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NAL WATER SAMPLING PROGRAM
Fred Schamber

September 21, 1971

INTRODUCTION

A water sampling program has been implemented at NAL
in order to detect any conceivable radionuclide contamina-
tion of sub-surface water resulting from accelerator
operation. This memo will detail the past, current and

anticipated operation of this sampling program.

FISCAL YEAR 1971

Analysis Specifications.

The water sampling program was initiated in September
of 1970. U. S. Testing Company (Richland Laboratory,
Richland, Washington) was contracted to perform the analyses.
The specifications for the analyses are described in

Appendix A.

Sample Collection.

During the early part of this time period, two sample
sets were collected each month from two locations. The purpose
here was to establish a baseline of naturally occurring radio-
nuclide concentrations in the vicinity of the accelerator

"footprint" area, to observe fluctuations in these natural

Operated by Universities Research Association Inc. Under Contract with the United States Atomic Energy Commission



™-323
1104.101

levels, to establish confidence in the analytical techniques,
and, of course, to detect increased concentrations due to NAL
operations. Beginning January 1971, the sampling frequency
was decreased to one sample set per month and, in later months,

other sampling locations were added.

Samples taken during this period were intended to tap
two different levels of ground water:

a) Water taken from the Booster Sump #21. This sump
collects much of the ground water in the Linac-Booster area.
Sampling of water from this sump thus provides a means of early
detection of developing contamination problems in this area.

b) Water from farm wells. All of the NAL farm wells used
for sampling tap the 65 foot Silurian aquifer and thus provide

a means of detecting contamination of this important aquifer.

An unmarked sample spiked with known amounts of the radio-
nuclides was included in each shipment as a control. Table I
presents the sampling schedule for FY-Z1. ©Note that samples
taken from municipal water supplies of adjacent towns (provided
from the homes of section members) and from the NAL deep well
were included for comparison of natural radionuclide concentra-

tions in the deeper aquifers.

Results.

At the date of this writing, the analysis results for
sample #14 were not yet available. Of the other samples, only
the NAL deep well sample #12 (.0075 pCi/ml = 0.75 MPC of

radium-226), Batavia sample #13 (.030 pCi/ml = 3MPC of radium),
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and Aurora sample #13 (.024 pCi/ml = 2.4 MPC of radium)
showed significant levels of the radionuclides tested for.
Radium levels of .001 to .003 pCi/ml (0.1 to 0.3 MPC) have
also been observed in Silurian aquifer wells. The MPC values
are provided for comparison purposes only, since these limits

do not apply to naturally occurring radionuclides.

It should be noted that the water samples from the NAL
deep well (samples 12 and 13) were taken during drilling and
cleaning, thus they are not truly representative of the deep
aquifer since extraneous surface water was periodically

pumped into the well to perform these operations.

The agreement of the reported concentrations vs. the
known concentrations of the spiked samples has been generally
excellent to date. Of the four nuclides 22Na, °'Mn, "Be and
H, no result has been reported with an error exceeding the
specified accuracy. In all cases, the spiked concentrations
were detected within the specified sensitivity. In the case
of *%Ca, two results have been reported with errors exceeding
the specified accuracy and in one instance, a very small
concentration was reported when no *°Ca was added. In the
case of thorium, three values have been reported which
differed from the known concentration by more than the
specified accuracy, but all concentrations were detected.
within sensitivity. The performance for radium is difficult

to evaluate since the contribution of 22%Ra from the thorium
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spike typically masks the very weak radium spike. In one
instance, no thorium was added to the spiked solution, and

the radium agreement in this case was excellent.

In summary then, one can have confidence that actual
concentrations of NAL produced radionuclides will indeed be
detected with acceptable accuracy. In particular, it is
encouraging to note that for the two most critical nuclides,

22Na and %H, the results have been in excellent agreement.

FISCAL YEAR 1972

Analysis Specifications.

The specifications for the sample analyses for FY-1972
are detailed in document SRAW-2-71 (see Appendix B). These
specifications differ from the FY-71 specifications primarily
in that the sensitivity for 2%2%Na, *H, ®"Mn and ’Be have been
considerably increased. Also, an attempt has been made to
clarify the anomalous situation pertaining to the reporting
of radium in the presence of thorium. Appendix C discusses

these specifications in somewhat more detail.

The contract for the FY~-1972 analysis service was once

again awarded to U. S. Testing Company.

Sample Collection.

The sampling schedule for FY-72 has been considerably
enlarged. The tentative sampling schedule is given in

Appendix C.
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A total of 20 farm wells have been designated for sampling
purposes and their locations are shown on the attached map.
Of these wells, three are to be sampled every month and 12
will be regularly sampled, three per month on a four month
cycle. The remaining five wells are optional four-month-
cycle wells which will be sampled as time permits and/or
if one of the other wells becomes inaccessible. It will be
noted that most of the designated farm wells form a fairly
dense pattern about the beam lines and experimental areas.
Some wells have been chosen because of their proximity to
site boundaries and/or to the main accelerator. The pattern is
biased towards the eastern side of the site as is consistent
with the generally easterly flow assumed for the Silurian

aquifer.

Samples will continue to be taken from the Booster
sump #21. Starting in July, samples have been taken from
sumps adjoining the transfer hall and from the main ring.
Samples will be taken from sumps located along the external
beams, targets, and experimental halls as soon as soil condi-
tions in these construction areas becomes sufficiently
stable. Samples from the Neutrino area underdrains will
also be collected. Again, such sampling provides an early

detection mechanism.
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Water samples taken from Booster sump #21 following
an extended period of Linac operation have been counted
in the NAL Nuclear Counting Laboratory's low level counting
facility and were found to contain small concentrations
(approximately .07 MPC) of Na?*. Although such small
quantities of this short-lived isotope present no hazard,
the accelerator sumps and disposal areas will be periodically

checked for this nuclide and others.

Surface water samples (streams, holding ponds, and

drainage ditches) will also be collected for analysis.

An additional contingency fund has been allotted to
provide for further sample analyses as required beyond the

tentative 13 samples per month schedule.

On-Site Analysis of Water from Neutrino Lab Underdrains.

It will be a relatively simple matter to continuously
monitor the flow from the Neutrino Lab "bathtub" drains and
underdrains for purposes of control. The prototype equipment
necessary for such gross ??Na monitoring is already on hand.
Grab samples can be taken frequently and analyzed with
greater sensitivity in the NAL Nuclear Counting Laboratory's
low level facilities. Periodic samples will, of course, be
collected and shipped to U. S. Testing for a more comprehensive

analysis.
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FUTURE DEVELOPMENTS IN THE WATER SAMPLING PROGRAM

It is'expected that NAL's water sampling program will

be modified as additional experience is gained.

It is clearly not economical or instructive for NAL to
continue to analyze for radium and thorium on a permanent
basis. The frequency of this monitoring can thus be expected
to be appropriately reduced after sufficient data is accumulated
to establish the natural levels of these naturally occurring

radionuclides.

Reporting

As required by the Atomic Energy Commission Manual,
Chapter 050C, semi-annual reports of the environmental
surveys will be made public. The results of these assays

will be included therein.
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TABLE I
Sampling Schedule for FY-1971
Sample No. Date Shipped Locations
1 Sept. 24, 1970 Booster Sump #21, Well #43, Spiked Sample
2 Oct. 15, 1970 " " "
3 Nov. 2, 1970 " " "
4 Nov. 16, 1970 " " "
5 Dec. 2, 1970 " " n
6 Dec. 15, 1970 " " n
8 Jan. 15, 1971 " n "
9 Feb. 2, 1971 n n "
10 March 5, 1971 " n "
11 April 6, 1971 Booster Sump #21, Wells #38,43,21, Spiked
Sample
12 March 23, 1971 NAL Deep Well, Spiked Sample
13 May 17, 1971 Booster Sump #21, Wells #21,55,43,50,
Batavia, Aurora, NAL Deep Well,
Spiked Sample
14 July 12, 1971 Booster Sump #21, Wells #21,43,64,50,29,49,

NAL Village, Spiked Sample
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-August 31, 1970

Memo to: Miguel Awschalom
"From: Fred Schanber

Subject: BAnalysis of Water-Borne Radioactivity.

I. Specification of the Analysis.

Based upon earlier experiments (TM-247, 1101.3), the only
radionuclides expected to be created by the accelerator in
significant amounts and to be present in leach water leaving the

site are: 3H, 22Na, 4SCa, and 54M

n. Although "Be is not ex-
pected to leach, it may be created in éonsiderable guantities.
Hence, it should aléo be sought in the water analysis. Further-
moxre, natural Ra and Th and their daughters should be included--
at least to the point of reéggnizing and isolating their contxi-
bution to the total activity of the water.

The attached table lists the concéntration‘guides (CG's)
for each of the above radionuclides. These v%lués are taken
from AEC Manual, Chapter 0524, Table II, Col. 2 (water in,un—
controlled areas) and reduced by a factor of three as appropriate
- for large population groups (paragraph II.C.l). The smaller
of the values given for soluble and insolub;e forms has been used
in each case.

The application of the CG's for isotopic mixtures is

indicated in 0524, Table II, Note 1 == namely, E %% £1 whexre Ci

€.
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th nuclide.

is the actual concentration of the i
A desirable sensitivity‘for this analysis is the lower

limit implied in Chapter 0524 (Table II, Note 5). Following

this guideline, the sensitivities shown in the attached table,

column B, are chosen to be € 1/10 the CG in column A. Note

that this implies a safety factor of 0.3 for the case of a

‘null' measurement of each of the seven specified nuclides

| 7oci

'. . ——<O. .
(i.e k) <G, 7)

Colﬁmn C in the table lists the total tolerable error
(random plus systematic). specified for each gnalysis. These
error values were largely developed through an informal
telephone conversation with Mr. Lardy of United States Testing
Company and represent a practical comptomise of reliability
and cost considerations, Using these errors, the total

uncertainty of the sum I %% is calculated to be 0.16
i i

a2 \2 V2 '
[Z (é%l—)}= .16} which is satisfactory.
i i

FS/kg
att.
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TABLE
II. - Specifications for the analysis
A | ’ B C

Radionuclide . CG . - Sensitivity Total Error

(pCi/ml) A{pCi/ml) (pCi/ml)
ca | 3 0.3 £ 0.3
>n o33 .3.3 £ 1.0
H 1000 100 + 25
"Be 667 30 £ 10
226pat+daughters  0.01 0.001 £ 0.001
232

Th+daughters  0.33 0.03 £ 0.02
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July 20, 1971

Specifications for Radiochemical Analysis of Watexr Samples
SRAW-2-71

1. Form of water samples.

1.1 The water samples shall be shipped by NAL in 1/2 gallon
polyethylene jugs. Each jug contains nominally 1.8 liters

of sample solution. Zach jug shall hereafter be referred
to as one sample.

1.2 The samples shall have been treated with hydrochloric acid
by NAL +o obtain a 0.1N HCl solution.

2. Specifications of the analyses.

2.1 The following table gives the regquired minimum sensitivity
and precision of the respective analyses:

: Sensitivity ' Precision
Nuclide oCi/ml pCi/ml
Na-22 0.3 +0.3
H-3 3.0 ' +3.0
Ca=45 0.3 - +0.3
Mn=-54 .05 .+ <05
Be=7 0.5 +0.5
Total Radium . .001 + .001
Total Thorium .03 + .02

2.2 The reguired precision of an analysis shall be the
precision stated in 2.1 or +10%, whichever is greater
(lesser precision). The meaning of the term "precision"
shall be taken to be the total random error calculated
at one standard deviation (68% confidence level).

2.3 The meaning of the term "sensitivity" in 2.1 shall be

taken to be the minimum concentration which can be
detected within the 68% confidence level.

Rad.Phys.Sec.
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SRAW=-2-71 -2- July 20, 1971

3.1

The maximum systematic inaccuracy of any analysis
(calibration error) shall not exceed 10%. That is,
the true concentration present in a sample is required
to lie within the range (assuming 68% confidence) of
True = A x (reported value * reported error) where

A 1s a constant for all analyses of the same nuclide
with maximum range of 0.9 to 1.1. The reported error
shall, of course, be less than or equal to the pre-
cision required in 2.2.

The above specifications on sensitivity and precision
are to be met for each respective nuclide, even in the
presence of any or all of the remaining nuclides. The
maximum concentration of any nuclide may be assumed to
be less than or egqual to: 65 pCi/ml Na-22, 15 pCi/ml Ca—45,
150 pCi/ml Mn-54, 5000 pCi/ml H-3, 3500 pCi/ml Be-7,

.05 pCi/ml total Radium, 1.5 pCl/ml total Thorium.

The term "total Thorium" in the above shall be taken to
mean the sum of Thorium 232 and 228 isotopes.

The term "total Radium” in the above shall be taken to
mean the sum of Ra-226, Ra-223, and Ra-224 isotopes.
Where Thorium 232 and 228 are found to be present in the
sample, the concentration of Ra-224 shall be inferred and
separately reported. That is, using knowledge of the
decay chain and separation procedure, the Ra-224 con=-
tribution to the total Radium concentration shall be
calculated and reported. The precision of the total
Radium value shall be as stated in 2.1, whereas the
percent error in the calculated Ra-224 value may be
twice the percent error allowed for the total Thorium
analysis.

- All of the above analyses shall be performed so as to

include the contribution of insoluble particulate matter
which may be present in the sample.

Miscellaneous
In general, NAL will ship a set of thirteen samples once

per month. Additional samples may also be included at
various times. The minimum shipment may be six samples.

Rad.Phys.Sec.’
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SRAW~2-71 -3~ July 20, 1971

3.2 NAL shall specifically request the type of analysis to be
performed on each sample. Two types of analysis are
defined as:

Type I: . Na-22, Mn-54, Be-7, Ca—45,‘H—3 only

Type II: All of the above plus total Radium and total
Thorium.

3.3 Upon completion of the analyses, the vendor shall prepare
a written report of the analysis results. The results
presented in this report sihiall all be decay corrected to
correspond to a single stated reference date.

3.4 For each sample, the results for each nuclide requested
shall be stated. The results for each nuclide of each
sample shall be stated as concentration # error, where
the error is the experimental uncertainty (68% confidence
level). For each nuclide, the assumed limits of accuracy
(calibration error) shall also be stated.

3.5 The report of the analysis results shall be given to NAL
within 30 days of the receipt of the samples.

Rad.Phys.Sec,
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- APPENDIX C

July 20, 1971

To: Miguel Awschalom
~From: Fred Schamber 3347
Subject: .Radiobhemical Analysis of Water-Samples-fbr FY=72

\

The purpose of this memo is to document the rationale
behind the specification SRAW~2 and to describe the tentative
water sampling schedule.

I. Specification of the Analyses

The justification for the selection of radionuclides to
be tested for has been treated in an earlier memo (August 31,
1970).

The attached table lists the nuclides, the respective
concentration guides from AEC manual chapter 0524 (water in
uncontrolled areas, reduced by a factor of 3 as appropriate
for large population groups), the specified sensitivity and \
precision, and the ratio of sensitivity to concentration guide.
The sensitivities quoted reflect the actual sensitivities
achieved by U. S, Testing Company during the FY-71 series of
analyses. Using these values, the sensitivity flgure-of—merlt
(i CGl) 'ls 0.27 and the uncertainty in this flgure([l CGl Jl/Z
is 15% (both figures assume a 68% confidence level). Allowing
for a worst case calibration error of .10%, the sensitivity
figure-of-merit is then 0.30 which is quite adequate..

The maximum concentrations stated in SRAW-2 paragraph 2.5
represent five times the concentration guide and are thought
to be conservative.

Paragraph 2.7 is intended to specify more precisely the
manner in which Ra=-224 contamination from Thorium is to be
handled. It is here recognized that relatively small- amounts
of Thorium present in the sample will contribute Ra—224 in
gquantities which may mask the Ra=-226 contribution.

It should be pointed out that, to date, the Ra-224 vs.
Ra-226 distinction is important only when "spiked" samples
are being analyzed since Thorium has not been observed in
any actual watexr samples. In any case, since the concentra-
tion guide for Ra=-226 is nearly a factor of 100 smaller than
for Ra=224, it is conservative to sum these contributions and
compare against the concentration guide fox Ra=226. The
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total Radium results reported are thus 1o be interpreted as
upper limits on the Ra—-226 concentration. Special Ra=226
analysis procedures may be warranted if Thorium masking
becomes a problem in actual samples. '

II. Tentative Sampling Schedule

It i1s anticipated that 13 samples will be collected and
shipped each month. The breakdown. is as follows:

NAL deep well
Farm #21 (near Booster)
Farm #43 (Feldott farm)
Farm #49 (on neutrino line)
Rotating farm wells (on 4 month cycle)
Sample from local town
Underdrains and sumps-
Spiked sample.

e
u’lk4 S A

Total

Each month it is anticipated that 4 of the above samples
will be analyzed for total Radium and Thorium (Type II analysis)
as follows: '

NAL deep well
Sample from local town
Selected samples

blNHH

Total
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Analysis Specifications
CG S ; A
(Concentration Guide) . (Sensitivity) (Precision)

Radionuclide pCi/ml : opCi/ml 0 7 pCi/ml " 8/CG

Na2? . - 10 0.3. . 0.3 .02

- cats 3 0.3 0.3 .1
MnS* 33 .05 .05 .0015
- Be’ | 667 0.5 ' 0.5 .007

Total Radium . ' L0L1% .001 w001 0.1

Total Thorium 0.66%%. .03 .02 .05

* The above concentration guide is the 0524 guide for Ra??%,.

This is therxefore an extremely conservative guide for total
Radium.

*% Chapter 0524 gives the concentration guide for natural Thoxrium
as 0.33 pCl/ml with the deflnltlon that 1 Curie of natural
Thorium is equal to 3.7 x 10%° dis/sec from Th2??°® plus
3.7 x 109 dis/sec from Th232%, The concentratlon guide
for total Thorium (assumed to be Th*2% and Th%32% only) is:
thus taken to be twice this: value.-
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