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)4I. Introduction.
1

Landmark Reclamation was directed by Cyprus Metals to per-
form a testing program to determine radiological contamination
levels within the ARCO Bluewater 3X building. The work was per- )
formed in accordance with ARCO Radiation Work Permit (RWP) 89-015 J

and applicable Nuclear Regulatory Commission (NRC) regulations.

The purpose of the testing program was three fold.

Establish a quantitative basis for determining the*

necessary sample size to adequate characterize materials
for release for unrestricted use or rejection.

Determine the adequacy of various cleaning methods*

available for decontamination of equipment / materials.

Perform a general survey to determine radiological con-*

tamination associated with siding and recycle lines.

r
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II. Statistical Analysis of Radiological Surface Contamination !
on the Interior of SX Tanks. ;

6

Landmark Reclamation measured radiological contamination !

levels associated with selected tanks and materials associated
with the SX circuit at the ARCO Bluewater Mill. The purpose of q
the testing was to establish a quantitative basis for determining )
the necessary sample size to adequately characterize mate- |rials / equipment toIae released for unrestricted use. !

Materials /equipmens to be released are governed by " Guide-
lines for Decor.ttmination of Facilities and Equipment Prior to i
Release for Ur eetricted Use" issued by the Nuclear Regulatory |Commission. Yhis guideline specifies that equipment / materials
must not exceea 15,000 disintegrations per minute (dpm) per 100

2 2cm total alpha radiation at a maximum. 5000 dpm per 100 cm
total alpha radiation on average, or 1000 dpm per 100 cm remov- )

2

able alpaa radiation. l

METHOD

A review of the flui sheet associated with the SX circuit
was made to dete.rmine the areas moct likely to have the highest ,

levels of surface contamination. Extraction Settler Tank #1 and |
Strip Settler Tank #1 were selected for the following reasons. !

l

Highest concentrations of soluble uranium of any other*

location within the circuit.

Extraction Tank #1 received solutions directly frora the*
,

leach circuit. J

Strip Settler Tank #1 received pregnant organic solu- i
*

tions with the highest concentrations of entrained !

uranium.

Refer to Appendix A for photographs of the test area pro-
cedures.

Tanks were first c1 caned using high pressure water only. |Tanks were swept wet and then allowed to dry. No special clean- |
ing procedures, other than those described, were employed. Then 1

a grid for sampling purposes was established in each tank. The i

grids were established 'ay using a chalk line and tape to mark one
square meter increments. Grid corners and identification numbers
were marked using indelible paint. Grid #1 was established in
Extraction Settler Tank #1. Grid cells were established both cn
the floor and sides of the tank. A total of 71 grid squares were ;

established as part of Grid #1.

Grid #2 was established in Strip Settler Tank #1. The tank
I

was cleaned and a grid established just as for Extraction Tank |
#1. No grid squares were established on the side of the Strip
Set,t,ler Tank #1, howmr . A total of 50 grid squares were es-
tablished in Grid #2.

- _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ __
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A grid square one square meter in dimension was selected for
a " nested" sampling as well. Eighty four (84) grid locations
were established within this m2 grid cell.

Measurements of total and removable alpha radiation were
then made using an Eberline ESP-1 programmable equipped with an
AC 3-7 alpha scintillation probe. Alpha swipes were collected
for those grid locations indicating total alpha radiation of 500

2dpm/cm and read later in the day.

Also, spot checks of various materials within the SX build-
' ng were made to determine the spacial and numeric variability ofi
surface contamination on these selected materials. No grid or
statistical analysis was applied to these materials.

ANALYSIS
!

Statistical analysis was applied to dotermine the signifi-
cance of differences between the means of the entire sample popu-
.lation and subsets of the entire population selected randomly.
Two statistical tests were utilized for this purpose; the Mann- |
Whitney U Test and the Students T Test. All data was input into
a computer and the program STATPAK was utilized for analysis. |

A summary of all statistical data is provided in Appendix B.

Three separate populations were compared statistically:
Grid #1 Floor Samples (Extraction Tank #1), Grid #1, Side Samples
(Extraction Tank #1) and Grid #2 (Strip Tank #1) .

Also, basic statistical parameters were determined for the
" nested" grid, cell 34, contained within Grid #2.

Test data was corrected by using the following factors and
formulas to give a true representation of alpha radiation in dpm

2per 100/cm , ,

Corrected Value = 0.89 x (Reading i + Reading 2) - 122.4.

The calibration constant for the AC 3-7 probe was set at i
0.19 which represents 100% efficiency for two readings assuming 2
x probe geometry.

The probe face of the AC 3-7 has an effective censing area
2of 56 cm . Therefore, two side by side measurements using the AC

'2 instead of 100 cm . Therefore,23-7 probe actually senses 112 cm
a correction factor of .80 was applied to data.

Background for the probe was determined to be 52.2 dpm which
was multiplied by 2 for the two readings taken and subtracted
from gross dpm after correction for probe geometry.

The Mann Whitney U Test is a comparative test which assumes |
non-normal distribution of sample data. The null hypothesis (Ho)

i

was that the mean of the entire sample population and the mean of
'
,

a cubset are the came. Sir.;e test data for t.he two grid surfaces

i
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tested appear to be' - log 'normally distributed and not normally
distributed, the Mann Whitney U Test probably gives a better

-

estimate than'the Students T Test. i
l

The| Students T Test assumes normal distribution.of the data !
and posed t.he same null hypothesis. J

RESULTS

The first test to be run on ~ TEST #1 (Extraction Tank #1)
data set was a Mann-Whitney U test statistic, a comparison of the.
means of the side-and. floor samples. This test was used to eval-
uate whether there was a significant -difference between the
samples from the floor and sides of the container. The full data
set was used for this, test statistic. A confidence level of 95%
(z ' = 1.96)' was chosen.

1

The results indicate a z of 3.98, a result well beyond the q
99% confidence -level for indicating a difference between the
means. This would strongly 'suggest that the sides and floor of
the container must'be. treated as different populations for sam- '!
pling purposes.

~The next test to be- run on the floor samples from TEST #1
data set was to select subsets from the total data set for com-
parison of statistical validity of smaller sample sets for-
sampling purposes. The floor data set had 51 samples in-total.
Sub-sets containing five~ samples each (10% of the total popula-
tion) were-selected by random number f om the 51 sample data set.
The means of the sub-sets were comps. red to the mean of tae main
data set by the' Mann Whitney U test statistic to determine
whether the sub-sets had significantly- different means from the
total set. The results were as follows: A 95% confidence'' level
was chosen (z = i.96).

-

Subset z Statistic

1 .71
2 .44
3 .79 i

4 .22
5 .24

These results are well within the acceptable confidence
level for indicating a lack of significant difference between the

,

.means of the sub-sets and the main data set.
,

The same procedure was run with the side wall samples except
'

the sub-sets had 25% of the population in them. A level of 10%
would have inc1cled only 2 samples in each sub-set, a number
inadequate to evaluate a means difference, i

__;
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Subset z Statistic

1 .37
2 .99
3 1.12
4 .51
5 .85

These results are well within the acceptable range for
stating that the means of the sub-sets and the main data set have
no significant difference-

!

In TEST #2 data set the original sub-setting of the test
data set was at a 10% level. The data was evaluated using the ,

Mann-Whitney U test. The results indicate that one of the five )
original sub-sets had a significant difference in the mean with '

the original data at a significance level of 95% The data was as |

follows i

Subset z Statistic j

|1 .28
2 .32
3 .84
4 .88
5 -2.55

The z of ~2.55 would indicate that this sub-set from the
main population would not be considered to be from the same popu-
lation by a comparison of the means.

A resampling of the dr.ta with a 25% sub-setting of the
sample sizes gave the #ollowing results.

Subset z Statistic

1 .67
2 1.27
3 .65
4 .81
5 .85

This would be acceptabJ* at 'che 95% confidence level for no
difference between the means. :

.

The Students T test was also performed on log transformed
,
' uample data for Test Grid #1-Floor Samples, Test Grid #1-Side

Samples and Test Grid #2 data. The Students T test results con-
firm Mann Whitney Test data. Data is included in Appendix B.

The question was also posed whether a sample of 5,000 dpm or
greater would be probable, given the test data sets. The total
data available, i.e. TEST #1 and TEST #2, but not the resampling
tests, was used. The data statistics are displayed below.

_ _ - .
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THERE ARE 121 OBSERVATIONS

MEAN 597.06 i

STD.DEV. 439.13
VARIANCE 192835.00
MEDIAN 468.67
MODE 376.11 *
MAXIMUM 2648.28 1
MINIMUM 31.68 1

STD ERR OF MEAN 39.92 I
SKEWNESS 1.45 l

COEF. OF VAR. 73.55

* MORE THAN 1 MODE EXISTS - ONLY THE FIRST IS SHOWN

A number greater than or equal to 5,000 dpm would have a
probability computed as follows.

5000 - 597.06 10.03 standard deviations
439.13 above the mean

This is well beyond the tabled confidence levels of a normal
distribution table. Given this data set, a value of > 5,000 dpm
would be very unlikely.

CONCLUSION OF STATISTICAL COMPARISON PROGRAM

Test results have demonstrated the following items through
statistical testing of the SX data.

The floor and side samples taken as part of Grid #1 1*

(Extraction Tank #1) have different means and are there-
fore, distinct populations as determined by both the
Mann Whitney U Test and Students T Test.

The mean of the total sample population and the means of=

five (5) separate subsets composed of 10% of the total
population are the same for Test Grid #1 floor samples
and Test Grid #2, except for one subset comparison. The
mean of the total sample population and the means of
five subsets composed of 25% of the total population are i

the same for Test Grid #1 side samples. Therefore,
since only one subset sample population shcu.1 a
significant diffiarence between means at a 95% conf dence j
interval and the overall sample population mean is well |

below 5000 dpm, it can be said with reasonable certainty|

that random sampling of 10% of the surface
materials / equipment within the SX building adequately
characterizes material / equipment.

2The probability of a value exceeding 5000 dpm/cm alpha*

radiation, given the test data, is well in excess of a
0.01 confidence interval.

_ _ - - _ _ _ _ _
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III. Test Sections to Determine Adequacy of Cleaning Methods

The purpose of the test program was to determine the
adequacy and effectiveness of various cleaning methods for
removal of surface radiological contamination existing on
equipment / materials associated with the SX circuit at the ARCO
Bluewater Mill. A secondary goal was to get an indication of the j
maximum and average radiological contamination levels found on ;

interior and exterior surfaces of the SX building. Testing was
not intended to be exhaustive in nature.

1

METHOD

Based upon knowledge of the SX circuit, areas within the SX
building, thought to have potential for greatest radiological
contamination, were selected for testing.

These areas are listed in Table I, along with the tges of
measurements taken for each surface. Test locatione are located
on Figure 1. Most measurements were taken with an ESP-1 Smart
Portable or PRS-2 with an AC 3-7 alpha scintillation probe.
Calibration records are attached to RWP 89-018 on file with ARCO.

Test results are shown on Tables 2 through 4. Approximate
locations of test readings are found on Figure 1.

RESULTS

Total alpha contamination on tested areas on external sur-
faces of Extraction Tank #1 are well below Annex A limitations
prior to high pressure water wash. Removal of contamination is
less than minimum detectable (MDA) for three out of five test
locations after high pressure water wash only.

Internal surfaces of the organic weir overflow within
Extraction Settler Tahk #1 were measured for total alpha radia-
tion after steam cleaning only and for steam cleaning after two
applications of Radiac soap at a 10% dilution. Removable alpha
radiation was measured only for those areas which indicated alpha

2 'rrdiation of 1000 dpm/100 cm or greater. The organic weir over-
flow for Extraction Settler Tank #1 is expected to have the !

highest average levels of alpha contamination of anywhere in the i
b'ilding. This is because pregnant aqueous solutions were i

highest in concentration of soluble uranium as anywhere within
the SX circuit. Also, the organic amine and kerosene carrier
tends to coat the sides and walls of the tank which makes clean-
ing surfaces more difficult.

Total net dpm ranged from less than background to 1748 j
2dpm/100 cm for sections cleaned with high pressure steam. ;

Removable alpha radiation was negligable in all cases after steam !
cleaning.

{

l

;

i

|
1

i

2
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For areas cleaned with Radiac soap (10% solution) and steam
cleaning, total alpha radiation ranged from 48 to 1432 dpm/100
cm . Removable contamination was less than 100 dpm/100 car in2

the three cases tested.

Fiberglass pipes and elbows which were part of the barren
aqueous recycle line were tested for total alpha contamination
before and after cleaning with high pressure water only. Visible
caked slimes were visible on internal surfaces arior to cleaning i

prior to cleaning. gly fligh ranging fromand total alpha readings were not surprisin
2704 to 23,372 dpm/100 cm After cleaning with

high pressure water only, interior surface contamination was
greatly reduced, but still relatively high (681 to 1691 total

2alpha dpm/100 cm ),

Exterior and interior surfaces of the SX building siding
were spot tested for total alpha contamination. Interior sur-
faces were tested after an initial wash to reduce potential
airborne contamination in the SX building. All readings were
well below 1000 dpm/100 cm2 total alpha except for one test on
the interior sout:2 well of the SX building. In this case, vis-
ible yellow crust was identified. The spot was probably a result
of a spill of pregnant aqueous or organic.

CONCLUSIONS

Based upon the limited testing performed during the test
period, it appears that external and internal surfaces of extrac-
tion and strip tanks can easily be decontaminated to levels
specified in Annex A for release of equipment / material for unre-
stricted use. Cleaning with high pressure water only should be
adequate for most tank surfaces. In areas where monitoring

rindicates consistently high (over 3000 dpm/100 ca ) or highly
variable readings high precsure steam, soap and high pressure
steam, wet sand blasting or acid wash will be employed as j
cleaning techniques.

]

Recycle lines associated with extraction and strip tanks
exhibit relatively high levels of total and removable alpha con- ;

tamination. Recycle lines will probably require special cleaning
using one of the more intensive methods if recycle lines are to
be released for unrestricted use. An economic decision will be
made as to the feasibility of cleaning these materials if they
are contaminated. If the cost of decontamination outweighs sal-
vage value, materials will be disposed of on site.

Both external and internal surfaces of siding appear to be
well within acceptable contamination limits, except in those rare
locations where visible contamination can be seen.

Landmark f. eels strongly when visual indications of contami-
nation are evident, that sampling in addition to grid sampling be ;

performed to assure compliance with Annex A criteria.

|
- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ .
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IV. Proposed Sample Program

On the basis of information generated, Landmark Reclamation ,

recommends a sample program which is based on the following crit I
cria.

1) Testing will be performed on 10% of the surface of a
particular piece of equipment or material. Test i

locations will be selected randomly using random numbers j
and a griding system.

2) When visual inspection or readings from the sampling
indicate readings approaching action levels (500 dpm/100

2 2cm removable alpha or 4000 dpm/100m total alpha) more !

intensive sampling will be performed to confirm adequate
decontamination.

3) More frequent measurements will be taken in areas sus-
pected of potential radiological levels approaching )
action 1cvels. Such areas will include irregularly
shaped portions of tanks or pipes which tend to trap
contaminants, areas with heavy scale, staining or
organic film and any materials with more open porous
structures such as rubber or wood.

4) Beta radiation measurements will be made only on that
equipment / material which has a tendency to absorb 22 era
and daughters. Past testing by ARCO has demonstrated a
one-to-one correspondence of beta to alpha dpm in most
circumstances. Examples of materials which absorb or
selectively attracts radium and radium decay products
are rubber materials or oxidized metal curfaces. Spot
checks of beta radiation will be made periodically
throughout the project on representative equipment. I

5) All information generated during the testing process
will then be recorded for each individual piece of mate-
rial / equipment using an appropriate numeric code.

1
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