cleanup pro-
gram as described in a letter from Mr. Thomas E. Baca, NMEID, to

Mr. O. D. Turberville, UNC, of the same date. This letter refers to
conaition seven of that August 13 letter.

"In accordance with Section 4-100B of the New Mexico Requlations for
Governing the Health and Enyironmental Aspects of Radiation, every
reasonable effort should be made to maintain radiation exposure as
far below the limits specified in Part Four as practicable. Pursuant
to this section, the staff of the Environmental Improvement Divisian
has eyvaluated cleanup reports submitted by the United Nuclear Cor-
poration, and performed an assessment of the radiation exposures
resulting from the increased radionuclide soil concentrations in the
areas affectea by the spill. Based on the results of these evalua-
tions, the interim cleanup criteria given in condition number seven
of the August 13, 1979 letter will be replaced by the following:

7A. A1) contaminated areas shall be cleaned up to background levels

of all radionpucliges. This criteria shall be considered satis-
tied if the mean concentrations of thorium-230, radium-226 and
lead-210, averaged over nine square feet, are less than or equal
to

thorium-230 3 pCifgram

radium-226 3 pCifgram

Tead-210 3 pCifgram
at the Sﬂﬁfconfidence level,

78. Those areas for which it has not been possible to meet the cri-
teria given in Part 7A, upon approval by the Division, shall
comply with the following criteria;

i. Mean concentrations of thorium-230, radium-226, and

lead-210 shall not exceed the following limits:

thorium-230 60 plifgram

radium-226 10 pCi/fgram

lead-210 10 pCifgram
For the purpose of compliance with this criteria raaionu-
clide concentrations may be averaged over areas with length
of no more than 1000 ft parallel to the arroyo, and width
defined by the bases of the cut banks of the arroyo. This
width shall not exceed 100 ft. Those arroyo areas whose

F.l
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wiaths exceed 100 ft must be separatea into 1000-ft by
100-1t segments, and the radionuclide concentrations aver-
ageo over each segment. All semples to be included in
these averages must be taken from the ares between the
bases of the cut banks.

Mean concentrations of thorium-230, radium-226, and
Tead-210 when averagec over nine square feet, shall not
exceed the following limits:

thorium=-230 150 pCifgram

radium-226 10 pCifgram

leaa-210 20 pCifgram

. The Timits given in Parts 7B.7. and 7B.i7 above will apply

at the 7% upper confidence ievel. Soil samples shall be
taken in accordance with the standardized soil sampling
technique described in the September 25, 1974, letter from
Or. Tea Wplff, NMEID, to Mr. John Abbiss, UNC.™

F.2
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