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RCG Note 92~009
June 1, 1992

EVALUATION OF GROUND WATER ANALYSES FOR SAMPLES COLLECTED FROM SEPTEMBER
1989 TO MARCH 1992

C. Wells
Introduction

As a result of the issuance of Pollution Abatement Permit No. VPA01001 on
June 16, 1989 (VPA89), a ground water monitoring program was begun at CEBAF
in September 1989. Initially, six wells and a construction site dewatering
location were monitored on a monthly basis, but starting in October 1990 the
monitoring frequency was changed to quarterly. The six wells selected for
initial site monitoring included one up gradient well, four wells along the
down gradient perimeter of the site, and one well inside the accelerator
ring. Starting with the September 1991 sample, an additional well sanmple was
added to the sampling contract. The additional well sampled was chosen fron
amongst the existing monitoring wells that are not sampled routinely, and was
identified at the time of sampling.

The results of the analyses have been compiled and examined for trends and
signs of addition of contaminants to the ground water system and to document
preoperational ground water quality for compliance with the State Water
Control Board’s antidegradation policy. Plots of the values of several
parameters versus time were made and inspected visually for observable
trends. A statistical analysis comparing the detection ratios of several
radionuclides in the up and down gradient wells was done. Both of these
examinations indicated that there is no evidence that CEBAF is adding
contaminants to the ground water systenm.

During the period of March 1991 to March 1992, operation of the accelerator
consisted of injector tests, the Front End Test, and a recirculation test
using the injector section cavities. The maximum energy reached during the
tests was 85 MeV, but only a short time was spent running at this energy.
The practical maximum energy used during the tests was 45 MeV. The limited
number of neutrons produced in the beam dumps during this test were of
relatively low energy, and thus most would have been attenuated in the beam
dump shielding and structural concrete of the tunnel wall. The low energy of
the neutrons and their almost total absorption in the concrete wall make the
likelihood of activation of ground water constituents very small.

During this period construction activities which tended to dramatically
disrupt ground water flow were completed, and the excavations were back
filled. (Most major excavation work was complete and mostly back filled by
the end of the third quarter of 1991.) This will eliminate a possible
pathway for introduction of ground water contaminants, and allow ground water
flow to establish a steady state condition. Although there is currently no
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evidence to suggest that any contaminants have been added to the ground
water, establishment of a steady state flow regime will enhance our ability
to detect any ground water degradation attribuatable to CEBAF.

This note is intended to supplement and extend RCG Note 91-006.

Trend Analysis

The ground water analysis data were examined to identify potentially
anomalous data and determine if any observable trends exist. Most of the
parameters continued to show 1little variation, so trend analysis was
performed on those parameters which exhibited the most variability or could
be counted on to provide indication of major changes in the ground water
system. The parameters chosen were: pH, conductivity, total metals, gross
alpha, and gross beta. It was decided to compare the values of these
parameters across the gradient identified in the site hydrogeological survey
(Law85). The values for the west arc well were compared separately, as this
is the only well within the linac "race track". The trend of the parameters
was examined over the entire groundwater monitoring period.

For comparison to the up gradient well (GW15), analysis results for the four
down gradient wells (GW2, GW3, GW7, and GW8) were averaged and the standard
deviations computed. The down gradient well average, the west arc well GW-17
(formerly identified as ARC(W)), and the up gradient well values for each
parameter so treated are shown in Tables 2 through 9; the values are shown
graphically in Figures 1 through 5.

Examination of the plots of gross alpha and gross beta show that the
concentrations of the up and down gradient wells follow closely together.
The concentration of gross alpha and gross beta in the water from the west
arc well (GW-17) was, in general, greater than both the up and down gradient
wells until January of 1991. At this time the analysis results both
stabilized and became consistent with the up and down gradient results. Aan
examination of the complete radionuclide results for the west arc well
revealed that there are also higher 1levels of total radium and thorium
isotopes until January 1991. After January 1991, the levels of total radium
and thorium isotopes are not significantly different than in the other wells.
The most probable explanation of this is that the well was drilled through or
near a fossilized deposit of organic materials having a high natural
uranium/radium concentration (Ehl82, Davé66). These radionulcides leach into
the ground water over time, and raise the concentration of these
radionuclides in the water. This natural leaching action was probably
augmented by the disturbances of the ground water flow wrought by the
construction of the accelerator tunnel. (The west arc well is currently the
well closest to the accelerator tunnel, and so would have been the most
affected by construction activities.) Since the deposit is probably quite
localized and ground water flow quite slow, the other wells do not see
increased radionuclide levels.

The pH of the established up gradient well (GW-15) continues to be
significantly lower than the other wells. This well is located just off of
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Jefferson Avenue - a major thoroughfare in Newport News. Rain water run off
with dissolved automobile emission gases most likely enter the ground water
system near this area. The water in this area could thereby become
acidified, causing the lower than average pH trend (Davéé).

Three additional samples were taken from wells that are up gradient of the
accelerator site. The pH in these wells is generally higher than that of
well GW=-15, and closer to the pH of the down gradient wells. This indicates
that the extremely low pH of well GW-15 is a local phenomenon, and that
additional up gradient wells should be sampled regularly to better determine
water quality entering the accelerator site.

The reported tritium result for the west arc well (GW-17) for the thirad
quarter of 1991 exceeded the reporting limit of 1000 pCi/l (the wvalue
reported was 1836 pCi/l.) A reanalysis of the sample was requested. The
tritium level reported for the reanalysis was 1294 pCi/l. A visit to the
laboratory was made by the Operational Health Physicist (R. May) to
investigate these results. The analytical methodology and QA procedures were
reviewed. It was found that even though the QC "spike" ratios were within a
procedurally acceptable range, the activity of the QC samples was over
represented by an average of 60%. Using a correction based on this over
response and the corrected sample count rate the calculated tritium activity
for the GW-17 sample was less than the 1000 pCi/l reporting limit (May92).
Samples taken in subsequent quarters show no tritium above the reporting
limit.

Several of the parameters monitored have been found to be in excess of state
ground water quality standards (quss) (Analytes having the majority of
results above the standards are: iron, manganese, pH, hardness, gross alpha.
Analytes having occasional results above the standards are: lead, zinc, TOC,
total radium, and gross beta.) The Virginia ground water antl-degradatlon
pollcy states that, in light of the fact that natural ground water quallty
varies from area to area, if any constituent exceeds the 1limit in the
standard for that constituent, no addition of that constituent to the
naturally occurring concentration shall be made. Since the accelerator has
experienced only limited operation, and the operations conducted involved
energies too low to produce most of the radionuclides of interest, the
analytical results of the ground water samples thus far obtained can be said
to reflect the naturally occurring concentrations of the analytes.

A statistical analysis of the radionuclide data was completed to determine if
there was evidence of contamination (ie., higher than "background" levels) in
the down gradient wells as compared to the up gradient well. The method used
was a test of proportions as found in Section 8.1.2 of EPA89. Included in
the test of proportions is a check to ensure that the data approximate a
normal distribution. For a discussion of the test of proportions, please see
the applicable portions of EPA8S89 or May9l.

Prior to performing statistical calculations, the data were visually checked
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for anomalies. No values were identified as outliers or otherwise anomalous
other than those previously so identified (May9l).

The three samples taken from wells that are hydrologically up gradient of the
accelerator site were checked to verify that they exhibit the same
characteristics as well GW-15. A chi squared test (x°) was used to test the
radionuclide data, and a test of the difference between two means (using
small sample statistics) was used for non-radicactive analytes (Men75).
These tests showed that, at the 95% confidence level, the sample results from
GW-15 and the three additional wells are from the same population. As a
result the sample results for the three additional wells were included in the
test of proportions as up gradient wells.

The test of proportions was performed on data for gross alpha, gross beta,
calcium 45, total radium, strontium 90, thorium 230, and thorium 232. (The
other monitored radionuclides did not have any analysis results greater than
the detection limit, and so it was assumed that there was no significant
change in concentration levels between the up and down gradient wells.) The
test indicated that the data did conform to an approximation of a normal
distribution. The computed statistic Z was <£1.96 for each of above
parameters; thus it can be said that, within the 95% confidence level, there
is no radioactive contamination being added to the ground water system by
CEBAF. Table 1 lists the parameters and the values for the calculation
variables as well as the value of Z. (A sample calculation is shown in
Appendix A.)

Table 1: Test of Proportions Data

Parameter Number of Number of Number of Number of Computed

Detections Detections Samples Samples Statistic

in the in the from the from the Z

Background Down Grad. Background Down Grad.

Well Wells Well Wells
Gross Alpha 12 64 22 111 0.27
Gross Beta 13 62 22 111 0.28
Total Ra 9 49 22 111 0.28
sr* 3 17 22 111 0.20
Th=?*° 3 26 21 105 0.99
Th**2 2 18 22 111 0.85

A Spearmans rank correlation coefficient test (Men75) was performed on data
from the west arc well to determine the correlation (if any) between the
values for gross alpha and gross beta, and Th*° and Th*?. Data previously
identified as outliers were not used in this test. The test showed that the
gross alpha and dgross beta values had good correlation over the entire
sampling history. This indicates that the alpha and beta results are in an
equilibrium condition and suggests the presence of a naturally occurring
decay chain. The values for Th***° and Th*** isotopes correlate well over the
sampling history.
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Thorium 232 is the parent of the thorium decay chain and thorium 230 is a
menber of the U*® decay chain. This, in conjunction with the above test
results, suggests the strong probability of a localized concentration of
thorium and uranium in fossilized organic matter. This, as previously
suggested, would be responsible for the higher concentrations of alpha and
beta emitters in the west arc well water, and could also contribute to higher
concentrations of other analytes (ie. hardness, conductivity, and metals).

sSummar nd Futu j ics

The examination of the ground water data accumulated since commencement of
sampling (September 1989) shows that, for parameters showing variability in
their values, no significant amounts of contaminants has been added to the
ground water as it passed through the CEBAF site. The trend analysis
revealed that, initially, the samples drawn from the well within the
accelerator ring had consistently higher concentrations of alpha and beta
emitting radionuclides than the other wells, and that the up gradient well
has a much lower pH than the other wells. Both of these trends could be a
result of the particular placement of the respective wells and/or
construction activities, and not a result of ground water contamination due
to CEBAF’s operations. A statistical analysis of radionuclide results
verifies that there is no radioactive contamination attributable to CEBAF
operations.

While the current use of one up gradient well shows that there is no
contamination being added to the ground water as it crosses the site, the
addition of at least one other up gradient well would narrow the permissible
difference between the probabilities of analyte detection in the up and down
gradient wells. This would provide a more sensitive and positive indication
of possible added contamination in the future. This is based upon the fact
that the probability of accepting a false positive indication of non-
contamination is reduced as the number of samples is increased, thereby
increasing the probability that any contamination will be detected.
Additionally, the addition of at least one up gradient well will provide a
check on the trends of such parameters as pH, conductivity, and ToC.

Samples were taken from three wells that are up gradient of the site. The
sample results showed that the low pH trend shown in well GW-15 is a local
phenhomenon. These samples also demonstrate the usefulness of having
additional up gradient wells which are sampled regularly.

As more data become available, it would be useful and appropriate to
normalize the data to account for any seasonal variations, and construct a
combined Shewart-Cumulative sum control chart. The seasonal correction helps
to minimize the chance of a false positive or false negative indication of
well contamination. The control chart can be used to monitor the inherent
statistical wvariation of the data and to flag anomalous values. A
sufficiently large data set will have been accumulated prior to the
accelerator becoming operational so that these methods can be used.
Descrlptlons of these methods and procedures for accomplishing them can be
found in Section 7 of EPAS89.
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E Figufe 1: Graph of Gross Alpha Concentration
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" Figure 2: Graph of Gross Beta Concentration
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Figure 3: Graph of Ground Water pH
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- Figure 4: Graph of Ground Water Conductivity
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Table 2: Analysis Data for Well Gi2 - March 1991 to March 1992

MR YRAR pi COMD T0C GRALPHA (4) GRBEM (f) 'RITIM (4 K22 Na-lU Be=7  Ca=i5 (%)
MAR 91 7.00 450.00 3.04 < 2.00 < 3,00 < 1000.00 <15.00 < 20.00 <127.00 < 1.00

JU§ 91 6.50 700.00 5.88 < 2.00 < 3,00 < 1000.00 <000 <20.00 < 7,00 <1.00

SEP 91 5.50 450,00 8.18 4.00 (2.00) 16,00 (4.00) < 1000.00 <20.00 <20.00 <242.00 < 1.00

DEC 91 7.40 430,00 2.85 < 2.00 7.00 (4.00) < 100000 <20.00 <20.00 < 131.00 < 5.00

MR 92 7.70 423.00 1.6 < 2.0 7.00 {3.00) < 1000.00 < 5.00 <20.00 < 40.00 <5.00

WONTH YEAR TOTAL Ra {+)  Sr-90 (1) BS54 Co-60 (=134 =230 (1) M-B2(f) Call3 OO G Fe
MR 91 <1.00 <0.70 < 15,00 <10,00 <10.00 notel <1.00 230,00 < 25.00 0,002 .33
Ji 8 3.00 (1.00) < 0.70 < 8,00 < B.00 <77.00 <1.00 <100 1500.00 31,00 0.002 11.00
SEP 91 <00 <0.70 < 20,00 <17.00 <17.00 < 1.00 <1.00 230,00 < 25.00 0.002 2.77
DEC 91  2.00 (1.00) < 0.70 <L <1100 < 9,00 <1.00 < 1.00 290,00 34,00 0,007 2.25
MR 92 <1.00 <0.70 < 400 < 4,00 < 400 <1.00 < L00 230,00  53.00 <0.001 2.50
MRTE YEAR  Pb )| B in Mo GNELRV

MAR 91 <0.010 0,134 <0.01 <0.00 31.60 6,00 “Note 1: Analysis mot perforsed, reason unknoum,

JO 91 <0.050 0.960 <0.04 0.07 30.80 18.%0 Yote 2: See Table 10 for mmits.

SEP 8l <0010 0,152 <0,01 0.05 22.30 22.30

DEC 81 <0.010 0.09 <0.01 0.02 24.30 24.80

MAR 92 <0.,05 0.100 <0.04 0.01 30.00 23.25

Table 3; Analysis Data for Well Gi3 - March 1991 to March 1992

MONTH YEAR pH  COND TOC GRALPHA (f) GRBERA (¢ |IRITION (i) Na-22  Ha 4 Be-7 Ca-45 (i)
MR 91 7.60 400.00 3.69 < 2,00 <30 < 1000,00 <10.00 <20.00 < 82.00 < 1.00

JIN 91 7.10 500,00 4.5¢ < 2.00 < 3.00 < 1000.00 < 20,00 <20.00 <13500 <1.00

SEP 91 7.00 400.00 6.85 < 2.00 < 3.00 < 1000.00 <20.00 <2000 <112.00 <1.00

DEC 91 7.50 44000 4.21 < 2.00 < 1.00 < 1000.00 <17,00 <20.00 < 158,00 <1.00

BR 92 7.40 422,00 1.41 < 2.00 14.00 (3.00) < 1000.00 <13.00 <20.00 <113.00 <1.00
NONTH YEAR TOTAL Ra (f) Sr-30 ()  Mn-54  Co-60  Cs-134 Th-230 (f) |'Hh-232 (%) (CalO3 co0 G Pe
MR 91 <1.00 < 0.60 <9.00 <10.00 <10.00  potel <1.0 220,00 38,00 < 0.001 1.03
JOE 91 <1.00 < 0.90 <15.00 < 10.00 < 10,00 < 1.00 <1.00 250,00 44,00 0,002 3.20
S 91 <l.00 <0.70 <9.00 < B,00 < 8,00 <1.00 <1.00 230,00 41,00 0,002 1.35
DEC 91 <1.00 <0.7 <16.00 < 18.00 < 16,00 <1.00 <1.00 230,00 26,00 0.002 4.1
BR 92 <100 <0.70 <A1.00 < 12,00 < 22.00 <1.00 < 1.00 280.00 38.00 <0.001 1.11
BONTH YEAR P n | in Na  GWELEV

MR 91 0.020 0,053 <0.01 0,01 29.90 19,00 Note 1: Analysis not performed, reason unknown,

JUE 91 <0.050 0.050 <0.04 0.02 29.60 41.50 Note 2: See Table 10 for wmits.

SEP 91 0.010 0.032 <0.01 0.0 29,40 19.80

DEC 4 0.010 0,122 <0.00 0.01 33.00 3.9

WP 92 <0.050 0.040 <0.04 <0.01 27.00 3.5
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fable 4: Analysis Data for Well Gi7 - March 1991 to Narch 1992

NOFTE YEAR pi  COND T0C GRALFA (f) GRBETA (f) TRITIOM (%) N-22  Na-24 Be-7  Ca-45 (%)

MR 9 6.80 300.00 3.42 59,00 (6.00)  105.00 (7.00) < 1000.00 <20.00 <20.00 <164.00 < 1.00
JB 91 6.80 311,00 5.29 < 2,00 < 3.00 < 1000.00 <20.00 <20.00 < 99.00 <1.00
SEP 91 6.80 310,00 6.76 < 2,00 <300 < 1000.00 < 20,00 <20.00 <112.00 <1.00
DEC 91 6.60 250.00 2.% < 2.00 < 3,00 < 1000.00 <16.00 < 20,00 <143.00 <1.00
MR 92 670 320,00 3.40 < 2.00 10,00 (3.00) < 1000.00 <12.00 <20.00 <193.00 < 1.00

TSI

MU VEAR TOTAL Ra (%) -390 (Y) MM Co-60 Cs-1M 230 (¢) Th-232 (f)  Cat03 oD G Fe

MR 91 3,00 (1.00) < 0.60 <18.00 < 10.00 < 10.00 notel < 1.00 aA0.00 <25.00 0.001 2.52
Ju 91 <1.00 <0.70 <11.00 <12.00 < 10,00 < 1.00 <1.00 170.00 <25.00 0.004 5.10
S 91 <1.00 <0.70 < 8.00 < 9,00 < 8.00 < 1.00 <1.00 150.00 38.00 0.002 .19
DEC 91 <1.00 <0.70 < 16.00 <15.00 < 14.00 < 1.00 < 1.00 130.00 28,00 0.002 6.01
BR 92 <1.00 < 0.70 <1000 <21.00 <19.00 < 1.00 <100 150.00 42,00 <0.001 3.50

NFHE TRR P B N & M GELW

MR 91 0.00 0.231 <0.01 0.04 13.00 12.00 - Fote 1: Amalysis mot performed, reason unknown.
JIN 91 <0.050 0.250 <0.09 0.08 14,20 19.75 Note 2: See Table 10 for units,

SEP 91 «<0.010 072 017 0.07 1420 25.60

DEc o1 0.050 o0.420 <0.01 0.06 13.50 2.3

MR 92 <0.050 0,170 <0.04 0.05 14,00 20,29

Table 5: Analysis Data for Well QWS - March 1991 to Narch 1992

N YEAR pH  COND NC GRAIPER (4) GRBERA (f) WINIIM (4) Na-22 -4 B Ca~45 (1)

MR 91 6.80 550.00 3.42 <2.00 < 3.00 < 1000.00 <12.00 < 20,00 <110.00 < 1.00
JE 91 690 520,00 3.8 < 2.00 <3.00 < 1000.00 <20.00 < 20.00 <130.00 <1.00
SEP 91 6,70 600.00 12.80 < 2.00 < 3.00 < 1000.00 <2000 <20.00 <131.00 <1.00
DEC 91 6.9 490.00 3.51 < 2.00 < 3.00 < 1080.00 <19.00 < 20,00 < 160.00 < 6.00
MR 92 7.10 500,00 2.02 <2.00 4.00 (3.00) < 1000.00 <1200 < 20,00 < 187,00 <5.00

KON YEAR TOTAL Ba (f) Sr-90 (f) M54 Co-60  Ce-134 T-230 (¢) 232 (1) Calld o G Fe

MR 9 <100 <0.70 <12,00 <10.00 <10.00 notel < 1.0 380,00 <25.00 0.002 8.97
JW 91 <L00 1.00 (0.20) < 20.00 < 10.00 < 10.00 <1.00 <1.00 350,00 3400 0.001  8.%0
SEP 9 <1.00 <0.70 <11.00 <11.00 < 9.00 <1.00 < 1.00 390.00 30.00 0.003 9.4
DEC 91 <100 <0.70 <18.00 <17.00 <15.00 <1.00 <1.00 330.00 26,00 0,002  9.38
MR 92 <1.00 <0.70 <21.00 <11.00 <19.00 <1.00 <1.00 380,00 25.00 «<0.001 .70

MNH YEAR Pb . | i i R GELEY

MR 91 <0.000 0.266 <0.01 0.01 12.50 12,00 Bote 1: Analysis not performed, reason unknown.
JU 91 <0.050 0.290 < 0.04 003 1,90 19,70  Note 2: See Table 10 for units.

SEP 91 <0.010 0,233 <0.01 0.04 9.40  26.00

DEC 91 <0.010 0,258 <0.01 0.02 1010 21.95

BR 9 <0,050 0.320 <0.0¢ 0.00 13.00 20.67
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Table 6: Analysis Data for Well GN15 - March 1991 to March 1992

NN YEAR pE OO TOC GRALPHA (f) GRBETA (f) RITIOM (f) 22 B} Be-7 Ca~45 ()
MR 91 5.70 160.00 3.21 < 2,00 < 3,00 < 1000.00 <20,00 <20.00 <161.00 < 1,00
JOI 91 5,80 150,00 3.30 < 2.00 < 3,00 < 1000.00 < 20,00 < 20.00 <138.00 <1.00
; SEP 91 6,20 293,00 6.80 < 2.00 < 3.00 < 1000,00 < 20,00 < 20.00 < 280,00 < 1.00
; DEC 51 5.40 100.00 S.2¢  9.00 (2.00) 12.00 (4.00) < 1000.00 < 18.00 < 20,00 < 158,00 < 5.00
z MAR 92 5.00 81,00 1,05 <2.00 4,00 (3.00) < 1000.00 <1200 <20.00 <108.00 < 5.00
. NOFH YEAR TOTAL Ra (#) Sr-30 (¢} Mp-S4 G060 Cs-134 230 (1) M-232 (¢) Ca003 (14 ) & | Fe
i MR 91 <L00 <0.70 < 18,00 <10.00 <1000 notel <100 4,00 4100 0,001 17.3
: JE 9 <100 0.70 (0.20) < 12.00 < 10.60 < 10.00 < 1.00 <1.00 52.00 < 25,00 0,004 21.80
SEP 91 < 1.00 <0.70 < 25.00 <23.00 <20.00 «<1.00 < 1.00 64.00 30,00 <0.001 16.60
DEE 9 2.00 (1.00) <0.70 <1600 <17.00 <15.00 < 1.00 < 1.00 32,00 <25.00 0,002 3.3
KAR 92 <00 <0.70 <1100 <13,00 <11.00 < 1.00 < 1.00 4.00 <2500 0.001 0.9
T YRR P Mo M In R GELEY
MAR 91 <0.,010 0.183 0.05 0.05 13.20  6.00 -Note 1: Analysis pot performed, reasom unknown.
JOE 91 <0.050 0.0 <0.04 0,06 17,70 26.30 Rote 2: See Table 10 for units.
SEP 91 <0.010 0.229 0.01 0.03 1590 22,70
DEC 91 <0.010 0.099 0.01 0.03 13.30 2410
MR 92 <0,050 0.100 <0.04 0.02 11.00 23,39
Table 7: Analysis Data for Well G17 - March 1991 to March 1992
MORTE YRAR pH  COND T0C GRAIPHA (t) GRBERA (f) YTRITIM (%) N2 I~ Be? Ca-45 (¢)
MR 91 6.20 400.00  4.05 < 2.B0 < 3,00 < 1000.00 <16.00 <20.00 <137.00 < 1.00
JO 51 6,30 451,00  5.05 < 2.00 < 3.00 note 3 < 20,00 <20.00 < 92.00 < 1.00
SEP 91 6,40 450.00 9.08 <200 < 3.00 < 1000.00 < 20.00 < 20.00 < 140.00 < 1,00
DEC 91 5.40 340,00  5.64  7.00 (2.00) 8.00 (4.00) < 1000.09 <00 <2000 <117.00 <500
MR 92 630 312.00 2.27  4.00 (2.00) 9.00 (3.00) < 1000.00 < 22,00 <20.00 < 127.00 < 5.00
NONTH YEAR TOTAL Ra (#) Sr-%0 (f) |Mn~54 Co-60 Cs~134 Th-230 (#) =232 (¥) Ca0®3 (0¢1] Cu Pe
R 91 <100 <0,70 <16.00 <10.00 <1000 motel <1.00 190,00 < 25.00 0.004 16.90
JE 9 3.00 (1,00) 0,80 {0.20) < 9.00 <10.00 < 9.00 < 1.00 <1.00 180.00 < 25.00 0.004 16.40
S 91 <L <0.70 <13.00 <13.00 <1100 < 1.00 <1.00 210,00 < 25.00 0.001  15.80
DEC 91 < 1.00 <0.70 €<23.00 <2500 <20.00 <1.00 <1.00 150.00 34,00 0.002 14.30
WR 92 <10 < 0.70 <2.00 < 3,00 < 4,00 <1,00 <100 130.00 44,00 <0.001  12.80
MNTH YRAR Bb M N in 2 GNELEY
BR 91 <0.010 0.46 <0.01 <0001 24,60 8.00 ote 1: Amalysis mot performed, reason unknoem.
JE 91 <0.050 0.120 <0.04 0.02 23.00 19.75  [Kote 2: See Table 10 for wnits.
SEP 91 <0.00 0.117 <0.01 0.01 22.70 19.40  Note 3: Originally reported as 1836 (4632) PCi/1, subsequent investigation
DEC 91 <0.010 0.120 <0.00 0,02 20.80 22.10 shoved value to be < 1000 pCi/l.
MR 92 <0,050 0.040 <O0.04 <001 22.00 23.88
cl\!ﬁi\ﬂnﬂ!z.eﬁ “



fable 8: Analysis Data for Construction Devater Samples - March 1991 to March 1992
WFTH YEAR pi  COND T0C GRALPEA () GRBBTA (f) TRITIIM Be-22 =2 Be’ Ca-45 (1)

WR 91 7.50 350,00 3.06 8,00 (3.00) 194.00 (9.00) < 1000.00 < 21.00 < 20,00 <170.00 < 1.00
JUI 91 B.00 50000 9.55  4.00 (2.00) 15.00 (B.00) < 1000.00 < 20,00 < 20.00 < 130.00 < 1.00
SEP 91 mtel

DEC 91 7.20 790.00 7.39  6.00 (3.00) 8.00 (4.00) < 1000.00 < 18.00 < 20.00 < 176.00 < 5.00
MR 92 7.0 730.00 2,76  6.00 (2.00) 22.00 (4.00) < 1000,00 < 15.00 < 20.00 < 128,00 < 5.00

-

MO YEAR TOTAL Ra (f) Sr-90 (f) Mn=54 Co-60  (f) Csel34 TR-230 (&) Th-232 (1) CaOO) o0 o} Fe

MR 91 <100 < 0.60 <19.00 < 10.00 <1000 mote]l <100 20,00 26.00 0.003 176
JUN 91 3.00 (1.00) 1.10 (0.40) < 19.00 < 10.00 <1000 <1.00 <1.00 350,00  67.00 0,025 16.00
S 9

DEC 91  2.00 (1.00) < 0.70 <16.00 < 17.00 <15.00 <1.00 <1.00 470.00 3400 0.003 2.17
BR 92 2,00 (1.00) <0.70 <15.00 < 6,00 <400 <100 <1.00 760.00 4200 0.004 5.70

NOFH YRR Pb B K in N GNELKV

91 0.010 0.094 <0.01 0,03 17,70 0.00 -Note 1: Analysis not performed, reason unknown,

91 <0.05 0.110 <0.04 0.09 24.70 0.00 Note 2: Fo sample taken dne to no surface water available.
9 Note 3: See Table 10 for units.

91 <0.010 0.175 <0.01 0.01 29.3¢ 0.00

92 <0.050 0.280 <0.04 0.06 29.00 0.00

EB8SQE

Table 9: Analysis Data for Additional Sasples ~ Narch 1991 to March 1992

MELL WO YEAR pE  COND TOC AFEA (Y) GRBERA (¢) TRITIN Be-22 =M Be? Ca45 (%)

G4 SEP 91 6,20 278.00 7.80 12.00 (8.00) 21.00(1¢.00) < 1000.00 < 20.00 < 20.00 < 220.00 < 1.00

G-l DEC 91 6.80 370.00 170  9.00 (2.00) 12.00 (4.00) < 1000.00 < 26.00 < 20.00 < 200.00 < 5.00

@G-l6 MR 92 6.30 115.00 0.1 3,00 (1.00) 4.00 (3.00) < 1000.00 < 14,00 < 20,00 < 103.00 < 5.00

VELL NNTH YEAR TOTAL Ra (#) Sr-90 (f) EeeS4 Co-60  (f) Cs-134 230 (f) M-232 (1) Cat03 o Qu fe
Gi=l4 SEP 91 9.00 (1.00) < 0.70 < 19.00 < 18.00 <1600 <l.00 <l.00 50.00 150.00 0.002 15.00
G-13 DBC 91 <100 < 0.70 < 22.00 < 23,00 <A <00 <100 20,00 2.0 0.002 1,57
Gi-16 MR 92 <1.00 <070 < 12,00 <14.00 <100 <L <100 40,00 37,00 <0.001 3.50
NELL, WOF¥NH TER B I )} in B GEELEV

Gi-14 SEP 91 <0.0010 0.375 <0.01 0.03 16.20 27.00 Note 1: Analysis not performed, reason unknovn.

G-13 DEC 91 <0.010 0.14 <0.01 0.01 15.80 10.50 Tote 2: See Table 10 for units.
Gi-16 MAR 92 <0.050 0.480 <0.04 0.03 9.00 29.19
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Table 10; Units

o Standard pif units
Conductivity jahos /ca
%0C, Caco3, 00, wg/l

i petals (Cu, Fe, Bb,
| M, B, in, Ka)
: radio-isotopes  pCi/l

G Elevation feet above sea level

e \WRSl\gwiata92.ctv
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4

Appendix A Sample Calculation for Test of Proportions

The sample calculation will be done with the values for gross alpha. The
variables and their values are:
X - number of up gradient well samples with detectable concentrations of
gross alpha. Value for this calculation: 12
Y - number of down gradient well samples with detectable concentrations
of gross alpha. Value for this calculation: 64
n, - number of up gradient well samples analyzed. Value for this
calculation: 22
n. = number of down gradient well samples analyzed. Value for this
calculation: 111

(X+Y) _ (64+12) _ 76

-0.571
(n,+n,) (22+111) 133

nf=133(0.571) =76
n(1-P) =133(1-0.571) =57
Since P, and P. are greater than 5, the normal approximation may be used. The

next step is to compute the proportion of detects in the up and down gradient
wells.

§-£-1_2-0_545
P n, 22

ﬁc-l-ﬁ.-o.577
n 111

The standard error of the difference of the proportions is calculated:

0.5
wlnl s 2)
(n,+n.) (n,+n.) \'n, n.
[ (12+64) (o, (12+64)y 1 . 1 \]°°
[(22+111) (22+111)(22 111)]
=0.116

Then the statistic Z is formed:

_(Pp-PB)  (0.577-0.545)
SD 0.116

zZ =0.270

Since this value is less than 1.96 we can say that there is no statistical
evidence of contamination.
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