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i 1.0 INTRODUCTION

[~ The United Nuclear Corporation (UNC), Woodriver Junction has been per-
I forming sampling of soils and macadam in preparation for decommissioning.

The iata gathered and the evaluation presented in this report are to

if assist in determining compliance to the Nuclear Regulatory Commission's
(NRC) criteria for decommissioning.

,_

|'
~

2.0 OBJECTIVES OF DATA ASSESSMENT
f

The NRC's Annex C provides " Guideline for Oecontamination of Facilities4
, .,

and Equipnent prior to release for Use or. Termination of Licenses for
-

By-products, Source or Special Nuclear Materials." Decontamination
criteria for soil have been established by the NRC for decommissioning
of the facility.'~

The objectives of this report are to:
,

I- (a) prepare a graphic plot of the distribution of the isotopic'

concentrations by area and by ceoth;
4

(b) perform a balanced / unbalanced analysis of isotopic concentra-
tions;

(c) perform a statistical evaluation of the generated data for soil
decontamination to the criteria established by the NRC. This in-
cludes a tabular display of lung dose and bone dose produced by
the individual data points. This addresses the criteria for the
demonstration of compliance of the inhalation criteria and the
same display of dose commitment by injestion pathways;

, .

(d) determine the viability of using a gross alpha / gross beta +

! analysis to prove compliance to the NRC soil decon amination'

| i criteria. From the statistical assessment performed on the data,
..

I a technical discussion and recommendations are presented in this
| report to provide information regarding compliance with the NRC .

'

criteria.
'

3.0 SURVEY PROCEDURE
l
[, UNC developed a decontamination procedure for surveying their facility

~ at Woodriver Junction, Rhode Island. This procedure was presented to

| the Nuclear Regulatory Cont.ission (NRC) by UNC. Soils and macadam were ,

"' collected and submitted for analysis as part of that survey.

,

n
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4.0 SAMPLE ANALYSIS
-

Samples collected and submitted by UNC for analysis were for those'

parameters listed in Table 4.0-1.

Table 4.0-1
1

Tyoe Samples and Analysis j

Macadam Soils
1

Gross Alpha Gross Alpha fj

Gross Beta Gross Beta
.,

Total Uranium Radium-226
e

..

Uranium-235 Radium-228
4

~

Stronti um-90
''

Uranium-234

Uranium-235 ]
Uranium-238 J

Thori um-228 ,

,

Thorium-230 ;

Thorium-232

Casium-137.
,

A summary of the sample preparation, analytical procedures and quality
assuranca practice is presented in Appendix A. The quali ty assurance i .[
data which compliments the data generated is present in Appendix 3.

,

t

"

5.0 METHODS OF DATA ASSESSMENT _

Statistics, as a science, deals with probability. Probabibility is a ,

useful concept in all areas of science because no two (2) analyses or
measurements give identical answers. Measurements of radioactivity are
bound even more closely to statistical evaluation because of the random

~

l
nature of the disintegration process. Th,e basic question is how to de- |

termine, f rom a few measurements or a single measurement, the best ap- - i'

proximation to a "true" value.

The goal of this report is to examine the data and to demons trate what -

I
unavoidable fluctuations of random error are present. Every analytical

;

result still has a degree of uncertainty wnich arises from all the mea- I
.

l'surement processes involved in the analysis (i .e., weighing, volumetric
measurements , counti ng error, etc.) j

.
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[.[ The analytical data from the soils and macadam samples have been'

* analyzed statistically. Graphical representations and statistical

p summaries, where appropriate, are presented. In addition, information

L' such as control samples and accuracy of analytical methods have oeen ,

taken into consideration in the statistical analysis.
<.

.

! '1
Basic statistical analysis or an analysis of the variance for bal-''

anced or unbalanced data has been applied were appropriate. These ana-q
L lyses allow for insight as to the statistical character or distribu-
- tion and exposure to man of the data for the UNC Wood River Junction

facility as well as exposure pathways to man.
,

Analysis has been performed through the generation of means, standarda -.

.

j deviations, variances, confidence intervals, ranges and distributions.
,

The statistical distribution of activity over a given area or depth
has been statistically evaluated for comparison with the NRC criteria.

|

- Specific details for statistical parameters employed are presented in

Appendix A.

6.0 CATA ASSESSMENT

The data gatnered thus far from the UNC Wood River Junction racility ;

has been analyzed statis tically. This s tudy provides information re- j

garding the extent of contamination prior to clean-up. Using this I
.

data base, conclusions can be drawn as to whether or not the area ex-
.

ceeds the NRC criteria for contamination and exposure to bone anc lung
p through inhalation and/or inges tion.
L;

The statistical analysis of the data is complicated by factors typical
g

'

of the type of samples analyzed. From the following list, some or all
items may apply for a given analysis."

.

!
L f.. 1. Inhomogeneity of samples makes it difficult to determine true
L L variations over an area. !

|
2. The time interval between sampling may vary. I

f

;..

The data has been statistically summarized without correcting for back- |
ground. As necessary throughout the presentation of this report, the j

background data for particular samples will be taken into consideration i
'

and discussed.

I;

! -3-
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6.1 Macadam,

; These samples were analyzed for gross alpha, gross beta, ,

ti total uranium and uranium-235. The activity with their )]
1 respective errors at the ninety-five percent (95*.) con-

fidence level are presented in Table 6.1-1.~
e

Table 6.1-1'

Radioactivity in Macadam Samoles f}, w

Samole Identification n
Pa rame ter D-061-D D-073-D D-075-D D-083-D D-087-0 D-091-D {j

< 0.3 9.3+1.3Gross Alpha (pCi/gm) 0.99 5 1.3+0.6 1.63 6 0 . 86_+0. 53 _

Gross Beta (pCi/gm) < 0.1 < 0.1 < 0.1 < 0.1 0.6+0.2 0.9+0.5 g
_

Total Uranium (ug/gm) <0.1 1.0 1.0 0.4 0.2 0.3

Uranium-235 (pCi/gm) < 0.5 0.35+0.11 0.12+0.06 0.09+0.05 < 0.05 <0.05

Rectangular representations of the data distribution are presented ~]
U

in Figures 6.1-1 through 6.1-4. These figures are not all the
s ame s cal e. Their purpose is to illustrate a comparison of ac- 7

dtivity by parameter among the samples analyzed,
,

Figure 6.1-1
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JThese figures show that the highest gross alpha and gross beta activity
is reported for 0-091-0, 0-073-D had the maximum concentration for

'total uranium (i ug/gm) and uranium-235 activity of 0.35 + 0.11 pCi/gm. . _ _ .
_

Samples demonstrating the highest activities are from the area near
,

Lagoon "A" and the Lagoon Annex near the production area. Sample .

D-061-D was collected approximately one hundred and twenty (120)
feet from the Lagoon "A" area. !

The overall means and standard deviations for these samples is cresent-

ed in Table 6.1-2.

:
i

>?
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.] Table 6.1-2
Radioactivity in Macadam

_,

.N-

Pa rame ter Mean Standard Error of Mean
-

~;
.

} Gross Alpha (pCi/gm) 2.4 1.4
-7

Gross Beta (pCi/gm) 0.3 0.6.x 10
q

.
.i '

J Total Uranium (ug/gm) 0.5 0.1
'

Uranium-235 (pci/gm) 0.11 0.04
-

J
'

,

.

,

r-
6

t 6.2 Soils

6.2.1 3ackground Samoles (1963)
;

Limited background charateristics of radioactivity in

| soil for the UNC, Woodriver Junction facili ty are pro-

vided fecm data gathered during 1963 (preoperational).(1)'
i_ ,

! Background data was not available for thorium-232, thori-
um-228, radium-228, cesium-137 and strontium-90, except i

- that gathered during the 1981 as presented in Subsection
6.2-2 of this report. This data is summarized in Table

.

6.2-1 along with the computer coding used for graphing
l'

[
the data. A graphic representation of the data is given
in Figures 6.2-1 and 6.2-2.

I
i .

L:
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Table 6.2-2
Pre-Operational Back_ ground Concentrations in Soil (1963)

{ Computer Direction Fron Alpha Concentration Beta Concentration tiranium ConcentratinnLocation Code Process facili ty jpCi/9) (pCi/g) (pCi/g)
Charles town 1 3.3 + 0.3 7.8 + 0.6 0.10
Tuckertown 2 2.0 + 0.3 6.6 + 0.6 0.11 -

West Kir,9ston 3 2.1 0 0.4 4.5 + 0.5 0.03
Drake 4 4.3 + 0.5 4.6 + 0.5 0.32
Woodville S 4.1 + 0.4 4.6 + 0.5 0.04
Carol ina 6 4.6 + 0.5 17.3 + 0.9 0.08
Al ton 7 6.4 + 0. 5 9.7 + 0.7 0.07

,

B radfo rd 8 S.1 + 0.5 11.0 + 0.7 0.15
Plant Site #1 9 5 3.8 > 0.5 16.5 + 0.9 0.04

.

Plant Site #2 10 SW 3.2 _+ 0.4 7.3 .+ 0.6 0.07
i .

m .

*
. Plant Site #3 11 W 2.8 t 0.4 7.5 + 0.6 0.031

Plant Site #4 12 tiW 4.0 + 0.5 9.6 + 0.7 0.06
) Plant Site #5 13 11 3.4 + 0.S 7.2 + 0.6 0.04

Plant Site #6 14 title S.S + 0.6 8.2 + 0.6 0.05
i Plant Site #7 15 tlE 3. 7 + 0. 5 S.8 + 0.6 0.09i

Plant Site #8 16 EfiE 5.5 + 0.6 8.0 + 0.6 0.13
i
i .

Uranium concentration includes U-238 and U-234
!

.

I

|
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PoECPER ATIONAL 9ACxC20UND D ATA
J CONCENTRATIONS IN S0!L (1963)
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A summary of the description statistics of the data is presented in;

Table 6.2-3. The overall means for gross alpha is 3.9 pCi/gm with a 1

standard deviation of 1.2 pCi/gm, gross beta activity has a mean of )
8.5 pCi/gm and a standard deviation of 3.7 pCi/gm. A mean of 0.088 ..

pCi/gm and standard deviation of 0.071 pCi/gm was calculated for ;

the sum of U-238 and U-234. The distribution of the data is graph-
ically illustrated in Figures 6.2-3 through 6.2-5 showing the relative

',

|
frequency of activity occurance.

~1

:
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Figure 6.2-3
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i Table 6.2-3
; -,

,
Descriotive Statis tics for Background

-
<

Soils (1963)'

7
Gross Alpha Gross Beta Urani um(a) ]
oCi/qm p_Ci /am cCi/qm

.

"ean = 3.9 8.5 0 .088
~

Variance = 1.5 14.1 0.005 -

:

i Std Dev = 1.2 3.7 0.071
73

Cata Min ' 2 4.5 0.03 .i'

Data Max = 6.4 17.3 0.32 _.

! Data Range = 4.4 12.8 0.29
. _

:; Standard
Err of tiean = 0.3 0.9 0.017 ~

;

( ) Uranium concentration includes both U-238 and U-234.
.

6.2.2 tiRC Sackground Samcles(1981) "

"IBackground samples collected in 1981 outside the Woodriver
JJunction property fence provide additional data. These

samoles were analyzec for total activity as well as water 7
~

soluble activi ty.
* >
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Table 6.2-4

STAriSTICAt St# NAM SURFACE 5AMPtf 5

Gross Alpha Gross beta Ra-226 Ra-228 S r- 90 U-234 U-235 U-238 lh-228 Th-230 Th-232 Cs-ll?pCI/9m yC_ifga pCifg g9.n pC /g.m gifg.n gg pCIfg pcife pCjfg pCJ s ggJ
Mean - 5.01 5.5 0.80 0.5't 0.17 0.59 0.30 0.9) 0.068 0.087 0.123 1.49vertence - 4.57 12.5 0.32 0.15 0.00 0.43 0.06 0.54 0.001 0.002 0.013 2.695td Dev = Z.l 3.5 0.56 0.39 0.29 0.66 0.26 0.73 0.030 0.051 0.115 1.64Data Min = 1.9 0.1 0.5 0.1 0.03 0.05 0.05 0.05 0.05 0.05 0.05 0.08Data MJA 9.2 12 2 1.11 0.91 2.09 0.9 2.7 0.13 0.21 0.3$ 4.76

'

Data Nange - 7.3 11.9 1.5 1.01 0.ud 2.04 0.85 2.65 0.08 0.16 0.3 4.68Standard
! Irr of Mean = 0.1 1.1 0.18 0.13 0.0'J 0.20 0.08 0.24 0.01 0.017 0.038 0.54

|

Table 6.2-S

STATISTICAL SuilllARY $UB-5URFACE SAMF;is

Cross Alpha Gruss Beta Na-226 Ra-228 5r-90 u-234 U-235 U-238 Th-228 Th-23C Th-232 Cs-137_PEll1* _ _EEilia _ E9.12 EEllSH E0812 Pfdl.90L PCl/9m CP l/98 p_Ci/E P l/gm gg pCifteCMean 4.4 4.2 0.71 0.39 0.05 1.12 0.26 0.94 0.075 0.13888 0.125 0.18
*

Variante - 2.9 37.4 0.19 0.20 0.004 1.37 0.19 1.49 0.001 0.01126 0.003 0.015td Dev = 1.7 6.12 0.43 0.45 0.06 1.11 0.44 1.22 0.038 0.10611 0.054 0.11Data Min 3.1 0.1 0.5 0.1 0.03 0.05 0.05 0.05 0.05 0.05 0.05 0.08
'

Oata Man 8.8 20 1.8 1.36 0.23 3.79 1.42 3.94 0.16 0.32 0.21 0.36

=

Data Range = 5.1 19.9 1.3 1.26 0.2 3.74 1.37 3.89 0.11 0.27 0.16 0.26I Standard
; Err of Mean = 0.5 2.04 0.14 0.15 0.02 0.39 0.14 0.40 0.012 0.03537 0.018 0.03

i
q
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]The data for these samoles is presented in Aapendix "D". Tne

descriptive statistics for the surface and subsurface samoles
,

analyzed are presented in Table 6.2-4 and 6.2-5. The data ]
gathered in 1981 for gross beta compare statistically with that
gathered for 1963 (see Table 5.2-2). Uranium-234 resul ts however, 7

i
show an increase in 1981. Figures 6.2-6 and 6.2-7 are histograms >

showing the distribution of gross alpha activity for 1981 surface
and subsurface background soil :?mples. As may be seen from these :

histograms the majority of the data (60-90") is within a 3 to 6
.,

pCi/gm range. A similar ccmparison of gross beta activity shows ..I"
'' J

that the data distribution decreased for 1981. This may be seen
in comparing Figures 6.2-3, 6.2-8 and 6.2-9. -]

J

1
-l
.J

Fi gure 6.2-6
s,ci yovae cata (?vrf ace)

Concentration in Soil (1931) i
'Gross A!;ha

N RE' FREQ*

4 44.4

~i

e .

2, 23.3

.

A g

2. 22.2
.-

4
- , ,

1 .a

!. 11.1
,

.t 'j
*

;}

,

_

g,9 3. 9 5.9 ?. 9 9.9
'

,

pClig

, s

ii

j '
- s

g

:
1,

-14- i ;
-. -

l'
--- -. - .- - _ _ - - _ _ _ - -



- .__ . - _ . _ _ _ _ - - .
_

T'
e - 5.c.y 2ac .Nta f:a wr<.cet

'S (! C3aceatrattens in Soll (1981)
if Gross Alona
y

N *4 REL FEEDj q
D 6 66

I
.7

j,
'

a.
1

:1 -'.

1 5 . : :. c
, .

{I
.

. 4 44.4
h.j '

- u
e

m.
.

'' " 3 3 * "' Figure 6.2-7
t

,

1

i,
--

2 22.2
.

, . _ ,

1. 11.1
.

. .

I

O a_h

3.1 4.1 5.1 6.1 7.1 S.1 9.1
i pCl/o

- s
1

~

"ackgrownd Cata (5seface)'

Carcentrat'oas in !at! (1981)'

i Geess Beta+

!' H '4 GEL FREQ
I4,,44.4

t.

:
:
!
.

1.

|' 3 33.3 ,,

.q.

i ,

Figure 6.2-8 .

''

2 22.2
,

r
f
a

| 1. .

1,'

1 ,!!.1
, - -

1.
..

r
t

|
,.

I e

| '

I 0 #_A-

! 3.1 2.1 4.1 6.1 (s.1 10.1 12.1
1 ,

j '

) , Xt /g*
t ..,

|
.

-15- !: .
|' L '

i

I

|

I .

'. . _.
,_. ., ., - ,. - - . . - _ - - . . _ . _ , _ . . , . - . - - - .

*



- ..
- .

mFigure 6.2-9 j
eac. ground cata (suosurfue)4

coacentrations in soit (1981)
Gross Beta ~"

N 7. DEL FDEo
6, 66.7 -

~7

5 .ss.s '-

e

'4 ,44.4

,

'
< .;

3. 33.3

-
.

2
2 .'

r

",

I.,!!.!

7

9 e_ e
'0.1 4.1 8.1 12.1 16.1 20.1

. ,:

;Ct/g

Sixty-seven percent (67'.') of the radium-226 results were reported ;

with a range of less than 0.6 pCi/gm to 0.8 pCi/gm for both sur- j

face and subsurface samoles. Tne statistics for this parameter is

given in Tables 6.2-3 and 6.2-4 shcwing tne data reported for
both surface and subsurface samples compare well. An evaluation
of the radium-228 data indicates that tne overall mean for the l.: ,

''surface samples is slightly higher than the subsurface samples.
However, the data in Tables 6.2-3 and 6.2-4 shows the resul ts j

are statistically equal. The strontium-90 and cesium-137 indi- J

cates an overall higher activity for surface samples.
>

J

This can be attributed to the ion exchange ability of the soil
,

which limits the migration of these isotopes. The activity re- ;

ported for surface and subsurface samples for isotopic uranium
(U-234, U-235 and U-238) and isotopic thorium (Th-228, Th-230 '

and Th-232) compare s tatistically (see Tables 6.2-3 and 6.2-4).
';
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The gross alpha activity for the surface, subsurface and water
fl soluble soil samples is graphically represented in Figure 6.2-10
t"

and 6.2-11. Figure 6.2-10 provides a comparison of the data
1 with respect to distribution, and identifying the high activity

sampling points. It also provides information on the amount of'-

_. activity water leached from the soil. Figure 6.2-10 shows that
j sampling station E-08-S-0 has the highest gross alpna activity.,

It was assumed that the subsurface samples collected at stations
, _

E-02-S-6 and E-09-S-6 had been mislabeled. Figures 6.5-11 pro-
4

vides a graphical illustration of the gross alpha data. This
] figure shews that in general the subsurface sanples are reported

at lower activi ty. Hcwever, the trend for both sets of samples'

- is comparable. Also this graph illustrates that soluole gross,

_| alpha activity was reported at less than 0.3 pCi/gm for all sam-
ples. Figure 6.2-12 provides a graphical illustration of the
overall mean for the gross alpna analysis on the surface, sub-
surface and water soluble soil samples. The data is picttec
with a ninety-five percent (955) confidence interval. The mean
and the ninety-five percent (951) confidence interval for this
data is presented in Table 6.2-6.

-

Table 6.2-6
.-

Gross Alpha Means and Confidence Interval

E-S Series Soils
pCi/gn"

95% Confidence Interval
Mean Lower Limi t Upoer Limit

a

Surface 5.8 5.1 6.6

I '- Subsurface 3. 6 2. 9 4.6
L

!
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a
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rne data for gross beta activity is graphically illustrated in

Ficures 6.2-13, 6.2-14 and 6.2-15. Tne gross beta activity shows
the same trend as the gross alpha activity. Table 6.2-7 is a

i tabulation of overall gross beta mean with the ninety-five per-
[ cent (95%) confidence interval. Therefore, the same conclusion

| for gross alpha activity is applicable to gross beta activity,

!i with the following exception; sample station E-09-S-0 shows the
_

highest activity for all surface sample.;
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Table 6.2-7
.

i-

Gross Beta Means and Confidence Interval
i

| E-S Series Soils
!

pCi/gm
- 95% Confidence Interval

Mean Lower Limit Uccer Limi t
'

,- ;
; ! Surface 7.9 6.7 9. 2 j'
I :

|- Subsurface 1.8 0.6 3.1 :
,

,
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As may be seen fecm the figures discussed above,no water soluble '

y gross alpha activity above the lower limit of detection (0.3 pCi/ d

gm) was detected. Gross beta activity ranged from 0.1 pCi/gm to ..,i

2 pCi/gm with a mean of 0.4 pCi/gm. Sixty-seven percent (67';)
,

|
of the gross beta results were reported at 0.4 pCi/gm or less.
The radium-226 data is illustrated in Figure 6.2-16. This fig-

ure shows the distribution of activity for the surface, subsur-
,

''
face and water solubility tests. The highest radium-226 activi-'

ty reported is for E-05-S. In addition, it is also noted in,

this Figure, as well as Figure 6.2-17, that the radium-226 in 3

the subsurface soil sarmle for Stations E-02-5, E-04-5, E-08-S d
and E-09-5 was higher than the surface sample.
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A comparison of the data illustrating tne activity and further .j
supporting the above discussion on radium-226 is presented in
Figure 6.2-U. The overall means and confidence interval for
each group of samples is illustrated in Figure 6.2-18 and Taole

~

6.2-8. This figure and table illustrate the confidence intervals 7
"1for the group :neans which show that the surface and subsurface

4
' samples are statistically comparable. q
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There was no activity due to radium-226 detected in the water
;
: soluoility test ;:erformed en the surface samoles.

'

Table 6.2-8
Radium-226 Means and Confidence Interval

E-S Series Soils
pCi/gm

955 Confidence Interval
Mean Lcwer Limit Upoer Limit

,

i
t Surface 0.7 0.5 0.9

Subsurface 0. 9 0.7 1.1

The range for the maximum relative frequency of occurance of acti-
vity was from less than 0.5 pCi/gm to 0.8 pCi/gm with sixty-seven
percent (-67%) of surface and seventy-eight (-78%) subsurface sam-
pies reported in this range.

'
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f' An analysis of the data distribution (Figure 6.2-19) indicates
that the radium-228 data does not follow the normal trend observed

p for the other parameters analyzed. The subsurface results are
greater than the surface samoles. In addition, the water sol-'

ubility test for E-08-5 was higher than the surface samole tested.
':. The higher activity reported for the water solubility test in

E-08-5 indicates statistically the same value reported for the
f' surface soil. A graphical representation of this data with
'

respect to ac' vity is illustrated in Figure 6.2-20..

The E-08-S subsurface soil sample was reported at 0.90 f; 0.13 pCi/gm,
,

- surface soil sample at 0.3620.19 pCi/gm and water soluble sample'

at 1.1 f; 0.13 pCi/gm. Based on this data the values reported for

,_

tne water solubility test is well within the statistics of the
method used. The probability of this occuring again is illustrated

'

in Figure 6.2-23. This is a plot of the mean for each group of
L' data and its respective ninety-five percent (95") confidence inter-
I val. All other samples in this series tested for water solubility

were reported at less than 0.1 pCi/gm.,
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The strontium-90 data is graphically illustrated in Figures,

a
6.2-22 and 6.2-23 The data ranges for the surface and sub- .i

I
.

surface samples are given in Table 6.2-3. The above mentionec

figures illustrate that are of the subsurface samples had a ]
Ihigher activity for strontium-90 than the surface sample.

The surface sample was reported at 0.04 + 0.03 pCi/gm and a
.i

the subsurface at 0.23 + 0.11 pCi/gm. However, the mean of 1'

activity of the subsurface sample and its ninety-five per-; . . ,

cent (95%) confidence interval is less than the mean for the .

surface sample as illustrated in Figure 6.2-24
,
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No strontium-90 was detected above the icwer limit of detec- 7

dtion of 0.03 pCi/gm for the water solubility tests.

The overall mean and the ninety-five percent (955) confidence G
3interval for the strontium-90 surface and subsurface samples

is presented in Table 6.2-9. .,

.]-
Table 6.2-9

.

Strontium-90 Means and Confidence Intervals G
JE-S Series Soils

PCi/gm

. ,)I
,

95". Confidence Interval .

Mean Lower Limit Ucoer Limit :;

Surface 0.17 0.12 0.22 q
Subsurface 0.05 0.0008 0.1036 d

A statistical analysis of the isotopic uranium data (U-234, U-235 :l
dand U-238) again shows that sample E-04-5-6 (subsurface) has a

higher activity than the surface sample. The same distribution .3
of the data is noted for (a) Uranium-234, E-03-5, E-04-S and 'I
E-09-5; (b) Uranium-235 for E-02-S, E-04-5 and E-07-S; (c) Uranium-

,

. igures 5.2-25 through 6.2-27235 for E-04-5, E-07-S anc E-09-5. :
,

illustrates this variance.
,
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l
Figure 6.2-25 illustrates that the water solubility test performed J'

on surface sample E-01-S resulted in a higher soluble uranium-234 q<1

activity as compared to the surface sample. However, this was not ?j

true for uranium-235 and uranium-238 for this test. Other samples
-.

in this series indicated that soluble uranium was present. In all
cases, with the exception of E-01-S, the activity was reported at

-

less than 0.5 pCi/gm with a lower limit of detection of 0.05 pCi/gm. ~1
"lThis data is illustrated in Figures 6.2-28 through 6.2-30.
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IIIn addition, it can be said that although a higher activity
- is reported the results are statistically equal when the ana- 7

1
lytical error at the ninety-five cercent (95%) confidence in- a
terval is applied. Figures 6.2-31 through 6.2-32 also i llus-

[ltrate the results to be statistically equal. j
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t These figures shew that the overall rean for each group of
data (surface and subsurface) compare favorably. The inter-
vals are tabulated in Table 6.2-10.

.

Table 6.2-10

[ Uranium Means and Confidence Intervals
i

E-S Series Soils :.'

t-

pCi/gm i

r- 95% Confidence Interval !:,

|~! Fa rame ter Mean Lower Limi t Lower Limit {',

:

[I Uranium-234 !;
I',

Surface 1.22 0.C9 1.74"

.
Subsurface 1.02 0.49 1.54

i
Urani um-235i

Surface 0.33 0.19 0.47 i
'

Subsurface 0.24 0.10 0.38
L.

:Uranium-238 i

Surface 0.95 0.70 1.21 i

Subsurface 0.92 0.66 1.13 j

f
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A graphical olot of thorium data showing a variance with respectp

f to the reported activity is presented in Figure 6.2-34 througn
6.2-39. These figures illustrate that, unlike the isotopic

r.,

| uraniun and other parameters discussed above, the activity vari-
.

ation is much greater (subsurface versus surface samples).
_,
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| In general, the water solubility was reported at less than 0.05
'

pCf /gm with the exception of E-01-S, E-02-S and E-09-S. These

samples were above detection limit (0.05 pCi/gm). This data is
graphically illustrated in Figures 6.2-38 through 6.2-40.

7
The same trend of higher activity (isotopic uranium) for the,;

subsurface samples versus surface samples is noted for isoto-
, ,,

! pic thorium results. In this case subsurface samples, E-05-S,
.-.

E-07-S and E-08-S for thori um-228, E-01-S , E-03-S , E-05-S ,

} E-06-S and E-07-5 for thorium-230, and E-01-S , E-05-S , E-06-S ,
" E-07-5 and E-08-S for thorium-232 were higher than surface

~] samples. This trend is illustrated in Figures 6.2-34 through
; 6.2-36.
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Figures 6.2-40 through 6.2-42 illustrate the overall means for
~' each group of thorium data. The figures show that for thorium-1

, 223 and thorium-232 the overall means for the subsurface samples,

! .. , are statistically greater than the surface mean. Thorium-230

| ,_, shows an increase in the subsurface activity which could be at-
'

! tributed to the high uranium-234 activity (uranium series 4n + 2).
.

!] The means and ninety-five percent (95%) confidence interval for
isotopic thorium are tabulated in Table 6.2-11-

,

; Table 6.2-11 t

!
"

Thorium Means and Confidence Intervals
7 E-S Series Soils*

'
'

pCi/gm
: 955 Confidence Interval

Parameter Mean Lower Limit Vocer Limit,
.

i " Thorium-228

Surface 0.07 0.04 0.08
Subsurface 0.08 0.07 0.10

Thorium-230-

l
'

Surface 0.08 0.05 0.12
Subsurface 0.15 0.12 0.18,

k Thorium-232

i Surface 0.10 0.05 0.15
L Subsurface 0.15 0.10 0.20

Figures 6.2-43 thrc,ugn 6.2-45 illustrate the distribution of I,

cesiun-137 activity. In Figures 6.2-43 and 6.2-44 it may i

readily be seen that both the surface and subsurface samples
icontained activity. However, statistically the surface sample

.

activity was greater than the subsurface. This type of distri-

[ bution would be expected since cesium-137 has high solubility
L. characteristics and does not migrate readily. It is noted that .

the water solubility test data was reported at the lower limi+ ',-

i

of detection (0.08 pCi/gm). t.;

,
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Table 6.2-12 .

!

Gross Alpha Gross Beta Ra-226 Ra-228 5 '.s0 U-234 U-235 U-238 Ih-228 1h-230 1h-232 Cs-lJ1 ,

I . pC1/9n ffen gg/m ggfg g,[I/ye gig /m g.(i.fm [Mg gg/3 ggfg ifi/g ff.[/2 {

Hean = 2.5 5.4 0.6 1.06 0.49 1.83 0.26 0.92 0.05 0.06 0.06 4.0*

Variance - 4.5 10.1 0.02 0.01 0.5/ 4.29 0.04 0.18 0.001 0.002 0.0002 15.1b

5tdtu - 2.4 3.7 0.14 0.32 0.67 2.39 0.22 0.49 0.02 0.02 0.006 4.49
'

Data Hin - 0.3 2.1 0.5 0.82 0.03 0.50 0.uS 0.39 0.05 0.05 0.05 0.u9
I

Da ta lien = 5.9 10. 0.8 1.50 1.eu 5.42 0.51 1.57 0.08 0.08 0.06 10.4

Date Hamje = 5.6 7.9 0.3 0.68 1.11 4.92 0.46 1.18 0.03 0.03 0.01 9.51I
,
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Figure 6.2 45 is a graphical representation of the means with .]
the ninety-five percent (95".) confidence interval for the data .,

reported. It can be concluded from this representation that
-

if any cesium-137 is to be detected it will be in the surface
sampl es .

.

Four additional background samples were collected and labeled
1'

as NRC BKg X and NRC Bkg Y. The results reported for these i

i

samples are presented in Appendix "D". Table 6.2-12 is a sta-
tistical tabulation. A comparison of this table with Table $j

""

6.2-3 indicates the two (2) set of results are statistically
unequal, with the exception of gross beta, uraniem-235, uran- ,

"ium-238, thorium-228 and thorium-230.
.
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' A comparison of the statistical sumaries in Table 4.2-11 and
' the pre-operational backgrounds (Table 6.2-2) indicates that

the gross alpha activity is lower for the decomissioning sam-
ples. However, the gross beta and uranium activity is higher'

-

than the pre-operational sampling date gathered in 1963. (See
..

Table 6.2-2).
, . ,

.
- It may be concluded from this evaluation of background data

that variation is to be expected. However, this data does:
- -

provide a statistical basis from which conclusions can be
,

,

drawn for the soils to be discussed in the following section.
-

.

5.3 D-D Core Samoles (Beneath Macadam Cores)

|
Af ter collection of macadam core samples, soil core samples

I were collected from underneath each macadam sampling station.

The depth interval was one (1) and two (2) foot intervals,'

The D-D series core samples have a higher activity than thoset

i reported for the L-X core samples. Figure 6.3-1 is a rec tan-
L gular plot illustrating the distribution of the gross alpha

da ta.
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This plot shows that all one (1) foot core samples have a higher |
activity than the two (2) foot cores, with the exception of station

'

0-61 -0. The overall gross alpha mean was 6.7 pCi/gm with lower and
upper limits at the 95% confidence interval of 4.4 pCi/gm and 9.0 pCi/gm, ''

'

respectively. Figure 6.3-2 illustrates the data showing the variance
in activity between the one and two foot cores. Both core samples

'

follow the same trend with the exceptions of D-61-0 and D-91-0 where -

data for the two foot core is greater than the one foot core. However, ;

it must be noted that D-73-0 and 0-91-0 are statistically equal in ,

activity. The column means and their respective 95% Confidence In-'

tervals are illustrated in figure 6.3-3 and presented in Table 6.3-1
,

t

.1

Table 6.3-1
Gross Aloha Core Means

0-0 Series Cores
Analysis of Variance

pCi/gm .i

95% Confidence Interval
Core Mean Lower Limit Uccer Limit t

One Foot 6.7 4.4 9.0
*

Two foot 5.0 2.7 7.3 4

!
J

95% Confidence Interval
Samole Mean Lcwer Limit Vocer Limit ]

2
61 3.9 -0.01 7.91

23 3.9 - 0.01 7.91 ,

25 4.5 0.53 S.46 .]

83 12.0 8.03 15.96 .

87 5.9 1.98 9.91 ,j

91 4.8 0.88 8.81

An analysis _ of the variance for gross beta activity is illustrated
..

in figure 6.3-4 . This figure shows that some of the two foot core .

samples have a higher activity than the one foot cores. D-83-0 was '

reported with the highest activity at 7.3 : 2.5 pCi/gm (also high in
Gross Alpha) . Figure 6.3-5 illustrates the variance coserved for
the data. It is noted from this graph that certain samples exceed

4

'|-50-
_

_ _ __ ,
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I
the overall background mean of 5.5 pCi/gm (1981) and 8.5 pCi/gm (1963).>

The mean gross beta activity and its respective 95% confidence interval 'I'

shows that the samples compare statistically with the exception of 0-83-0.J
.

'

(also found in the gross alpha data). This data is illustrated in figure 1
I6.3-6.
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It may be seen from this graph that the mean activity for D-83-0 is j

greater than the 1963 and 1981 mean gross beta background activity.
'l
_j

'The distribution of the Radium-226 data for these core samples is ;

dillustrated in Figure 6.3-7 This figure indicates that 50% of the
two foot core sample was reported at a higher activity than the one ,

foot cores. A graphical illustration of the data with respect to .;
-

activity is shown in figure 6.3-8.
!

.

-52- ;(
J

-

___



b
!I h.lisem 22G

,

' ' ' ' D !: Scrics (Sail Cores) .

Analysis of Vnrtance

Cl
~

| .!
_

<~
t
i
t.

> (~
t

U
t' ,. One foot s"e "a ".ta .

-

|'t
Q:

/

Figure 6.3-7J F ..,
,

U U ITTwo foot sa La sa
''"

es a

I
t.

i

61 73 75 83 87 91

Sample !dentificadon

I

Radium-225
D-D Series (Soil Cores)

Analysis of Variance

+4.5e
..

t

f- +4.00
c.

--

+3.58
| Figure 6.3-8 ~~

t.

+3.OS
.. 1

J +2.50
..

.a
f 1
j % +2.00

,,
'

1.'

+1.50 Er, ,,

I,

L:
+t.08

,,

L:. *0.58
,, 4 _ , ,

pt y

a 1 2

-
61 *3 ?S 83 87 91-

Sample identification'

,,

w

-53-r. .

I
i

- t



,

~1

.5

,

It should be noted that the radium-226 activity is greater than the
,

'l mean activ'ity reported for the background samples gathered in 1963 1
,

'

(0.88 pCi/gm).
. c-
i l.

41The mean of all columns analyzed with the exception of D-75-D compares
statistically. (Table 6.3-2 and Figure 6.3-9). 3
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Table 6.3-2
;L

Radium-226 Means and Confidence Intervals _
-

F D-D Series Cores-
95% Confidence Interval

pCi/gm
.

t,

Lower Litait Uccer Limit
Core Mean"

0.6 2.4.
,

One Foot 1.5
0.0 1.7

Two Foot 0.9,

--

95% Confidence Interval
Lower Limit Upoer Limit

-

Samole Mean_ '

.

1.0 --0.4 2.5
61

., _ , . -0.4 2.5
~ 73 1.0

0.8 3.9
75 2.4

-1.0 2.0.

83 0.5,

-0.8 2.2
,

'

87 0.7
0.2 3.2

; 91 1.7

The graphic g, lot of the variance of Radium-228 data is illustrated in
figures 6.3-5 and 6.3-11.
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The only large variance observed for this data is for D-91-0 All j

other samples compare statistically and it can be cf'ncluded that the j'
'"

activity between depths is statistically equal. The activity for :

each core indicates that the data is statistically equal based on the ;i]
mean and 95% confidence interval (Figure 6.3-12) . "
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1 It should be noted that 0-83-D has the lowest mean. The mean and .

.' 'confidence interval for Radium-228 are presented in Table 6.3-3. '.J
'

Table 6.3-3 3
Radium-228 Means and Confidence Intervals !

'

D-D Series Cores ,
i

pCi/gm j
95% Confidence Interval

Core .%an Lower Limit Upoer Limit -
,

One Foot 0.5 0.2 0.9
,

Two Foot 0.4 0.1 0.8
,

95% Confidence Interval e
Samole .% an Lower Limit Upper Limit

,,

]a 61 0.3 -0.2 0.9
"

73 0.6 0.0 1.2

75 0.6 0.0 1.2 ~q

83 0.1 -0.4 0.6 d

87 0.7 0.1 1.3 ,

91 0.7 0.1 1.3 J
t

The Radium-228 data compares statistically with the background sample

analyzed (0.52 pCi/gm).
a
-4.

The Strontium-90 data for the D-D series cores, with the exception of
three one foot core samples, were reported at less than 0.03 pCi/gm. .j
(Figures 6.3-13 and 6.3-14). Those n...rles which were identified d

as having Strontium-90 compare statistically with the 1981 background q
data reported in Table 6.2-3. ,j

^1
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Isotopic uranium data for these samples ccmpare statistically
to the 1981 background samples. Statistically these samnies did 9 '

not exceed the overall mean activity for each of the uranium
isotopes. The data for these parameters range frcm less than
0.05 pCi/gm to 0.81 pCi/gm. The variance in data that was -

noted for gross alpha and gross beta is also noted for isotcpic q
uranium and isotopic thorium, d

All cesium-137 data for these cores are reported at less than q
.d0.08 pCi/gm.

Based on the data discussed above,it may be assumed that no 7'
"contaimination of the soil has occured in the areas that were

sampled under the macadam. D-83-0 is a core sample located q
near Lagoon "A" which may be the reason why it shows the high- 53

er activity.
.)
d

6.4 Soil - A Series

These soi' samples were collected outside the inner security l
tJ

fence. A rectangular plot was created whereby the data was
"

plotted in neerical order. The analytical data for these
samples are presented in Appendix "C" .

An analysis of the gross alpha data distribution, illustrated j
"'n Figure 6.4-1, shows that for some sampling points the sub-

surface samples had a higher activity than the surface samples. ]
The speci#f isotopes that have contributed to this increase l

is- evident through all analytical tests performed on the samples. ,

The highest gross alpha activity reported for surface samples ]
was A-004-5 (27 + 5 pCi/gm) while A-003-S (18 ,4 pCi/gm) was

,

reported as having the highest activity for the subsurf ace j
samples. Demonstra ting similar activi ty were A-237-S (21 + 4

_

pCi/ga) for surface samples, and A-128-S (13 + 4 pCi/gm) for
,

. sub-surface sample. Samples A-003 and A-004 are locatec near ~

the emergency trailer at the southwest corner of the property,
while A-237 is located at the center of the south coundary J -

of the property and A-128 is located just outside the inner
security fence north of the warehouse.

.
!

!i
;a.

'

i
-60-
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This data is graphically illustrated in Figure 6.4-2 As may be seen,
:*

} with a few exceptions, the results are generally less than 10 pCi/gm
for both surface and sub-surface samples.

;
The mean for the surface samples is 5.511.2 pCi/gm and 3.9 pCi/gm ]

"
fa.- the subsurface samples. A comparison of the surface and sub-
surface means with the -background surfa'ce samples gathered in 1963 m

Jand 1981 (3.9 1 1.2 pCi/gm and 5.012.1 oCi/gm, respectively) in-
l dicates that the samples are statistically equal at the ninety-five .q

(95%) confidence interval. ]
' 3

Figure 6.4-3 j
.
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A rectangular plot of the gross beta results is presented in Figure

6.4-3. This figure illustrates the distribution of the data for all |.

:

sampling stations, surface and sub-surface. Similar to the gross

alpha results, the gross beta results on some of the subsurface samples
have a higher activity than the surface samoles. Sacoles A-237 and

A-382 had the highest gross beta activities for the surface samples

(21 : 4 pCi/gm and 10 : 3 pCi/gm, respectively). Samples A-003 and

A-ll7 had the highest activities for the subsurface samples (18 2 4 !

pCi/gm and 13 e 4 pCi/g, respectively). Ii
" !-62-

'
.
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Figure 5.4 4 is another illustration of the data. Generally, the data
for both the surface and sub-surface samples is less than 10 pCi/gm.
The means for the gross beta results and the 95% confidence interval

is presented in Table 6.4-1.
,

i

L Table 6.a-1
Gross Beta Soil Means ,

i

A Series Soilsr,

L' '.
pCi/gm

95% Confidence Interval
'

Mean lower Limit Vocer Limit
["#
i~ ' Surface 3.4 2.7 4.1

Sub-surface 2.8 2.1 3.5
re

-

These mears are well below those ireported for background samples
-

collected in 1963 and 1981 (8.5 pCi/gm and 5.5 pCi/gm, respectively).
It can be seeri from Figure 6.4 4 that, in general, the data is well !

below the 1963 background data with the exceptions as noted above.'

. .,

The radium-226 data also shows that some of the sub-surface samples

.
have a higher activity than the surface samples. This is illustrated

|in Figure 6.a-5
!
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Surface samples A-004 and A-237 were both reported with the highest .J

activities at 15 : 1 pCi/gn and 7.7 : 0.7 pCi/gm, respectively. Samples
. ii

A-63 at 2.9 0.4 pCi/gm and A-136 at 2.8 0.4 pCi/gm were reported as J!
having the highest radium-226 activities for the sub-surface samples.
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Figure .6.4-6 illustrates the distribution of the data with respect to>

,,
1 4

i [3 activity as well as the variance in data between sampling points. In

general, as illustrated in Figures 6.4-6, the overall activities are
ri less than or equal te 3 pCi/gm, with exceptions as noted above. Thet
La overall mean for the' surface samples is calculated at 2.0 pCi/gm with

l '., upper and lower 95% confidence interval limits at 1.7 pCi/gm and 2.3
p' pCi/gm. The sub-surface samples were reported as having an overall'

mean of 1.1 pCi/gm with upper and lower limits at the 95% confidence,

interval of 0.8 pCi/gm and 1.4 pCi/gm respectively. The overall mean.

for the 1981 background samples was reported at 0.88 pCi/gm with a
I-
[, standard deviation of 0.56 pCi/gm. As may be seen from Figure 6.4-6,

the mean data for radium-226 is greater than the background samples.
,

i

-w'

The radium-228 data shows a greater variance in results than did any
' of the other parameters analyzed in this series of samples. Figure.

i 6.4-7 illustrates this variation. As illustrated in Figures 6.4 7 and-

6.4-8 certain sub-surface samples exceed the surface sample activity.
For example, the surface sample of A-415 was reported at less than
0.1 pCi/gm while the sub-surface sample was reported at 1.9 : 0.3

7

| pCi/gm. The overall means for the radium-228 data (surface and sub-
surface) and the 95% confidence intervals are presented in Table 6.4-2.

Table 6.4-2 |

Radium-228 Soil Means
|
t A Series Soil pCf/gm

95% Confidence Interval

f Mean Lower Limit Uccer Limit

Surface 0.68 0.55 0.82'~

i Sub-surface 0.64 0.51 0.78
l-

,

.

i,

| ba

'
i,

L
l

'

.

--
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t

The overall mean and the standard deviation for the 1981 radium-228
.i

' background samples was 0.52 0.39 pCi/gm and 0.39 0.45 pCi/gm for
.

the surface and sub-surface samples respectively. Although the overall ,

means are slightly greater than the backgrounds, the results compare .

statistically (see Table 6.4-3).
'

s

!
' The descriptive statistics for A Series Soil and the background samples

; are sumarized in Table 6.4-3.
i Table 6.4-3

Radium-228

Summary Statistics for "A" Series
!
i

"A" Series -Samples Backcround Samoles i.
Surface Sub-surface Surface Sub-surface
pCi /cm oCi/cm oCi /cm oCi /cm ,

I

N= 45 45 16 16
'

- Fban = 0.69 0.64 0.52 0.39
Variance = 0.17 0.19 0.15 0.20
Std Dev = 0.41 0.44 0.39 0.45
Data Min = 0.1 0.1 0.1 0.1 i

Data Max = 1.7 1.9 1.11 1.36
Data Range = 1.6 1.8 1.01 1.26
Standard

Err of Mean = 0.06 0.06 0.13 0.15
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i The strontium-90 data for the "A" series samples is graphically illus-

~

! trated in Figures 6.4-9 and 6.4-10. These graphs show that generally

the data is reported at less than 0.2 pCi/gm. Sample A-237 surface
~I sample was reported with a maximum activity of 1.1 pCi/gm, whereas

,' A-421 sub-surface sample was reported as the sample having the overall'

'q maximum activity at 1.5 pCi/gm. The overall strontium-90 means for i

J each set of samples and their respective 95% confidence intervals is
j presented in Table 6.4-4
a{

Table 6.4-4' ' '

Strontium-90 Soil Means7
"

! A Series Soil pCi/gm ',a

95% Confidence Interval

] Mean Lower Limit Ucoer Limit

, ' " Surface 0.09 0.04 0.15

I' Sub-surface 0.08 0.03 0.13

.

Ordinarily, the strontium-90 results compare statistically to the back-
; .,

l, ground samples. The surface and sub-surface samples have a range of
0.03 pCi/gm to 0.9 pCi/gm and 0.03 pCi/gm to 0.23 pCi/gm respectively.

:

j The overall strontium-90 means for the 1981 background samples are 0.17

pCi/gm and 0.05 pCi/gm for surface and sub-surface.

The isotopic uranium (U-234, U-235, and U-238) data are illustrated
I in Figures 6.4-11 through 6.4-15 .

'
|
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| These figures illustrate the uranium-isotopes range from less than
'- 0.05 pCi/gm to approximately 4 pCi/gm (surface and sub-surface samples).

The means for the samples, and respective confidence intervals, and
the 1981 background means are presented in Table 6.4-5.

Taole 6.4-5

Means and Confidence Intervals j
Isotopic Uranium 1

pCi/gm |
Background A Series 95% Confidence Interval

Isotooes Death Mean Mean Lower Limit Upoer Limit

U-234 Surface 0.99 1.32 0.58 2.05 |
Sub-surface 1.12 0.73 0.00 1.47 '-

U-235 Surface 0.30 0.17 0.10 0.23
Sub-surface 0.26 0.15 0.08 0.21

"

,
U-238 Surface 0.93 0.63 0. 31 0.95 ;

Sub-surface 0.94 0.40 0.08 0.71 ;,

.

|"~

The table illustrates that the results reported are well below the back- ;

p ground samples (1981).
i i'~

A review of Figure 6.4-17 illustrates the same variance in the thorium- |
'' 228 as was observed for the isotopic uranium. Again these samles are

.

.

'
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all located in the western section of the property.

9
dFigure 6.4-17
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i Thorium-230 and Thorium-232 vary in all samples tested. This variance
.

is illustrated in Figures 6.4-18 and 6.4-19. The data for Thorium-228 j

; Thorium-230 and Thorium-232 is furttier illustrated in Figures 6.4-20
through 6.4-22. .!
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The thorium-228 data is normally below the 1981 mean background activity
.

(0.068 pCi/gm - surface; 0.075 pCi/gm - sub-surface). Thorium-230 data
-

2-(Figure 6.4-21 ) shows that approximately 25-30% of the results reported

exceed 1981 mean background activity (0.087 pCi/gm - surface; 0.13 pCi/gm g
sub-surface). With respect to thoritsn-23210-15% of the results are J

,

reported above the 1981 mean background activity (0.128 pCi/gm - surface; _.,

0.125 pCi/gm - sub-surface). A review of the overall means for the ij

thorium isotopes indicates the data is well below the 1981 thorium
background means cited above. These means are presented in Table 6.4-6. h..J

Table 6.J-6
, 7

Means and Confidence Intervals L

Isotooic Thorium ,

pCi/gm :

Backgrcund A Series 95% Confidence Interval F
~

Isotooes Depth Mean Mean Lower Limit Upper Limit

! Th-228 Surface 0.068 0.090 0.063 0.118 ~1

Sub-Surface 0.075 0.074 0.046 0.102 .J

Th-230 Surface 0.087 0.097 0.072 0.122
Sub-Surface 0.138 0.083 0.058 0.108 l

U
Th-232 Surface 0.128 0.058 0.050 0.065

Sub-Surface 0.125 0.062 0.054 0.069

The cesium-137 data is illustrated in Figure 6.4-23 A-004 surface and

A-003 sub-surface samples are reported as having the highest activities. )
A sumary of the descriptive statistics for cesium-137 is presented in

~lTable 6.4-7 .

.,jTable 6.4-7

Descriotive Statistics ,;

]Cesium-137

Surface pCi/cm Sub-surface oCi /cm '

j;'

N= 45
"

Mean = 0.60 0.33

Variance = 1.58 0.61 :

Std Dev = 1.25 0.78

Data Min = 0.08 0.08
,

Data Max = 8 4.5 |

Data Range = 7.92 4.42

j Standard err of mean = 0.18 0.11 ;
.

As can be seen, the data range is large and the. variance high. This i

I
variance is not clearly seen in Figures 6.4-23 and 5.4-24 However, ''

.i ;
.

%
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I c- a close review of Figure 6.4-24 does indicate the data variability.
b.' It should be noted that approximately 89"o of the surface samples are

reported at less than the 1981 surface mean backgrounds (1.49 pCi/gm).1

I Seventy-five percent (75%) of the subsurface results are reported at
less than the 1981 sub-surface mean background (0.18 pCi/gm).
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| 6.5 Core Samoles "A" Series

l- The analytical data for th'e "A" series samoles is presented

in Appendix "C" . A core was taken at two (2), four (4) and7
:i [ six (6) foot intervals and submitted for analysis.

Variance of the gross alpha and gross beta analyses is graph-
-- ically illustrated in Figures 6.5-1 and 6.5-2 These figures

,

demonstrate that the act..vity does not necessarily decrease-

with depth. The data is plotted in Figures 6.5-3 and 6.5 4..

-.

+.

S |

-

.
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As may be seen (Figure 6.5-3), the gross alpha activities for
the two (2) foot core samples generally are higher than those for-

;

! the four (4) and six (6) foot core samples. The gross beta re-
suits as seen from Figures 6.5-2 and 6.5-4' illustrate tnat the

,

[ two (2) foot core samples do not have the higher activity. Ad-

ditionally, Figure 6.5-4 also illustrates the variance of the .

i,

gross beta activity by depth and by cores. 'i

L i.
I

Although the variance in data is less for gross alpha than for '

r

{. gross beta an analysis of the core means indicates the opposite !'

'

!,

effect. Figures 6.5-5 and 6.5-6 illustrates the core means
plus or minus their respective ninety-five percent (95".) con-

L

fidence intervals. .
.
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A review of the background data indicates that both gross alpha
,

I- and gross beta core means ara well below the mean backgrounds
i presented in Tables 6.2-2 and 6.2-3 . An evaluation of the in-

.,

dividual subsurface data results illustrates that they are also
,

,

well below the 1981 subsurface mean backgrounds (4.4 pCi/gm-

|
alpha and 4.2 pCi/gm-beta) with one exception noted for the

'' two (2) foot core sample at Station A-116.
,-
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The radium-225 data is graphically illustrated in Figures
6.5-7 and 6.5-8 For statistical analysis the data reported
at less than 0.5 pCi/gm was considered to be as 0.5 pCi/gm. j
As can be seen from these figures, the majority of the data
was reported at or near the lower limit of detection (0.5 !

'
pCi/gm). Figure 6.6-9 illustrates the core means plus or-

minus their respective ninety-five percent (95%) confidence
. intervals. Sixty-seven percent (67%) of the core means are

below the 1981 mean subsurface background (0.71 pCi/gm).
As a further breakdown, seventy-seven percent (775) of the

*

two (2) foot, fifty-five (55%) of the four (4) foot and
eighty-eight percent (88%) of tne six foot cores are at or
below the 1981 subsurface 1981 subsurface mean background

(0.71 pCi/gm). j
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The data for radium-228 is illustrated in Figure 6.5-11 which
shows the distribution and variance of activity by depth and
care samples. The data is also plotted with the activity on ]
the vertical scale in Figure 6.5-11. This figure also illus-
trates the data ranges for the cores. The 1981 mean background i

for subsurface soils was 0.39 pCi/gm.

It can be seen that approximatley sixty-six percent (66%) of
the overall core means are above the background activity (rig-

ure 6.5-11).
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The strontium-90 data is graphically illustrated in Figures
6.5-13. Figure 6.5-14 shows that, generally, the data is less
than 0.15 pCi/gm. The data is nonnally well below the 1981

_

mean subsurface background (0.05 pCi/gm). However, a review
of the overali core mean reveals that only thirty-three per- t

cent (33%) of the cores are below the subsurface background
(Figure 6.5-15) . |
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The isotopic uranium data is grapnically illustrated in Figures
6.5-16 through 6.5 -18. These figures show that, in general, the ;

data is well belcw the 1981 mean background values reported j

(U-234 = 1.12 pCi/ga, U-235 = 0.26 pCi/gm and U-238 = 0.94 pCi/
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Figures 6.5-21 through 6.5-21 illustrates the core mean activi-
ties for each uranium isotope. These figures show the core

,

means are well below the 1981 mean subsurface background act- i
'

{[ ivities noted above.
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The thorium data illustrated in Figures 6.5-22 through 6.5-25 .--

indicates the thorium-238 data is fairly consistent for all

cores.

However, the data for thorium-230 and thorium-232 shows some ]
This isvariability both with respect to depth and to cores. ~

illustrated in the line plots (Figures 6.5-26 through 6.5-27).
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The 1981 mean background activities were reported in Table
6.2-3 as 0.075 pCi/gm, 0.13 pCi/gm and 0.12 pCi/gm respect-
ively for thorium-228, thorium-230 and thorium-232. The i

mean activity for the cores are generally below the 1981
mean background activities as stated above. This is illustra- : ,,
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ted in Figures 6.5-28 through 5.5-30. |
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| The cesium-137 data is represented in Figure 6.5-31 This
.. ,

figure demonstrates that the data was generally less than !

I 0.08' pCi/gm which is well below the 1981 mean subsurface |
I Ibackground (0.18 pCi/gm). The core means and their respec- ,

!

tive ninety-five percent (95".) confidence intervals are well' i

|- below the 1981 mean background activity (Figure 6.5-33).4

!
, u

k

|
!

L. !

:
1

1

>

-101-
. . .

.

- -- .~.



- .

- Cs sium-137 ,

|'
A Stries (Soil Coren

..

1' E -t ter=4: i r- rooi
2=Four foot 3.

2 * 8 '" '**'

I'+3.5e
--

,
,

1

Figure 6.5-31 ~l3.ee
1. .

,,

.,
,

+2.5e
..

*

1
.
=
4 +2.ee __

i
;

+t. e
..

.
~

2>

+1.88
.. .

I I 2 2 J 2 I I

. . , , ,

86 37 88 102 103 31g g33 334 g,,

S mple identitteettosi

Cesium 137
A Series ($oal Cores)

C -t.

> . se
.

'

>t.ee
.

.

Figure 6.5-32 ,t.4e
-

,

I

'

i

''

1.29
-=

u
a .

'

1 n.ee
-

, ,, , ,, ,,

( |
.

-ke.Se , , , ,, t
.

.

0.6e* . ..

. . , ,

86 87 18 102 103 816 133 134 14e
4

1

Sample idenstracetion

|-102-

f



. c.
|.,'

.

.,

a

ri1

: a

'

f

The solubility test data is presented in Appendix "C". A
; g-
< :.

LJ review of this data shows that the results are less than or:

equal to the activity in the original soil sample. Generally,
j g7

il
the data was less than the respective isotope lower limitsr

of detection.
4 r-

b'i
>

t

! 6.6 Soil - B Series
. ..

j
^ These soil samples were all collected inside the inner securi-;

ty fence, with a large number of samples taken in a grid pat-
_

' tern. Therefore, the statistical analyses performed used the
.

variance of unbalanced data. Unbalanced data was used due to

,i' several grids having structures or other objects making it
impossible to collect surface and subsurface samples. rigure,' .

6.6-1 , illustrates the grid and sample identifications used-

for the variance of the data. In addition, due to tne large
number of data points, the surface and subsurface data is il-

;,

; lustrated in separate figures throughout this section. The sub-
.

surrace samples for the rectangular plots are corrected to the
,

;, same scale as the surface sample for comparison purposes.

,

t
,

[
ihe data for the series sampled were not plotted after background

' correction due to the variance and amount of sample activity whien
would not affect the conclusions shown. The descriptiv'e statistics

for each parameter were determined and tabulated along with the un-'~

;

corrected statistics. As may seen from the tables the data for

- both the corrected and uncorrected are statistically equal.
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i

Ip Tne variance of the data for the gross alpha is illustrated
in Figures 6.6-2 and 6.6-3 Due to the high activity report-iJ

!.,.4 ed for some of the areas the results reported at 500 pCi/gm or

'C less show small variance figures. However, these figures show
that there are several sampling points reported with high alpha'

activity. These points are south of the' production area and'

east of the lagoon annex. One other site noted as having high
| l activity is directly north of Lagoon "A". This is in Figures

6.6-2 and 6.6-3 between rows 9-14 and columns 5-10. Figure'

6.6-3 also illustrates that the activity for B-028 is still
substantially higher than all other data reported (2980 + 502

- pCi/gm. Descriptive statistics for the data are presented in
Table 6.6-1, showing the data range as well as the variance

_
for all "B" series samples.
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Table 6.6-1
Cescriative Statis tics

1-

Soil - B Series I
t

i

Surface Subsurface
(pCi/gm) (pCi/qm)

(a) (b) (a) (b)

Mean = 115 109 42.9 39.0
Variance = 160,571 157,920 76,312 74,986
S td Dev = J00 397 276 273

Data !!in = 0.3 0.3 0.3 0.3'
..

Da ta l'ax = 3,443 . 3,J37 2,980 2,976
Data .4ange = 3,442.7 3,437.7 2,979.7 2,975.3

Standard
Err of Mean = 36.5 24.3 25.2 36.0

(a) Uncorrected for backgrounc; (b'# Corrected for bacxground

An analysis of the data distribution snows that ninety-five cercent (350) cf .;
the data was re'pcrted in :ne range of 0.3 pCi/gm to 200 pCi/gm.
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The gross beta results are graphically illustrated in Figures .

6.6-4 and 6.6-5 _2

The surface samples again show a high activity in the same .,

areas as the gross alphas (between Rows 9-14 and Columns 5-10). ~j

The maximum activity reported for surface samples was B-024

(376 1 10 pCi/gm) and subsurface sample B-028 (337110 pCi/gm).
The subsurface sample for B-028 showed an increase in activity
from the surface sample (22918 pCi/gm to 337 1 10 pCi/gm).

''

Figures 6.6-6 and 6.6-7 illustrate the gross beta with the
_ activity plotted on the vertical scale. A review of these two a

!!graphs show generally those sampling points having surface soil
activities greater than 100 pCi/gm decreased to less than 100 ,,

pCi/gm on the subsurface soil samples. The major exception to _

this trend is noted .on sampling points B-028 and B-099 surface
,

samples which did show a substantial increase in activity.
Other samplings showed increases, but not of the magnitude of
the sampling points noted above.

.-

Gross Beta
E-S Series

i Surface
E +2 Figure 6.6-6
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The highest radium-226 activity reported is for the same general
area discussed above. The subsurface samole data is illustrated

2in Figure 6.6-8. A canparison of Figure (6.6-8 ) with the fig-
ure for subsurface samples (Figure 6.6-9 ) shows that those sites
identified with high activity (greater than 500 pCi/gn) have
shown a decrease for the subsurface samples.

,

$

.

_t

s
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This data is further illustrated using a line graph with then

j activity on the Y-axis Figures 6.6-10 and 6.6-11 ). These

figures show that B-024, B-027, B-028, B-030, B-031, B-035,
r.
I B-036 and B-038 all show activities greater than 4C0 pCi/gm.i,

.

3

i .q

,.

Figure 6.6-10
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The same sampling points mentioned above for the subsurface
9
di samples (Figure 6.6-11 ) show a decrease i, activity. Nine ty

'

percent (90%) of the subsurface results are below 100 pCi/gm.
r;

C A statistical summary of al! "L" series data is presented in

Table 6.6-2 ,
E Table 6.6-2i.

Radium-226
,

i Descriptive Statisticsi

Soil - 8 Series[:
LJ

Surface Subsurface
(pCi/gm) (pCi/cm)-

J'
(a) (b) (a) (b)

--

Mean = 77.1 71.8 16.3 15.6

Variance = 109,341 87,878 10,699 10,427J

_

Std Dev = 330 296 103 102
.

0.2 0.2 0.4 0.2
Da ta Mi n =

Data Max = 2,947 2,496.1 1,088 1,087.3
f

,

Data Range = 2,946.8 2,495.9 1,087.6 1,087.1

I Standard
[ Err of Mean = 30.1 26.8 9.4 9.2

(a) '

!. Uncorrected for background; 'b) Corrected for background
L

l
L

,.

6.6-12 and 6.6-13.The radium-228 data is illu,trated in Figures ,

A review of the at '|v[ical results show that the maximum act-
ivi ty was -i; , ;EO at less than 10 pCi/gm. However, it shculd

, Jctivi ty area has changed from that citedbe noted L,,a m U , .N

earlier for the gross cipha, gross beta and radium-226 data.-

6.o. 12 andThe highest activi ty areas as noted in Figures
-a

6.6-13 are located north-northeas t of the Lagoon "A" area.''

:
L.

f
,

L.a

r
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The data indicated a decrease in activity for the subsurface
,,

f
samples as illustrated in Figures 6.6-14 and 6.6-15 A

review of the data points out that approximately eighty per-
cent (80%) of the surface samples are within the range of 0.1

,

pCi/gm to 1.5 pCi/gm. Approximatley ninety percent (90%) of

|
surface soil data was reported within the subsurface sample

' . range. A statistical summary of the data is presented in Table
6.6-3..,

!

|. *

.

. Figure 6.6-14
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Table 6.6-3

Radium-228

Descrictive Statis tics

Soil - B Series

I
! : Surface Subsurface

(pCi/gm) (pCi /gm)

(a) (b) (a) (b)
,

:

! Mean = 1.00 0.57 0.34 0.53 s

'iariance = 1.40 1.26 1.07 0.95 3

[ Std Cev =
'

1.18 1.12 1.03 0.97

Da ta Mi n = 0.1 0.1 0.1 0.1

Da ta Max = 9.71 9.20 7.09 6.70

Data Range = 9.61 9.10 6.99 6.60

[~ Standard
i Err of Mean = 0.10 0.10 0.09 0.09

Uncorrected for background; (D) Corrected for backgroundd
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The variance of the strontium-90 activity in the surface soils
is illustrated in Figure 6.6-16. The high activity areas are l

Jnoted at the southwest corner of the production area building,
east of the incinerator building.and north of Lagoon "A". A c

review of the statistics for the samples indicates the range w

and variance decreased for the subsurface samples. The means ,

for both the surface and subsurface samples are statistically ;

equal as may be seen from Table 6.6-4. In addition, eighty to
ninety percent (80-90%) of the data for both surface and sub- j

surface samples were reported in the range from less than 0.03
,

:pCi/gm to 0.15 pCi/gm.
)

Table 6.6-4

STRONTIUtt-90

Descriative Statistics

Soil - 3 Series

Surface Subsurface
~

(pCi/gm) (oCi/gn)

(a) (b) (3) (b)"

Mean = 0.09 0.06 0.06 0.05
.

Variance = 0.04 0.03 0.01 0.01 i

Std Dev = 0.21 0.19 0.11 0.10 "!

Data Mi n = 0.03 0.03 0.03 0.03 i

i

Data Max = 2.02 1.85 0.98 0.93 3 {~
Oata Range = 1.99 1.32 0.95 0.30 |

S tandard !~
'

Err of Mean = 0.01 0.02 0.01 0.01

(# Uncorrected for background; (b) Corrected for background -

!
:

-

-
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The variance and distribution of isotopic uranium (U-234,
U-235, U-238) is graphically illustrated in Figures 6.6-13 ]̂
through 6.6-22 (surface and subsurface samples). A review

of these plots points out that generally the activity is -

uniformly distributed throughout the area sampled with the
'

exception of some high activity areas (same as those noted -

for gross alpha and radium-226). Generally, it can be seen
that the activity decreased for the subsurface samples. 9
However, scme samples revealed an increase. The data is j

further illustrated in Figures 6.6-23 through 6.6-28.
These figures illustrate the variance in activity between

the surface and subsurface samples. As seen in these figures,
"

the uranium-234 activity (Figures 6.6-23 and 6.6-24 ) show
an increase, particularly with respect to sample B-028 (309

-

1 4 pCi/gm to 3309 1 146 pCi/gm). The descriptive statistics q
Jfor these samples are presented in Table 6.5-5.

Table 6.6-5 i

Uranium-234
'

3escriative Statistics

Soil - B Series
,

Surface Subsurface
(pCi/gm) (oCi/gm) ;

(a) (b) (a) (b)

Mean = 32.5 31.1 33.7 32.4 .i
i

Variance = 7,295 7,181 91,209 89,700 "

Std Dev = 85.4 84.7 302 299
"'

Data Min = 0.05 0.05 0.05 0.05 _

Cata Max = 600 599 3,309 3,308

Data Range = 599 599 3,308 3,308

Standard
Err of Mean = 7.7 7.7 27.5 27.1 ;,

.i '
i

o

* Uncorrected for background; (b) Corrected for background

J

L

d;
i
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This tab.le indicates a high variability of activity through a
y
Jthis group of data. However, the high variance is predominia-

tly due to a few areas. The overall data distribution indi- q
cates that eighty to ninety-five percent (80-95%) of the data .1

'

,

is within the range of 0.05 pCi/gm to 150 pCi/gm. ).,

*
,

'1

. _5

-,

2

T

Figure 6.6-25
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The urarium-235 data is illustrated in Figures 6.5-25 and
6.6-25 and shows an ove:all decrease in activity. However,

,

i
for some sampling points, the subsurface samples show a higher
activity than for the surface samples (8-028 and S-035).
Al1 other samples we.'e statistically at the same activity.

<

A statistical sunrnary of this data is given in Table 6.10-6.r-
I

t.

Table 6.6-6

[ Uranium-235
u

Descriptive Statistics
'

i Soil - 8 Series

k Surface Subsurface
' (pCi/gm) (oCi/gm)''

(a) (b) (a) (b)
r
'
!

Mean = 2.53 2.32 1.10 0.93'

Variance = 69.6 68.1 26.2 25.6

Std Dev = 8.34 3.25 5.12 5.06

.
Da ta Mi n = 0.05 0.05 0.05 0.05

i Da ta Max = 70 69.7 52.6 52.3
-

.

Da ta Range = 69.95 69.95 52.55 52.29

Standa rdi
Err of Mean = 0.76 0.75 0.46 0.46 .'-

'

!' (a) Uncorrected for background; (b) Corrected for background
i

'

The uranium-238 data shows a slight increase in activity with
i

subsurface samples being erratic (less than or greater than ,

the surface samples). However, in general, the data was s ta-
.

~ tistically equal for both sets of samples. This data is il-
.

lustrated in Figures 6.6-27 and 6.6-28.
.

i
S. ,e

L '

;
is

e, 8

i

I'
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' O
1, U The descriptive statistics for these samples is supportive

of the above discussion. The s tatistical suranary is present-
: -,

t*

J ed in Table 6.6-7.
1

j (" Table 6.6-7

[ '-' Uranium-238

j l Cescriotive Statis tics
=-

! j
I Soil - 8 Series
- i _,

j [i
i ' ' ' Surface Subsurface

(pCi/gm) (pCi/gm)*

1

_

| [gj (a) (b) (a-) (b)
i

Mean = 2.11 1.40 1.22 0.63-

y

.' i. .' Variance = 18.47 17.47 1.71 1.10
. . .

:) Std Dev = 4.29 4.18 1.30 1.05
,

{p
a

Data Min = 0.05 0.05 0.05 0.051

Da ta Max = 41.2 40.3 6.99 6.10
-

'

[ Oata Range = 41.15 40.2 6.99 5.05'

L'' Standard
Err of Mean = 0.39 0.38 0.11 0.09

,

!
.

(3) Uncorrected for background; ( } Corrected for Dackground

Uranium-238.

[,, '

s-s-8 series (soils)
-

! ~

9We 6.6-28 i
j :, 7,00

,,

i? +6.00
,,

'

t +5.08
,, g

I .'L'

*

,
'4=00

,,

% 2
u

+3.00 ,

's { 7 M~~

.
'

.

,f r+2.0e
,,

- ,

i J N g \3
% .$ : ,- ,l J+t.ae -e-

,0.00 |$ 14 ~2 ed $3 ,

. .I S ta 15 20
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Table 5.5-3
Tho rium-223

Descriptive Statis tics '| |I ,

Soil - B Series
f,

!

}
Surface Subsurface
(pCi/cm) (oCi/gm) ,

I

(a) (b) (a) (b) .j

isan = 0.14 0.12 0.08 0.07 :

Vari ance = 0.24 0.23 0.01 0.01

Std Dev = 0.49 0.48 0.12 0.11

, h*pta Mi n = 0.05 0.04 0.05 0.05 i
J

,

M ata Max = 5.2 5.13 1.1 1.03 i

Data Range = 5.25 5.09 1.05 0.98

Standard
IErr of Mean = 0.04 0.04 0.01 0.01

i i
i

(al' Uncorrected for background; (b) Corrected for background }

|
'

~ !
!
1
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[,

!. The isotopic thorium (Th-228, Th,230, Th-232) data with some
exceptions, (see Figures 6.6-29 through 6.6-33 ) show a decrease,_

or equal (statistically) activity between the surface to sub-
,,

surface samples.. The descriptive statistics are presented in-

Table 6.6-8 through 6.6-10).

Table 6.6-9,

I

l. Tho rium-230

>
. Descriotive Statistics

i Soil - B Series

Surface Subsurface
(oCi/gm) (oCi/gm)

(a) (b) (a) (b)
i

Mean = 0.94 0.89 0.21 0.17

Variance = 11.6 11.4 0.62 0.50
,

i

Std Dev = 3.4 3.4 0.79 0.77 ;

! Da ta Mi n = 0.05 0.05 0.05 0.05 t-

1

- Da ta Max = 29 28.9 8.28 8.14
~

Data Range = 28.95 28.8 8.23 8.09
;

i
i Standard

Err of Mean = 0.31 0.3 0.07 0.07 ,

!

,

(a) Uncorrected for background; (b) Corrected for background.

S

&

!i

i

h

.
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Table 6.6-10 -,
,

Thorium-232
Descriptive Statistics

--

Soil - B Series a
4

c-

Surface Subsurface
"(pCi/gm) (pCi/qm);

(a) (b) (a) (b) ,

i
"

Mean = 0.17 0.14 0.09 0.06

Variance = 0.44 0.42 0.007 0.003 ,

lStd Dev = 0.66 0.65 0.08 0.06

Data Min = 0.05 0.05 0.05 0.05
Data :*cx = 7.2 7. 07 0.78 0.66.

Data Range = 7.15 7.02 0.73 0.61
,

Standard I

d'Err of Mean = 0.06 0.06 0.007 0.005

Uncorrected for background; (b) Corrected for background -

.

)
1
J

|

1 t

.. I;

I,

i

,.

!

I
'

|
^

i
'i

a

)
'

),
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Generally, the cesium-137 data shows a decrease for the subsurface .q

samples as compared to the surface samples with the exceptions U
,

of B-050'and B-083. This data is illustrated by a rectangular .,

plot in Figures 6.7-35 and 6.7-36. J

-

-l
;

'l
'

il
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j iS
j An analysis of the data distribution points out that the range

r;

| tj of activity for the subsurface samples has increased. Eighty

; to ninety percent (80-90%) of the res0lts reported were in the

$ri range of 0.05 pCi/gm to 2 pCi/gm for both surface and subsurface
Ie

samples. The overall means for the surface and subsurface samples'

were 0.96 pCi/gm and 0.92 pCi/gm with standard deviations of"

J
i 2.50 pCi/gm and 4.06 pCi/gm respectively.

'

i.
.

6.7 Core Soil Samples - B Series'

- Four (4) foot and six (6) foot core samples were collected from
eight (8) of the "B" series sampling stations.i -t

The gross alpha variance and distribution of activity is illus-'

" trated in Figures 6.7-1 through 6.7-3 . As may be seen from
.

-- these figures, the means of the activities for the cores are gene-
'

- rally below the 1981 gross alpha background data (5.0 + 2.1 pCi/
gm surface and 4.4 + 1.7 pCi/gm subsurface). However, the in-
dividual data results show that approximately fif ty percent

(50%) of the results exceed the 1981 backgrounds. In addi tion,

[ the data is higher than that for the D-D core samples discussed
earlier in this report. The overall means for the data is pre-

1, sented in Table 6.7-1.
i.

Table 6.7-1
i Gross Alpha
[

B Series Cores
,

95% Confidence Interval ,

Mean Lower Limit Uoper Limit
|

-.

Four Foot 5.0 4.0 6.1 ;

"

Six Foot 5.6 4.5 6.6
.

k.

9%

J

r
!
u.

L_ ,

-

y
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Table 6.7-1 (Cont'd)
: Gross Aloha 7;

]
.

B Series Cores
pCi/gm

95% Confidence Interval
-

.

-

Core Mean Lower Limit Upoer Limit

. 56 3.8 1.7 5.8 -'

67* 8.8 6.7 10.8 2

69* 5.7 3.6 7.7 y

60 2.8 0.7 4.8 L

62 4.9 2.8 6.9
-.

71 7.1 5.0 9.1 u

83 4.3 2.2 6.4

84 5.3 3.2 7.3
t

*These samples were apparently mislabeled (by UNC). An assump- ,

tion was made that one is 67 and the ottier 69. .i
al

.)
JFigure 6.7-1
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.
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*
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n

.)The gross beta activity variance is illustrated in Figure 6.7-4 .
S

This figure points out that the highest activity was reported '

for the B-67 six (6) foot core sample due to mislabeling. I
'

Figure 6.7-5 illustrates the individual data points and gener- -

ally indicates that the results are statistically equal to the
1981 background samples (5.5 + 3.5 pCi/gm and 4.2 1 6.12 pCi/gm) -

surface and subsurface respectively. This is also true of the
core means as illustrated in Figure 6.7-6.

l
i

.

-

t

.w

- Figure 6.7-4
Cross Beta

B Series (Sail Cores) .j

.

d

I
__
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The data means and ninety-five percent (95%) confidence inter- q
vals are presented in Table 6.7-2. ..!.

,

Table 6.7-2

Gross Beta
- |

Soil Cores - 8 Series i
pCi/gm

95% Confidence Interval -

Mean Lower Limit Upper Limit
_

Four Foot 5.1 3.8 6.3 _

Six Foot 5.5 4.2 6.7

95% Confidence Interval
Core Mean Lower Limit Upoer Limit

58 1.0 -1.4 3.4 g
67* 10.6 8.1 13.0
69* 6.5 4.0 8.9 l
60 2.9 0.4 5.4

~

62 5.6 3.1 8.0 - <

71 6.8 4.3 9.3 - |
83 6.0 3.5 8.5 ,

84 3.0 0.5 5.5 ._)
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r,

;,
t-

i ['' :.
: p *These samples were apparently mislabeled (by UNC). A assump-
| ;; tion was made that one (1) is 67 and the other 69.
.

_

i. The radium-226 data shows the 8-067* six (6) foot core sample
L

demonstrated the highest activity (see Figure 6.7-7 ). A

[ review of the data in Figure 6.7-8 points out that the
'" data is statistically equal to the 1981 subsurface back-

[' 9round activity (0.71 + 0.43 pCi/9m). This is also true
of the core mean's as is illustrated in Figure 6.7-9 The'-

core means and their respective ninety-five percent (95%)r

k- confidence intervals are presented in Table 6.7-3..
.

{" Table 6.7-3
Radium-226

t' Soil Core - B Series
| pCi/gm i

95% Confidence Interval
Mean Lower Limit Vocer Limit

i *
.

Feur Foot 0.6 0.34 0.85
Six Foot 0.96 0.70 1.21,

b

95% Confidence Interval
Core Mean Lower Limit Upper Limit

58 0.90 0.39 1.40 :

I*

67* 1.50 0.99 2.00
_

69* 0.75 0.24 1.25 '

j 60 0.65 0.14 1.15 |,

' '
62 0.50 -0.007 1.00

{ t 71 0.95 0.44 1.45
I

'

t. 83 0.50 0.00 1.00
84 0.50 0.00 1.00;

k- !-
<

| *These samples were apparently mislabeled (by UNC) A assump-.'
| tion was made that one (1) is 67 and the other 69.,

|i.

i-
'

i

m

e

I i
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An illustration of the variance for Raditan-228 is presented in
j Figures 6.7-10 and 6.7-11. These figures indicate core and
'

depth data fluctuations. In addition, it is noted from Figures
j 6.7-11 and 6.7-12 that results generally exceed the 1981 back-
i ground data for subsurface samples (0.39 + 0.45 pCi/gm). The

'

means and ninety-five percent (95%) confidence intervals are
,'

.,
presented in Table 6.7-4

.

Table 6.7-4
t Radium-228

,

Soil Core - B Series
pCi /gm

""

95% Confidence Interval
Mean Lower Limit Uocer limit

i

L Four Foot 0.42 0.14 0.69 .

I Six Foot 0.73 0.46 1.01
\ ;.

m i

o

. .

i

j - I
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Radium 228
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j ^ Table 6.7-4 (Cont'd)
,

1 n Radium-228
i-,

* L.i
Soil Core - B Series

: pCi /gm,,
' 957 Confidence Interval

Core Mean Lower Limit Upper Limit

i' 58 0.92 0.37 1.47
I2 67* 0.90 0.34 1.45

4
,

69* 0.68 0.12 1.23"-

.: 60 0.53 -0.02 1.08

62 0.10 -0.45 0.65

;
,

71 1.00 0.45 1.55

83 0.12 -0.42 0.67
.3

84 0.37 -0.17 0.92

*These samples were apparently mislabeled (by UNC). A assump-
tion was made that one was 67 and the other 69.. . .

,

;
;

,

Figure 6.7-12
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The isotopic uranium (U-234, U-235, U-238) data are graphically -

illustrated in Figures 6.7-17 through 6.7-18 . These figures -

show that the overall activities are below the 1981 background a

means for subsurface samples (U-234 = 1.12 + 1.17 pCi/gm, U-235 q

= 0.26 1 0.44 pCi/gm and U-238 = 0.94 1 1.22 pCi/gm). .]

l
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Statistical evaluation of the isotopic thorium data points M |

that, generally, the four (4) foot core sample data are below l'-

the 1981 mean backgrounds (Th-228 = 0.025 + 0.038 pCi/gm and .}_
,

Th-230 = 0.13 + 0.11 pCi/gm).
a

\

aE I

9

i

l

d||
Figure 6.7-19
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'.. The thorium data is presented in Figures 6.7-19 through 6.7-21.i .
,

The thorium-232 results illustrated in Figure 6.11-21 shows that i
.. '

[,: fif ty percent (50%) of the four (4) fcot cores excead the 1981:

background of 0.12 + 0.05 pCi/gm. The core means and their res-

j pective confidence intervals are presented in Table 6.7-5 through
6.7-7. In general the core means are statistically eoual to'

C the 1981 background means with the exception of B-060 for thorium--

* L~ 228 and 8-071 for thorium-230 and thorium-232.+
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p Table 6.7-5
- Thorium-228->

,

Soil Core - B Series,-

!; pCi/gm -

95% Confidence Interval
Mean Lower Limit Upper Limiti ,

'2- Four Foot 0.09 0.05 0.12
, Six Foot 0.05 0.02 0.09

fi
i C

- 95% Confidence Interval,

Core Mean Lower Limit Upper limit

F 58 0.12 0.05 0.18,

t,,

67* 0.05 -0.01 0.11"

69* 0.05 -0.01 0.11p
L 60 0.15 0.08 0.21

62 0.05 -0.01 0.11
, . .

'

[ 71 0.05 -0.01 0.11

83 0.08 0.01 0.15
'

84 0.05 -0.01 0.11

*These samples were apparently mislabeled (by UNC). A assump-' _;
i tion was made that one was 67 and the otner 69.

. . .

'- Table 6.7-6
r1 Thorium-230

Soil Core - 8 Series
pCi/gm

95% Confidence Interval~'

[; Mean Lower Limit Upoer Limit

Four Foot 0.17 0.02 0.32

Six Foot 3,13 -0.01 0.28
, . .

, .

t> l
,

..

B

*

to w

'

|
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Table 6.7-6 (Cont'd) --

Thoriun-230 q-

Soil Core - B Series d
pCi/gm

95% Confidence Interval -

'
Core Mean Lower Limit Vooer Limit

58 0.13 -0.16 0.43 q
67* 0.17 -0.12 0.47 JJ

'

- 69* 0.05 -0.24 0.34i m

| 60 0.13 -0.16 0.43 1
.).

62 0.25 -0.04 0.55
71 0.35 0.05 0.64 7

-]
'

83 0.09 -0.20 0.39
84 0.05 -0.24 0.34

. *These samples were apparently mislabeled (by UNC). A assump- ,
' tion was made that one was 67 and the other 69. ]

Table 6.7-7 i
Thorium-232

Soil Core - B Series
pCi/gm

95% Confidence Interval
Mean Lower Limit Upoer Limit

.

{
Four Foot 0.12 0.03 0.21

~

Six Foot 0.16 0.07 0.24

95% Confidence Interval J

Core Mean Lower Limit Upoer Limit j'

58 0.13 -0.04 0.30
67* 0.17 -0.00 0.35 ;

69* 0.10 -0.07 0.27
60 0.13 -0.04 0.31
62 0.05 -0.12 0.22

71 0.45 0.27 0.63 |
'

' ~

l83 0.05 -0.12 0.22
84 0.05 -0.12 0.22

*These samples were apparently mislabeled (by UNC). An assump-
-

tion was made that one was 67 the other 69.
i

*
_J
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r.
i The cesium-137 data is illustrated in Figures 6.7-22 and 6.7-23

,

are statistically ecual to or less than the 1981 mean background
4

o
activity (0.18:0.11 pCi/gm).
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6.8 Soil Water Solubility Tests "B" Series
~

The gross alpha water solubility tests revealed no gross alpna
activity detected above the lower limit of detection (0.3 pCi/gm)
for the surface and subsurface samples tested with the excep-

1tion of B-024 and B-034 Less than one cercent (1%) of the total -

activity detected in the original samoles was soluble (B-024
and 8-034). ]

,!

j The gross beta aaalyses showed no water soluble activity ex-
c

cept for the surface samples. Surface samples B-024 and 8-059 i
!

had activities of 2.2 j; 0.4 pCi/gm and 0.8 j; 0.3 pCi/gm, res-
pectively. This represents less than one percent (1%) and nine- ]

b teen percent (190) of the activity detected in the original sam-
' J

! ples. All others were reported at less than 0.1 pCi/gm. -

All surface and subsurface samples analyzed for water soluble
radium-226 were reported at less than 0.5 pCi/gm, except for

],

B-024 surface sample. The activity reported for the B-024 >

surface sample was 16.2 f; 1.8 pCi/gm. This represents less -

than one percent (1%) of the activity in the original sample.

All water soluable radium-228 results for both surface and ,

,

subsurface samples were reported at less than 0.1 pCi/gm ex- ~ -

cept for surface sample B-059. The water soluble activity

was reported at 0.79 j; 0.44 pCi/gm which is s tatistically j >

equal to the activity determined for the original sample.
|-

Surface samples for strontium-90 were all reported at less ;

i than 0.03 pCi/gm with the exception of S-034 B-073 sub-
,

j
'

surface sample showed an activity statistically equal to
.

the activity of the original samples.
.

The surface samples analyzed for water soluble isotopic j

uranitm were reported as less than 0.05 pCi/gm except for
B-024, B-034 and S-076. These were reported at five to
ten percent (5-10%) less than the original sample activity.

The isotopic thorium data for surface and subsurface water
'

solubility tests were all reported as statistically equal to
|

the activity of the original sample or less than 0.05 pCi/gm. ,.

All cesium-137 data for surface and subsurface water solucle .

tests were reported at less than 0.08 pCi/gm.
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7.0 Gross Aloha / Beta Viability Discussion;

Tables 7.0-1 through 7.0-9 summarize the Gross Alpha / Alpha Emitters

and the Gross Beta /Betc Emitters data.i

Ivaluating the data presented in these tables , it can be concluded
the analysis of Alpha and Beta Emitters could be eliminated in most

'

instances. It is recommended that only Gross Alpha and Gross Beta be

;~ analyzed on all samples and specific isotopic analysis on samples ex-
ceeding ten times background. (See Table 7.0-3).

| This recommendation is based on the assumption the area will require
disposal of contaminated material. When an area demonstrates twice
or higher background activity (See Table 7.0-3) in either Gross Alpha

| or Beta, selective emitters should be analyzed and quantizr:d. Based.

on future use of the area in question, restricted or unrestricted, a
,

determination on the isotopes to be analyzed can be formed.

4

-
.

!

'
I

i
i

$

:

.

L. .

,

I
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]'Table 7.0-1

Alpha / Beta Evaluation
7,

.

'~

Macadam
pCi/gm
Mean

.

Analysis

2.4 i
Gross Alpha

,.

'' Alpha Emitters _,

[
''

! Radium-226
~

Uranium-234 ,

o
Uranium-235 0.12

e
3,

Uranium-238 ,; ;

d

Thorium-228 .;
.

!
^

Thori tri-230
-,

Thorium-232
-a

Sum (Alpha Emitters) 0.12
.

Gross Seta 0.3
2 ,

Beta Emitters None analyzed ; ;
' i, :i

'

Radium-228

Strontium-90 .,

Cesium-137
;

Sum (Beta Emitters)
.

t$

e

| ,

i

i
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-,

Table 7.0-2'

['-| Alpha / Beta Evaluation
'

1963 Soil Background Samples
,,

u,

pCi/gm

[ ". Analysis Mean
, , . -
4

Gross Alpha 3.9.

q
,j Aloha Emitters

Radium-226 -

j
-

' l2 Uranium-234 *0.088

I Uranium-235 -

L,

'

-Uranium-238 -

r-

{L Thorium-228 -

Thori um-230 -
.

!
I Thori um-232 -

Sum (Alpha Emitters) 0.088'

,

l' Gross Beta 8.5
L:

; Beta Emitters
t-

Radium-228 -

,

Strontium-90 -

, . .
! -

L- Cesi um-137 -

Sum (Beta Emitters)
..

;

' 'Value is a summation of U-234 and U-238
E

o '

#

- f

' I-

||
'
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Table 7.0-3 _

Alpha / Beta Evaluation I

1981 Soil Backoround Samples (E-S Series) '

> - ;

Surface Sub-Surface-

pCi/gm pCi/gm -

Analysis Mean Mean

Gross Alpha 5.0 4.4 -

'

Aloha Emitters '
.

Radium-226 0.8 0.6
"

. ,

Uranium-234 0.99 1.12,

'Jrani um-235 0.30 0.26

Uranium-238 0.93 0.94 e

Thorium-228 0.068 0.75 '"

Thorium-230 0.087 0.138 l
.!

Thorium-232 0.126 0.125

Sum (Alpha Emitters) 3.30 3.26 |

Gross Seta 5.5 4.2
{:_

Beta Emitters ;

'-) i

Radium-228 0.52 0.39 fj '
r

Strontium-90 0.17 0.05 ,

|
Cesium-137 1.49 _0.18

-'

,
Sum (Beta Emitters) 2.18 0.62 i

J-'

f

4 0

l

.

,

!

a
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1-

-(' ,

eable 7.0-4

]| e

[, Alpha / Beta Evaluation;
5

] 1981 NRC Background Samples (X, Y)
.

!
J,

a,
,

pCi/gm
! ('

L. ,
Analysis Mean

4

1; Gross Alpha 2.5
,

Aloha Emitterso

: Radium-226 0.6'

,

Uranium-234 1.83
.

7
1 Uranium-235 0.25
,

i Uranium-238 0.92
,.

"o l Thorium-228 0.05
ti

Thorium-230 0.06'

n
Thorium-232 0.06

Sum (Alpha Emitters) 3.78

Gross Beta 5.4

Beta Emitters

Radium-228 1.08 ,,

l'
Strontium-90 0.49 r

. ,

'
Cesi um-137 4.02

,

f. Sum (Sata Emitters) 5.59 [,.
,

.

,

I

s

(

&

i, ,_

!

)

5
I

,

,
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4

..

*.e

Table 7.0-5
_

Alpha / Beta Evaluation .

,

Macadam
Soil Under Macadam (0-0 Series y-

1 foot Core 2 foot core -

I pGi/gm pLi/gm
"

Aglysis Mean Mean
c

Gross Alpha 6.7 5.0
-

Alpha Emitters [
Radium-226 1.5 0.9 -

4

Uranium-234 0.35 'O.10 -

~

Uranium-235 0.12 0.07
m

Uranium-238 0.14 0.13
,

-

Thorium-228 0.05 0.07

i Thorium-230 0.25 0.18 . . ,

Thorium-232 0.21 0.19 -

''

Sum (Alpha Emitters) 2.62 1.54
-

'

Gross Beta 2.7 2.2
.I

_J
Seta Emitters

Radium-228 0.5 0.4

Strontium-90 0.14 0.03 .

l'
Cesium-137 0.08 0.08 .j

,

Sum (Beta Emitters) -0.72 0.51 .

,

__ ; ;:J

,

.

i

f

,.s

.

|

'A
i *i

e
l *
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Table 7.0-6.

r,,

i, Alpha / Beta Evaluation

Soil - A Series, _ ,

;
'

Surface Sub-Surface
pCi/gm pC1/gm

Analysis Mean Mean

Gross Alpha 5.4 3.9
,-

Alpha Emitters

Radium-226 1.90,
. 1.08

i
''

Uranium-234 1.32 0.73

Urani um-235 0.17 0.15,

Uranium-238 0.63 0.40:
4

,; Thorium-228 0.098 0.074
4

Thori um-230 0.097 0.083r-

' '
Thorium-232 0.058 0.062.

'
Sum (Alpha Emitters) 4.27 2.58

j Gross Beta 3.4 2.8,

l.

Seta Emitters

i Radium-228 0.68 0.64,

L. ..
.

Strontium-90 0.09 0.08
~

f
'

L Cesium-137 0.60 0.33

Sum (Beta Emitters) 1.37 1.05 !
i

,

L;'

4 4

4., i

I.4 |
.

,

e.[

t
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Table 7.0-7
71

Alpha / Beta Evaluation :)

Soil Core - A Series _ -,

2 foot _ 4 foot _ 6 foot

pCf/gm pCi/gm pCi/gm q
Mean ;j

Mean Mean ..Analysis

2.7 2.2 1.26 m

Gross Alpha !
4

.a

Aloha Emitters
'l

Radium-226 1.06 0.91 0.67
JJ

Uranium-234 0.24 0.17 0.32
~l

Uranium-235 0.12 0.07 0.05 %)
,

Uranium-238 0.23 0.20 0.15 ,
,

"

Thorium-228 0.07 0.05 0.08
i

Thorium-230 0.13 0.37 0.06 ;

Thorium-232 0.10 0.22 0.06
t

1.95 1.99 1.39
Sum (Alpha Emitters)

1.48 0.80_ 0.90 j
Gross Beta :

.
.,

Beta Emitters

Radium-228 0.49 0.50 0.30

l
Strontium-90 0.09 0.07 0.07

Cesium-137 0.12 0.08 0.08

Sum (Beta Emitters) 0.65 0.65 0.45

|
,

.

.
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Table 7.0-8,

~'

*

Alpha / Beta Evaluation,

I
3

i

Soil - 8 Series.

:~
Surface _ Sub-Surface
pCi/gm pCi/gm'

Mean Mean. ,,

|' Analysis

115 _42. 9_
.

Gross Alpha

b Aloha Emitters

Radium-226 72.5 16.0
r,

I.

Uranium-234 32.0 33.2L,
'

(. Urani um-235 2.50 1.09,

|,
Uranium-238 2.09 1.21

!
0.14 0.09

: Thori um-228

0.93 0.22
Thori um-230

0.17 0.09
Thori um-232

Sum (Alpha Emitters) 110.33 51.9

--

f
--

Gross Beta

16.4 8.8 |Beta Emitters
\.

,

Radium-228 1.0 0.84

Strontium-90 0.09 0.06

I
'

0.96 0.92
Cesium-137 ,

i

2.05 1.82 ;

f Sum (Beta Emitters)

I ..
'

I
.

.
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Table 7.0-9
'

. .,.

iAlpha / Beta Evaluation #
.

I Soil Cores - 8 Series . . ,

;

i

4 foot 6 foot

pci/gm pG1/gm

Mean Mean
,

1

Analysis
.>

5.0 5.6
I Gross Alpha .s

}
.

Alpha Emitters

Radium-226 0.60 0.96 .,

}
t 2

Uranium-234 0.34 0.20

Urani um-235 0.09 0.09 j
. . >

Uranium-238 0.23 0.11

Thorium-228 0.09 0.05

Thorium-230 0.17 0.13
'

0.12 0.16
Thori um-232

1.64 1.70
Sum (Alpha Emitters) .

.

5.1 5.5
Gross Beta

.--

Beta Emitters _

Radium-228 0.40 0.73 .; ,

-Strontium-90 0.04 0.06 .

!

Cesium-137 0.11 0.14 '

Sum (Beta Emitters) 0.55 0.93
,

I
i

!

i

,

4

.

. - ,
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rl 8.0 D0 SAGE EVALUATIONIl _

u The following tables represent the mean for total bone, ingestion,
total bone and ingestion, and total lung exposure (mrem /yr) and

[J-

ninety-five percent (95%) confidence intervals. All dosage means'

(mrem /yr) on samples analyzed, with the exception of B series"

surface and subsurface soils, are presented in Tables 8.0-1,

through 8.08. B-series surface and subsurface dosage means

are not presented because it would give unrealistic data due
to the high variance. This can be seen in Table 8.0-9 where a
complete sample breakdown (dosage mrem /yr) is presented for 3-series
surface and subsurface samples.

' .

2

Table 8.0-1
-

I Dosage
.A

Soil Cores - B Series (4 Foot)
PM

mrem /yr

95% Confidence Interval
I Mean Lower Limit Uccer Limit
(

-
.

Total Bone 0.84 0.56 1.11

f Inges tion 6.21 5.94 S.48

Total Bone and Ingestion 7.05 6.78 7.32

I Total Lung 0.92 0.65 1.19
,

l.
,

'

I- Table 8.0-2
|!

Dosage
t

Soil Cores - B Series (Six Foot)
f
I- mrem /yr

i

!I 95% Confidence Interval
L Mean Lower Limi t Uoner Limit

t Total Bone 1.05 0.57 1.52j e
! !; Ingestion 11.52 11.04 12.00 ,

Total Bone and Ingestion 12.57 12.10 13.05

Total Lung 1.40 0.93 1.88

.

I

i. .

!.-
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4 Table 8.0-3
.i 7Cosage

l,

Soil Cores - A Series (2 Foot)
7

i mrem /yr
.|'

| 95% Confidence Interval
Mean Lower Limi t Upper Limit .)

Total Bone 1.88 -1.48 5.25'

.,

! Ingestion 10.38 7.00 13.75 1'

Total Bone and Ingestion 12.26 8.89 15.63 I

Total Lung 3.75 0.38 7.12 _j

. .]

Table 8.0-4

]Dosage

Soil Cores - A Series (4 Foot)
..

mremlyr
,

95% Confidence Interval '
Mean Lcwer Limit upoer Limit

.1

Total Bone 1.08 0.61 1.55

Ingestion 9.56 9.09 10.03

Total Bone and Ingestion 10.65 10.17 11.12

Total Lung 1.07 0.60 1.55 1
.!

Table 8.0-5 ,

.j;Dor. age
I

Soil Cores - A' Series (6 Foot )

mrem /yr a

95% Confidence Interval ;

Mean Lower Limi t Uoper Limit !

J

Total Bone 0.25 0.07 0.42

Inges tion 3.65 3.48 3.83

Total Bone and Ingestion 3.91 3.73 4.08

Total Lun9 0.45 0.27 0.62

,

I .

.

I.
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Table 3.0-6'
-,

Oosage'

,

'! Soil Core - A Series (Surface)
r-

f
'

mrem /yr 95". Confidence Interval
Mean Lower Limit Upoer Limit

' , |r '
,

Total Bone 1.39 1.12 i.''
'

.

24.77 24.49 25.05Inges tion
t.

Total Bone and Ingestion 25.91 25.64 26.19

Total Lung 2.77 2.49 3.04

-
.

Table 8.0-7
Oosage* ->

Soil - A Series (Subsurface)
'

.

95". Confidence Interval
- mrem /yr

Mean Lewar Limit Upper Limit

|
Total Bone 0.79 0.65 0.93

Ingestion 13.85 13.71 14.00

Total Bone and Ingestion 14.67 14.53 14.81

Total Lung 1.64 1.50 1.79

I

Table 8.0-8
Dosage

i .

I Soil Core - 0 Series - Under Macadam (1 Foot)

mrem /yr 95" Confidence Interval
Mean Lower Limit Upoer Limit

Total Bone 1.66 0.77 2.54

Ingestion 17.43 16.54 18.31

Total Bone and Ingestion 19.09 18.20 19.97
r-

i. Total Lung 1.84 0.95 2.73

i

'
L

.
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Table 8.0-9 .)

.

Dosage
q

Soil Core - 0 Series - Under Macadam (2 Foot) j

mrem /yr 95% Confidence Interval 1

Mean Lower Limit Unner Limit j

Total Bone 1.33 0.52 2.15 ,

Ingestion 10.40 9.59 ' 11.21 _j

Total Bone and Ingestion 11.74 10.92 12.55
,,

Total Lung 1.25 0.43 2,06 j
.

!

,

.'

Table 8.'0-10
Dosace

Macadam g

mrem 95% Confidence Interval
Mean Lower Limit Upoer Limit

Total Bone O'.00167 0.00037 0.00296

Ingestion 0.18000 0.17870 0.18130 ,

Total Bone and Ingestion 0.18167 0.18037 0.18296

Total Lung 0.03167 0.03037 0.03296
.

For ease of exposure data review on each sample matrices analyzed
isotopically see Tables 8.0-11 through 8.0-22.

It can be cor cluded fmm review ;f this exposure data, that selected |
areas need to be analyzed and monitored extensively during and af ter

i
'clean-up to establish unres trictive or res tri tive use. ;

I
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i;, Table 8.0-11

Soil - A Series - Surface,,

\
'

! :, mrem /yr

Total Excosure to Bone Total Exposure to lung; ['
'

Sample
Identification Total (a) Ingestion Total (b) Total (a)

-

*
- A-003-S-0 0.62 5.76 6.38 0.80

A-004-S-0 8. 30 185.73 194.03 21.02
A-012-S-0 0.91 20.02 20.93 3.62r"

l' A-027-5-0 0.32 0.26 0.58 0.05
' ' -

A-050-S-0 1.83 33.09 34.92 3.37
A-062-S-0 1.99 35.55 37.54 4.27

.

A-063-5-0 0.69 20.65 21.34- 2.89!-
, L: A-078-5-0 1.23 26.67 27. 90 3.43

A-ll7-S-0 1.12 24.03 25.15 2.04
' O A-118-S-0 1.08 4.22 5.30 0.99

!j A-128-S-0 1.19 16.98 18.17 2.07
A-130-S-0 1.58 26.33 27.01 2.62-

A-136-5-0 0.90 18.86 19.76 1.86[- A-140-S-0 2.55 14.54 17.09 1.77,

' A-142-S-0 0.93 18.% 19.89 2.07
A-143-S-0 1.86 31.40 33.25 3.33
A-146-S-0 3.33 60.59 63.92 5.91'

A-147-S-0 0.02 2.47 2.49 0.44
A-163-5-0 1.54 33.77 35.31 3.49
A-164-S-0 1.39 22.72 24.11 2.59
A-183-S-0 1.18 24.22 25.40 1.77
A-200-S-0 1.10 21.47 22.57 2.27
A-224-S-0 0.86 21.63 11.25 2.27
A-232-S-G 0.86 4.17 5.03 0.73
A-237-S-0 4.36 133.72 138.08 15.70'

A-277-5-0 0.02 3.25 3.27 0.37
| A-280-S-0 0.51 11.37 11.88 1.38
i A-285-S-0 0.93 21.44 22.37 1.69

A-301-S-0 0.04 3.94 3.98 0.65

!-
A- 303-S-0 3.58 24.59 28.17 2.86
A- 319-S-0 0.60 11.67 12.27 1.26'

. A-329-S-0 1.37 11.49 12.86 1.34 i

|. A-344-5-0 0.45 10.91 11.36 1.18

{ A-375-S-0 1.10 21.40 22.50 2.25
[

A-381-5-0 0.94 20.07 21.01 2.22i '

A-382-S-0 3.32 39.95 43.27 3. 31

A-384-5-0 0.94 19.33 20.27 2.30'

' [. A-391-S-0 0.95 14.27 15.22 1.55
A-404-5-0 1.08 3.83 4.91 0.67
A-407-5-0 1.05 21.52 22.57 2.54.

,

! A-415-S-0 0.30 1.11 1.41 0.17 .

'' A-421-S-0 0.45 18.39 18.84 2.57 '

A-427-5-0 1.17 1.67 2.84 0.27
, ,

A-464-S-0 0.89 22.08 22.97 2.06'

Total for'

(a) 0.W. & Y.

(b) D.W. & Y and Inges tion'

fl0TE: For detailed breakdown see Appendix C. i
;'
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Table 8.0-12 d"

Soil - A Series Subsurface
]mrem /yr

Total Excosure to Lung
Total Exoosure to Bone _

Identification Total (a) Ingestion Total (b) Total (a) lSample
;

1

A-003-5-6 1.02 37.38 38.40 6.84

A-004-5-6 0.69 5.57 6.26 1.01 ,

A-012-S-6 0.06 5.'62 5.68 0.71 ,

'

A-027-5-6 0.50 3.89 4.39 0.74

A-050-5-6 0.94 19.08 20.02 2.67 ,
. '

A-062-S-6 0.47 10. 91 11.38 1.36 '

A-063-S-6 2.C3 32.70 34.73 3.57

A-078-S-6 2.53 35.13 37.66 3.00

A-117-S-6 1.21 21.03 22.24 2.62

A-118-S-6 0.86 16.06 16.92 1.91 -!

A-128-5-6 0 0 0 0

A-130-S-6 1.16 23.34 24.50 2.34 ,

A-136-5-6 1.65 35.78 37.43 4.09 ,
'

A-140-S-6 0.11 3.31 2.42 0.61

A-142-5-6 0.89 11.04 11.93 1.03

A-143-5-6 1.35 36.97 28.32 2.68

A-146-S-6 0.17 6.12 6.29 1.08

A-147-5-6 0 0 0 f)

A-163-5-6 0.45 9.73 10.18 1.14

A-164-5-6 1.51 25.64 27.15 2.81 .

A-183-5-6 0.64 11.86 12.50 1.48

A-2CO-S-6 0.09 1.38 1.47 0.25 -

A-224-5-6 0.94 19.89 20.83 2.17

A-232-S-6 1.33 25.83 27.16 2.75

A-237-5-6 0.01 1.13 1.14 0.19 -

A-264-S-6 1.48 12.54 14.02 1.42 ,

!

A-277-S-6 0.02 3.63 3.65 0.23

A-280-S-6 0.73 14.73 15.46 1.73 .'

A-285-S-6 1.13 5.00 6.13 0.83
-

-

A-301-S-6 -
-

A-303-5-6 1.59 23.62 25.21 2.68

A-319-S-6 0.76 15.87 16.63 1.82 :

A-329-5-6 0.91 17.40 18.31 1.98 '

A-344-5-6 0.42 9.98 10.40 1.29

A-375-5-6 2.18 26.16 28.34 2.97

A-381-S-6 0.48 9.59 10.07 1.21 ,

A-382-5-6 0.01 1.00 1.01 0.18
'

A-384-5-6 0.45 16.12 16.57 1.77

A-391-S-6 0.09 0.71 0.80 0.24

A-404-5-6 0.01 1.49 1.50 0.26 ,

A-407-5-6 2.27 3. 90 6.17 0.36

A-415-5-6 1.33 29.44 30 .7 7 3.48

A-421-5-6 0.42 26.68 27.10 2.43

A 427-5-6 0.22 3.44 3.66 0.63

Total for
(a) 3.W. & Y ,

(b) D.W. 5 Y
NOTE: For detailed breakdown see Aopendix C.

!
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* Table 8.0-13
. ,.

Soil Cores - A Series 2 Feetl,
- mrem /yr

,

3
Total Exposure to LunaTotal Exposure to Bone

Total (b) Total (a)Sample
Total (a) Ingestion

1 Identification
..;

A-086-5-2 0.24 5.62 5.86 1.01

A-087-5-2 0.14 7.81 7.95 1.35
"*

i ! A-088-S-2 0.50 8.92 9.42 1.20

A-102-S-2 0.95 20.54 21.49 2.05"

i A-103-5-2 0.76 9.69 10.45 1.23

I A-116-5-2 2.69 26.89 29.58 2.80

i A-133-5-2 0.08 1.25 1.33 0.22,

'-

A-134-5-2 11.56 11.72 23.28 23.77

A-148-5-2 0.06 0.98 1.04 0.18''

e

f

*
,

,

,

I-

I
I i

! .

L
'

,

I'
t,

t

!
~~

;! Total for

i' (a) 0.W. & Y.

(b) 0.W. & Y. and Inges tion'-

NOTE: For detailed breakdown see Appendix C.
j
u

!'7

[, -173-
,!

>



.

.

k 4

1

,, _,

;
'

Table 8.0-14

Soil Cores - A Series 4 Feet .]
!mrem /yr

- Total Exposure to Bone , Total Exposure to lung s

Sample
' Identifica tion Total (a) Ingestion Total (b) Total (a)
_

A-086-S-4 3.15 18.89 22.04 2.16.

A-087-5-4 0.51 3.61 4.12 0.65
A-088-5-4 0.66 16.54 17.20 1.65
A-102-5-4 1.16 23.20 24.36 2.35
A-103-5-4 0.02 2.27 2.29 0.23
A-116-5-4 0.07 1.12 1.19 0.20
A-133-S-4 0.21 3.26 3.47 0.60
A-134-5-4 1.32 - 1.15 2.47 0.22
A-148-S-4 2.69 16.03 18.72 1.65 :

,

i

l. .
:

,

5

|

Total for
(a) D.W. & Y. '

(b) D.W. & Y. and Ingestion e

NOTE: For detailed breakdown see Appendix C. !

i

-174- I
I>

e

:'l

a _. _ _



I
1. |

|

['4

| L.
Table 8.0-15 i

Soil - A Series - 6 feet
mrem /yr

Total Exposure to Bone Total Exposure to lung

Sample
~; Identification Total (a) Inges tion Total (b) Total (a)
. .:

A-086-S-6 0.01 4.32 4.33 0.16
A-087-5-6 0.61 11.80 12.41 1.30-

A-088-S-6 0 0 0 0.

A-102-5-6 0 0 0 0
"

A-103-5-6 0.36 7.08 7.44 0.77
I, A-116-S-6 0.83 1.67 2.50 0.13L A-133-S-6 0.15 2.24 2.39 0.40

A-134-S-6 0.16 3.57 3.73 0.90
~

A-148-S-6 0.15 2.24 2.39 0.41
.

I

i.
'

1

I
i

I

!.
I

!
!

L. .

F

L
Total for

I (a) D.W. & Y.
'''~

(b) D.W. & Y, and Ingestion

NOTE: For detailed breakdown see Appendix C.
-

!,
t'
!!
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Table 8.0-16
.

.

Soil - 8 Series - Surface q
mrem /yr j

Total Exposure to Bone Total Exoosure to Lung

Sample ..

'!
Iden tifica tion Total (a) Ingestion Total (b) Total (a)

~1

B-001-S-0 1.17 18.96 20.13 2.65 i
8-002-S-0 0.33 9.62 9.95 1.748-003-5-0 1.94 41.14 43.08 4.50 78-004-S-0 3.01 53.12 56.13 5.47 'i8-005-S-0 1.16 25.38 26.54 3.62

'

B-006-5-0 0.12 8.49 8.61 1.28 -,

8-007-S-0 2.84 65.59 68.43 2.44 j: 8-008-5-0 0.40 10.95 11.35 1.45
B-00 9-S-0 0.55 8.47 9.02 1.32
B-010-S-0 2.89. 54.17 57.06 6.73 l

i

B-Oll-S-0 3.76 72.02 75.78 7.44 I
8-012-S-0 2.64 55.69 58.33 5.76j 8-013-S-0 1.33 18.08 1 9.41 1.68 iB-015-S-0 2.66 46.51 49.17 4.41 j
8-016-S-0 2.99 73.64 76.63 9.46
8-017-S-0 3.58 102.49 106.07 9.48
8-018-S-0 4.41 78.05 82.46 9.63

_.

8-019-S-0 2.26 52.28 54.54 5.89 2
8-020-S-0 17.87 356.33 374.20 31.81
B-020- A-S-0 3.14 78.74 81.88 8.94.

'

8-020-8-S-0 6.68 140.31 146.99 14.28
8-021-S-0 15.93 327.47 343.40 31.81
8-022-S-0 12.01 282.52 294.53 31.35
8-023-S-0 2.48 54.78 57.26 5.74
B-024-S-0 1139.70 23739.07 24878.77 2120.45
B-025-S-0 50.34 1106.95 1157.29 111.15
B-026-5-0 9.89 182.78 192.67- 18.18
B-027-5-0 202.57 4172.26 4374.83 385.89 -- {

,

B-028-S-0 786.44 16600.19 17386.63 151,0.72
B-029-S-0 2.14 45.05 47.19 6.12
3-030-S-0 147.66 3379.09 3526.75 313.32
B-031-S-0 198.58 4305.93 4504.51 422.42
B-032-5-0 1.52 55.21 56.73 9.21
8-033-S-0 62.55 1547.10 1609.65 174.50
3-0 34-S-0 104.38 1092.69 1197.07 145.10 '

8-035-S-0 240.16 5082.50 5322.66 J67.70
B-0 36-S-0 298.61 6849.16 7147.77 727.29
B-0 37-5-0 308.56 6586.97 6895.53 638.60
B-038-S-0 192.08 3851.98 4044.06 352.87

-

i B-039-S-0 6.73 166.82 173.55 20.41
| B-040-S-0 9.70 182.20 191.90 17.99

8-041-S-0 0.19 3.78 3.97 0.67 '

Total for
{(a) D.W. & Y. '

(b) 0.W. & Y. and ;.iges tion

NOTE: For detailed breakdown see Appendix C.
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[~ Table 8.0-16 (Cont'd. )
-

' Soil - B Series - Surface
r; mrem /yr
;>

Total Exoosure to Bone Total Exoosure to lung'
>

[]'
Sample
Identification Total (a) Ingestion Total (b) Total (a)

t

B-042-S-0 0.66 13.50 14.20 2.06m
B-043-5-0 18.64 363.04 381.68 57.37

[J B-044-S-0 19.24 243.51 262.75 31.31
B-045-S-0 42.79 576.43 619.22 56.34
B-046-5-0 6.22 120.16 126.38 11.42

{.:
>

u: B-047-S-0 9.83 99.46 109.29 10.93
B-048-S-0 0.97 12.59 13.56 1.89

- B-049-S-0 0.20 5.52 5.72 0.92
6.86 7.08 1.19~

B-050-S-0
0[221 71 24.48 26.19 4.24- B-051-S-0

B-052-5-0 0.53 7.87 8.40 1.22
'

B-053-S-0 0.54 6.00 6.54 1.03
B-054-S-0 4.74 79.47 84.21 6.78
B-055-5-0 16.50 392.89 409.39 45.91
B-056-S-0 2.23 30.05 32.28 3.45
B-057-S-0 2.22 39.59 41.81 3.89
B-058-S-0 2.26 43.08 45.35 5.42
B-059-S-0 6.38 147.86 154.24 16.05

( B-060-S-0 0.11 1.86 1.97 0.32
6- B-061-S-0 3.59 59.81 63.40 8.57

B-062-5-0 1.17 26.75 27.92 3.39
f B-063-5-0 28.42 176.39 204.81 27.83
I B-064-S-0 1 . 90 35.58 37.48 4.42 -

.

B-065-S-0 2.13 48.69 50.82 7.72
B-066-5-0 1.24 33.49 34.73 4.98
B-067-5-0 7.48 170.84 178.32 22.41
B-068.5-0 66.07 1461.22 1527.29 146.54
B-069-5-0 0.38 18.19 18.57 3.26
B-070-S-0 0.33 4.15 4.48 0.55
B-071 -5-0 0.78 5.43 6.21 0.47
B-072-5-0 5.45 177.88 183.33 30.09
B-073-S-0 2.39 58.39 60.78 6.81i

| 7 B-074-5-0 1.93 52.64 54.57 9.82
t' B-075-S-0 7.18 183.06 190.24 21.75

i

| B-076-S-0 1 8.41 422.33 440.74 50.81
8-077-5-0 1.75 32.02 33.77 4.25'

-- B-078-S-0 3.09 58.78 61.87 7.23
B-079-S-0 1.00 26.36 27.36 3.48
B-080-S-0 2.05 45.96 48.01 5.80
B-081-S-0 2.57 86.97 89.54 14.93
B-082-S-0 5.10 178.53 183.63 30.32"

B-083-5-0 7.13 154.81 161.94 15.49.,
,

| i
~

Total for

[" (a) D.W. & Y.
I'

(b) 0.W. & Y. and Inges tion

NOTE: For detailed breakdown see Appendix C.
-

,
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Table 8.0-16 (Cont'd. ) E
i

"Soil - 8 Snries - Surface
mrem /yr q

l-
Total Exoosure to Bone Total Exoosure to Luna

Sample ~l
Identification Total (a) Ingestion Total (b) Total (a) J

B-084-5-0 3.24 83.23 86.47 9.79
. '

.,

B-085-S-0 13.68 357.06 370.74 44.03
B-086-5-0 8.04 210.33 218.37 26.11 '

B-087-S-0 6.07 149.89 155.96 18.15
B-088-S-0 1.72 37.09 38.81 4.11 l
B-089-5-0 1.83 37.48 39.31 1.92 .i
B-090-S-0 0.37 9.27 9.64 1.02
B-091 -S-0 1.58 32.04 33.62 3.17 a
B-092-S-0 2.59 33.91 36.50 3.71 ;j
B-093-5-0 2.17 90. 95 93.12 13.97 -

B-094-S-0 1.39 26.22 27.61 3.92 . . _

B-095-S-0 0.27 12.51 12.78 2.27
B-096-S-0 0.23 8.62 8.85 1.60 --

B-097-S-0 1.32 28.56 29.88 2.79
B-098-S-0 1.51 38.02 39.53 5.10 "1

B-099-S-0 0.47 16.97 17.44 3.24 gj
B-lCO-S-0 2.87 150.19 153.06 28.42
B-101-S-0 1.58 41.16 42.74 5.59

=lB-102-S-0 2.46 51.49 53.95 5.15
dB-103-S-0 3.27 77.62 80.89 9.84

B-104-S-0 0.30 6.92 7.22 1.22
'

B-105-5-0 3.57 63.89 67.46 5.50
B-106-5-0 0.88 26.28 27.16 4.04
B-107-5-0 1.07 36.22 37.29 6.54
B-108-S-0 2.22 30.27 32.49 3.18 ,

B-109-S-0 1.09 24.45 25.54 2.91 -I
B-110-S-0 0.35 7.15 7.50 1.31 |

"#

B-111-5-0 1.29 37.78 39.07 5.02 .'
B-112-S-0 0.36 12.89 15.60 2.35 i

B-113-S-0 0.24 5.17 5.41 0.93 ;

B-114-5-0 0.15 2.95 3.10 0.54
B-115-S-0 1.20 19.34 20.54 2.27 i

'

B-116-5-0 1.19 16.29 17.48 3.01
'

3-117-S-0 2.82 44.71 47.53 4.49
B-118-S-0 1.12 64.41 65.53 12.24
B-119-S-0 2.23 78.81 81.04 14.45 ;

B-120-S-0 1.84 73.01 74.85 13.18 -

B-121-S-0 13.09 313.47 326.56 37.87
,

nd

1

^

Total for
(a) D.W. & Y. :

I(b) 0.W. & Y. and Ingestion
- i

NOTE: For detailed breakdown see Appendix C.
. .
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Table 8.0-17

i Soil Cores - B Series - 4 feet
mrem /yr

f Total Exoosure to Bone Total Exoosure to Lung

Total (b) tal (a)Samplee

Total (a) Ingestion to
[~' Identification

'

B-058-S-4 1.36 5.10 6.46 1.13

'- B-060-S-4 1.66 12.30 13.96 1.85

2 B-062-5-4 1.03 2.14 3.17 0.38'

-, 8-067-5-4 0.10 2.68 2.78 0.46'

8-069-S-4 0.49 3.80 4.28 0.68
.

B-061-S-4 1.48 15.20 16.68 1.92
.,

B-083-S-4 0.54 7.45 7.99 0.77
.

0.07 1.07 1.14 0.19B-084-S-4
f

{

t

r i

!

!

!

l i
|

i
!

Total for-

(a) D.W. & Y.

(b) 0.W. & Y. and Inges tion

NOTE: For detailed breakdown see Appendix C.
'

.
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Table 8.0-18 j

,

Soil Core - B Series - 6 feet jmrem /yr

Total Exposure to Bone _ Total Exposure to Lung
;

Total (b) Total (a)
-,

Sample
Total (a) IngestionIdentification

B-058-S-6' O.84 17.93 18.77 2.16

8-060-S-6' O.15 2.40 2.55 0.43 _
,

.

B-062-S-6' 0 0 0 0
~

B-067-S-6' * 2.92 33.99 36.91 3.61
.-

B-069-5-6' * 0.64 13.82 1 4. 46 1.68
~'

B-071-5-6' 3.41 16.62 20.02 2.32

B-083-5-6- 0.31 5.16 5.47 0.65 1
|
'

B-084-S-6' O.15 2.28 2.43 0.42 .

!
1 ,

4 .

4

'l

l.a

:

j

i
...

J

*These samples were apparently mislabeled (by UNC) . A assumption
--

was ma'de that one was 67 and the other 69. 1
j

Total for
(a) 0.W. & Y.

I

(b) 0.W. & Y. and Inges-tion
I

,

.

NOTE: For detailed breakdown see Appendix C.
1
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Table 8.0-19"'

[l Soil - B Series Subsurface^

' mrem /yr<

i
Total Exposure to Bone Total Excosure to Lung

L

Total (b) Total (a)Sample
Total (a) Ingestionj ;- Identifica tion

L
B-001-S-6 2.39 34.74 37.13 4.13

g B-002-5-6 0.58 8.64 9.22 1.67

L B-003-5-6 1.01 35.98 36.99 5.27

B-004-S-6 0.15 2.86 3.01 0.19
'

B-005-S-6 0.03 2.79 2.82 0.51

B-006-5-6 1.83 21.29 23.12 22.81-

- B-007-5-6 0.32 8.07 8.39 1.22

B-008-S-6 0.14 6.95 7.09 1.29

[, B-009-5-6 0.23 6.55 6.78 1.16

L B-010-S-6 1.01 22.76 23.77 2.64

B-011-S-6 1.16 6.78 7.94 1.30

J- B-012-S-6 0.20 6.83 7.03 1.26

]. B-013-S-6 6.08 127.14 133.22 11.25

B-015-5-6 1.20 15.83 17.03 1.89

B-016-5-6 1.84 41.48 43.32 4.96

i B-017-5-6 0.34 10.51 10.85 1.95.-

B-018-S-6 0.89 19.01 19.90 2.65'-

B-019-S-6 1.04 25.25 26.29 3.11

B-020-S-6 4.25 78.76 83.01 7.33,

i
B-020-A-S-6 1.05 9.89 10.94 1.86

:

B-020-8-S-6 0.61 7.57 8.18 1.46

B-021-S-6 3.31 73.27 76.58 8.63

8-022-5-6 1.66 22.87 24.53 2.95

B-023-S-6 0.25 3.01 3.26 0.61

B-024-5-6 83.73 888.94 972.67 201.19

! B-025-5-6 2.47 47.91 50.38 4.87i

B-026-5-6 0.22 4.51 4.73 0.88'

B-027-5-6 28.12 583.06 611.18 57.12
B-028-S-6 609.59 16858.07 17467.66 2215.87

B-029-5-6 3.36 63.34 66.70 7.83

B-030-S-6 8.54 192.87 201.41 19.9

| B-031-S-6 18.85 376.08 394.93 40.11

| :_ B-032-S-6 1.26 21.70 22.96 2.85

B-033-S-6 6.84 162.07 168.91 17.94

i B-034-S-6 2.88 40.42 43.30 5.59

! B-035-5-6 125.53 2791.83 2917.36 279.63<

'

", B-036-5-6 15.40 328.64 344.04 33.67'

B-037-5-6 4.69 99.10 103.79 10.45

[. B-038-5-6 3.36 74.80 78.16 8.56
L -' B-039-5-6 1.23 18.41 19.64 2.24

B-040-5-6 1.90 23.70 25.60 2.07

B-041-5-6 0.13 1.15 1.28 0.30

Total for'

.-

(a) 0.W. & Y.
.' (b) 0.W. & Y.

NOTE: For detailed breakdown see Aopendix C.

i
'
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] Table 8.0-19 (Cont 'd. ) -

Soil - B Series Subsurface j*

mrem /yr j

Total Exposure to Bone rotal Exposure to Luna,

Total (b) T' tal (a)d nt fication Total (a) Ingestion o

2

B-042-5-6 0.44 3.77 4.21 0.65 Lj
B-043-S-6 0.82 4.14 4.96 0.74

~

B-044-S-6 1.93 26.38 28.31 2.92 3

B-045-5-6 9.80 103.93 113.73 10.21 1
7

B-046-5-6 1.66 23.24 24.90 3.27
6-047-5-6 1.85 20.64 22.49 2.62
B-048-S-6 0.79 5.75 6.54 1.09 ]'
B-049-S-6 0.28 6.75 7.03 1.22 a

B-050-S-6 8.92 146.78 155.70 15.55
B-051-S-6 1.36 1.36 0.01 m- '
B-052-S-6 0.77 14.34 15.11 1.43 "
B-053-5-6 0.22 4.98 5.20 0.69
B-054-S-6 0.19 3.15 3.34 0.56 -,

B-055-5-6 0.58 6.35 6.93 1.24
B-056-5-6 0.31 2.85 3.16 0.59 '

B-057-5-6 0.59 0.49 1.08 0.19
'

B-058-S-6 0.43 10.97 11.40 1.74
8-059-S-6 3.13 58.07 61.20 7.08 ,

3-060-S-6 0.26 10.15 10.41 1.85
B-061-5-6 0.12 0.12 -

-

S-052-S-6 0.61 19.99 20.60 2.92
B-063-5-6 4.69 97.93 102.62 9.33
B-064-S-6 10.24 217.19 227.43 20.75

B-065-5-6 0.22 0.20 0.42 0.03 ,

B-066-5-6 0.46 7.86 8.32 1.39 !
'

B-067-S-6 2.94 85.13 88.07 12.35
B-068-5-6 0.83 8.70 9.53 1.55 ,

B-069-S-6 2.94 2.47 5.41 1.28
3-070-S-6 0.25 5.36 5.61 0.46
8-071-S-6 0.73 22.64 23.37. 2.99
B-072-5-6 1.53 28.55 30.08 4.17
B-073-5-6 1.84 57.60 59.44 8.51
B-074-5-6 0.26 0.24 0.50 0.04
B-075-5-6 4.66 95.97 100.63 11.21 ,

B-076-5-6 3.99 80.50 84.49 7.08 -

B-077-5-6 0.68 18.09 18.77 2.65
B-078-5-6 0.27 10.91 11.18 1.95
B-079-S-6 2.56 39.08 41.64 3.89
B-080-5-6 0.79 7.20 7.99 1.48
B-081-S-6 0.66 16.89 17.55 3.11'

B-082-5-6 0.83 35.35 36.18 7.15
..

70tal for
(a) D.W. & Y. ,

(b) 0.W. & Y, and Inges tion
.

NOTE: For detailed breakdown se e Appendix C.
,
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! Table 8.0-19 (Cont 'd. )
Soil - 8 Series Subsurfacep

mrem /yr

I' Total Exoosure to Bone Total Exoosure to Lung
(

Total (b) Total (a)Sample -

Total (a) IngestionIdentificationr-
t,.

I- B-083-5-6 5.78 105.33 111.11 9.90
B-084-S~-6 2.66 61.93 64.59 7.59

F B-085-S-6 8.36 172.58 180.94 17.54

L B-086-5-6 1.25 36.57 37,82 5.40
B-087-S-6 1.58 43.44 45.02 7.80
B-086-S-6 0.55 15.08 15.66 2.28-

B-089-5-6 1.56 32.07 33.63 3.46
[". B-090-S-6 1.25 16.82 18.07 2.57

B-091-S-6 0.59 15.80 16.39 2.43
B-092-S-6 1.57 31.13 32.64 3.27
B-093-S-6 1.20 46.64 47.84 7.89-

B-094-5-6 1.61 18.80 20.41 2.33
''

B-095-5-6 0.08 1.94 2.02 0.36
B-096-S-6 0.15 2.28 2.43 0.42
B-097-5-6 1.08 21.68 22.76 2.41
B-098-5-6 0.47 8.70 9.17 1.59
B-099-S-6 2.52 37.77 40.29 5.13
B-100-S-6 1.46 50.62 52.08 8.01
B-101-5-6 0.79 12.53 13.32 2.08

[ B-102-5-6 0.15 .4.96 c.11 0.87
B-103-5-6 0.60 22.22 22.82 3.44

i

B-104-S-6 0.01 1.62 1.63 0.27

j B-105-S-6 1.32 32.62 33.94 4.30
B-106-5-6 0.27 13.55 13.82 1.85

.

B-107-S-6 0.71 35.34 36.05 6.28
B-108-5-6 1.31 26.18 27.49 3.04

,

: B-109-S-6 1.06 24.03 25.09 3.42
I- B-110-S-6 1.11 22.64 23.75 2.61

B-115-5-6 0.72 23.52 24.24 3.46
B-112-5-6 2.88 45.78 48.66 4.62
B-113-5-6 1.45 43.45 44.90 6.12
B-114-S-6 1.64 13.93 15.57 2.01

; B-115-5-6 0.37 14.35 14.72 2.56
B-116-S-6 0.53 4.04 4.57 0.80

[ B-117-S-6 1.47 23.57 25.04 2.73
B-118-S-6 2.66 86.39 89.05 15.88

| B-119-5-6 2.52 84.24 86.76 14.27,

' B-120-S-6 9.18 232.04 241.22 27.47
B-121-S-6 2.37 58.04 60.41 8.85

i
b

Total for

(a) 0.W. & Y.

(b) D.W. & Y. and Ingestion

NOTE: For detailed breakdown see Appendix C.
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| Table 8.0-20 ~

j Macadam --

mrem /yr;-

,

1 Total Exoosure to Bone Total Excosure to Lung j

i al
Sample

Total (b) Total ("}
' }i Identification Total (a) Ingestion
.>

_

:4
1D-061-0 0 0 0 0

0-073-0 0.01 0.68 0.69 0 12
D-075-0 0 0.23 0.23 0.'04

'

;
D-083-0 0 0.17 0.17 0.03 a-

0-087-0 0 0 0 0
D-091-0 0 0 0 0 .'',

,. . .

'
.

!

-

71

.!

.

,

.L.} .
, .,

1

1

.J

,

.

i

.!

I
'd-

Total for
(a) 0.W. & Y. ,

I(b) D.W. & Y, and Inges tion
_

NOTE: For detailed breakdown see Appendix C.
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i Table 8.0-21

Soil Cores under Macadam - 0 Series 1 Footr

I mrem /yr

Total Exposure to Bone Total Exoosure to Lung

Total (b) Total (a)Sample
Total (a) IngestionIdentification

D-061-S-1 0.09 4.45 4.54 0.25

D-073-5-1 3.09 11.39 14.48 1.56~

D-075-S-1 2.07 44. 35 46.42 4.42

{ D-038-S-1 0.01 2.24 2.25 0.19

D-087-5-1 0.70 5.42 6.12 0.98

D-091-5-1 4.00 36.74 40.74 3.68

l

!

i
.

,

|
t

t

i

I

i'

i
f

i
s

I !

|! Total for

(a) D.W. & Y.

(b) D.W. & Y. and Inges tion ,

fl0TE: For detailed breakdown see Appendix C.
i
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Table 8.0-22

Soil cores under Macadam - 2 Feet
,

.,

mrem /yr t}
,

Total Exposure to Bone Total Exoosure to lung
.}
r

Sample I') Total (b) Total (a)
-

Identification To tal Ingestion
q

D-061-S-2' 4.08 19.70 23.78 2.36 d!

D-073-5-2' O.87 17.71 18.58 1.79
D-075-5-2' O.36 6.86 7.22 0.84 1

0-083-S-2' 2.01 4.22 6.23 0.76 d
''

D-087-5-2' O.61 11.54 12.15 1.34
D-091-S-2' O.10 2.40 2.50 0.41 y

,q.
ta

P

...

!
m

.y

!
.,

;

.

:

.

Total for >

(a) D 4. & Y.

(b) D.W. & Y. and Inges tion |
.

NOTE: For detailed breakdown see Appendix C.
..

1
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APPENDIX A

i

Sample Preparation, Analytical Procedures
Quality Assurance Practices and Statistical
Parameters,

t
*

1

h

i

!

i

,

t

!

!

- __ -.



-,

U

v
i

. ANALYTICAL METHODS
'

f' The procedures used for this contract are routinely utilized by CEP in the
analysis of environmental samoles.

:
L CEP's procedures have been thorougnly tested and proven on hundreds of samples

for several other customers. In many cases, increased sensitivity can be ob-r
I tained by modification of the analytical procedures. CEP's analytical proce-
,

dures are the same as, equal to, or better than those currently used by the U.S.
I Public' Health Service, Nuclear Regulatory Commission or Environmental Protection

Agency.
_

L
*

SCOPE

[ The analytical procedures described are those used by CEP's laboratories in the
' analysis of the environmental samples from UNC.

:

SOIL METHODS

CEP used the following analytical method for analyzing Thorium-228, 23C, 232, in
soil: Two alicuots of the specimen were taken and Thorium-232 eocernal tracer

added to one of the aliquots. Total dissolution of tne soil was parformed using
,

| hydrofluoric-nitric acid mixture. The residue was dissolved in dilute hydro-
chloric acid. The samples were purified with an ion exchange resin column. The

'ihorium was electroplated and the disc was counted on a solid state alpha saec-
,

trameter and the chemical recovery was determined from the tracer Deak.
,

i
l ISOTOPIC URANIUM (U-234, U-235, U-238) METHOD

.

CEP used the following analytical method for analyzing Uranium-234, 235, 238, in |-'j

soil: A suitable aliquot was soiked with Uranium-232 tracer. Total dissolution ;

| of tne soil was performed, nitrated and evaporated to dryness. The residue was
''

dissolved in concentrated nitric acid and again taken to dryness and redissolved

|in dilute i'id. The sample was purified with an ion exchange resin column. The

| Uranium was electroplated and the disc counted on a solid state alpha spectrometer |
.

l and the chemical recovery was determired from the Uranium-232 tracer peak. :

STATISTICAL DATA
!
*

.

The lower limit of detection was 0.05 pCi/gm (dry). The method recovery was at :

least 30:10 percent at the 95 percent confidence level. I

|-
A-1 i
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d
ALPHA SPECTROMETRY SYSTEMS USED FOR COUNTING THORIUM-232. 230, 228 and

URANIUM-234. 235, 238

The alpha spectrometer consisted of eight (8) silicon surface barrier detectors
contained in a vacuum chamber and is connected to a Northern Scientific multi- l

~1channel pulse height analyzer; also, an eight (8) input silicon surface barrier
detector was connected to a second Northern Scientific system as described above. 3

:.1

CESIUM-137 and RADIUM-225 METHOD ,

CEP analyzed soil samples for Cesium-137 and Radium-226 using the following
method:

]_
The dried and pulverized sample was placed in a Marinelli beaker and J
counted on a 16.1 percent efficiency Ge(Li) detector having a 3.06 Kev
resolution, which is coupled to a 2048 computer based, multichannel
analyzer (Northern Scientific). The resulting spectrum was fed into
a ccmputer and specific nuclides, if present, were identified and 3

quantized in terms of energy and net count rate with the aid of the
computer. This method was approved by EPA to determine Radium-226 i

and Cesium-137 in soil

.

STATISTICAL DATA *j

The follcwing are the detection limits based on 100 gm sample and 546 minutes .,

counting time: !,
o

Detection I

Limits :

Nuclides oCi/cm j
Cesium-137 0.08

Radium-225 0.05 ;
I

I
I

GROSS ALPHA AND BETA RADI0 ACTIVITY METHOD
i'

CEP analyzed soil samples for Gross Alpha and Beta radioactivity using the fol- j

lowing method: |

{ A suitable aliquot of the samples was dried at 110*C for twenty-four (24)
b

I hours, ashed in a muffle furnace, dissolved in acid, and transferred to a

tared planchet. The Gross Alpha and Gross Beta radioactivities were de- [
termined using a low background gas proporticnal counted (Seckman Wice Beta ;
|I). The Gross Aloha and Gross Beta activities were corrected for self. .-

A-2
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absorption. The icwer limit of detection was 0.3 pCi/gm, Gross Alpha was'

0.1 pCi/gm, Gross Seta.-

t

The following counting system was used to count the soil samples for Gross Alpha

[, and Beta activity:
,

[5 BECKMAN WIDE BETA II LOW BACKGROUND GAS PROPORTIONAL SYSTEM

The Beckman Wide Beta II two (2) inch detector counting system has an average of
2.5 com Beta background and 0.1 cpm Alpha background. The system capacity is 100
samples. The detector has an efficiency of 60% for Strontium-90 and 40% for Plu-

tonium-239.

BECKMAN LOW BETA II LOW BACKGROUND BETA SYSTEM (CEP HAS THREE SYSTEMS)p
' The Beckman Low Beta II Gas Proportional two (2) inch detector counting system has

j an average of 3.0 cpm Beta background and 0.2 cpm Alpha background and detector
! efficiency of 60% for Strontium-90 and 40% for Plutonium-239. The system capacity

is 100 samples.

BECKMAN WIDE BETA II LOW BACKGROUND GAS PROPORTIONAL SYSTEM

The Beckman Wide Beta II two (2) inch planchet counting system has an average of

2.5 com Beta background and 0.1 Alpha background. The detector has a 60% of 2.5

.

cpm Beta background and 0.1 Alpha background. The detector has a 60% efficiency
for Strontium-90 and 40% for Plutonium-239. This system has been designed for |

i simultaneous Alpha and Beta counting. The system capacity is 100 samples. {,

' I

STRONTIUM-90 METHOD;

The samole was dried in an oven, pulverized and an aliouot transferred to a plas- ,

tic beaker. Internal tracer was added and the sample dissolved. Ammonium Oxalata I

L
was added to the solution and heated to dissolution on a hotplate. The oxalate
was filtered through a filter paper'and ashed in a muffle furnace. The residue '

f- was dissolved in concentrated HNO3 and transferred to a beaker and ashed with H2 2 I
0

and concentrate HNO3 until white and dissolved in 0.08 N hcl. The sample was our-
ified and stripped of Y-90 with an extraction of 20% 02EHPA. The Yttrium-90 was
allowed to build-up for two weeks. After two weeks the Y-90 was stripoed frcm the !

-i
sample with 5% D2EHPA, and precipated as the oxalate and counted in a low back- i

.
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ground beta counter. The recovery of this method was determined utilizing the
"

Strontium-85 internal tracer. q
ci

STATISTICAL DATA ,

The 1cwer limit of detection was 0.03 pCi/gm (dry). The method recovery was '-

90 10 percent at the 95 percent confidence level.

CONCRETE CORES METHODS
.~1

GROSS ALPHA AND BETA METHOOS J,

CEP analyzed concrete cores for Gross Alpha and Beta employing the same -

method for soil stated above. The statistics were the same as stated 1
in the soil section.

,
1
"

URANIUM-235 METHOD

CEP analyzed concrete cores for Uranium-235 employing the isotopic Uranium

method in soil stated above. The statistics was the same as stated in the

]ssoil section.

TOTAL URANIUM METHOD -

CEP analyzed concrete cores for total uranium after total dissolution by
the flucremetric method cescribed in HASL Manual.

>

.;
'STATISTICAL DATA

,

The lower limits of cetection was 0.05 ugU/gm (dry). . |
!-

!i
PAINT CHIPS AND ROOFING CORES METHODS j

GROSS "LPHA AND BETA METHODS
,

CEP analyzed paint chips and roofing cores for Gross Alpha and Beta employ- ],
ing the same methods in soil section stated above. The statistics was the j

same as stated in the soil section. I
J

;t

-|

.
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OETAILED DESCRIPTION

OF
f

QUALITY ASSURANCE PRACTICES

'_

i

PREPARED BY

CONTROLS FOR ENVIRONMENTAL POLLUTION, INC.'

P.O. BOX 5351

SANTA FE, NEW MEXICO E7502
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INTRODUCTION

{' CEP's analytical laboratories role is to provide our client. le with precise
L' and accurate data from which decisions can be made. CEP's quality assurance

r program has been designed to (1) ensure the accuracy and precision of data
I produced by the laboratory and, (2) maintain the quality of the laboratory

. data continuously,

t

FUNCTIONS OF QUALITY ASSURANCE DEPARTMENT

CEP's quality assurance department is a separate entity from the operating
(laboratories) division reporting directly to the president. The quality

I. . assurance program implemented by CEP includes quality control as staed in
i,

regulatory guide 4.15 " quality assurance comprises all those planned ad

{' systematic action that are necessary to provide adequate confidence in the
L' results of a monitoring program, and cuality control comprises those cuality

[ assurance actions that provide a means to control and measure the character-
I istics of measurement equipment and processes to established requirements;

therefore, quality assurance includes quality control."

The quality assurance plan (CEP-QA-1 attached) provides the policy for

{
quality assurance program for CEP's analytical laboratories. Specific pro-
cedures have been written to be followed for certain activities. A copy of QA

i policies and procedures list is attached for your reference.
t

,r The department supervisors, quality assurance director and quality control
officer work together in order to insure the reliability of the analytical
results reported. In both design and implementation of the quality assurance

,

I program, these individuals maintain lines of comunication in order to fully
,

evaluate the accuracy and precision of the results.

.

As results are completed, information such as the name of the analyst who
performed the work, his calculation for the samples, and all pertinent data

'

that would allow supervisor and manager to review the date are noted on the'~

r result sheets. After all analyses are comoleted, the results are sent to the
department manager for review and transferred to the final report form.

1

I-,
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l
The responsibilities and authority of the quality assurance department a

are discussed in CEP-QA-1, page 2 of 11, section 2.0 (attached). In addition, ---

Jthe department is also responsible for the following-
1. Develops and carries out quality control programs, including statistical

1
procedures and techniques, which will help laboratories to meet author- .j
ized quality standards at minimum cost; and advises and assists man-
agement in the installation, staffing and supervision of such programs.

-]J
2. Monitors quality control activities of the laboratory to determine

"

conformance with authorized policy and procedures and with sound practice;
*

and makes appropriate recommendations for correction and improvement as

may be necessary.

3. Seeks out and evaluates new ideas and current developments in the field
~

of quality control and recommends means for their application wherever ~j
"advisable.

4. Advises management in reviewing technology, methods and equipment, with ]
"irespect to quality aspects.

5. Advises the Purchasing Section regarding cuality of purchased matarials,
reagents and chemicals.

5. Recomends packaging materials and procedures.

7. Performs related duties as assigned.
i .
- a

PERSONNEL OUALIFICATIONS

The degree of skills and training necessary for laboratory perscnnel is de- ]
pendent upon their job responsibilities. All laboratory personnel, however,
are required to be thoroughly acquainted with basic laboratory operations. ]
He/she must learn (1) how the simple processing system of the laboratory works;
(2) how each type of sample is to be treated when it arrives in the laboratory; ;

I(3) how to use routine equipment; and (4) how to clean the glasmare properly. J

The analyst, regardless of degree or experience, undergoes a thorough gradual
on-the-job training program. This is by observing an experienced analyst at
work and studying the analytical procedure thoroughly. In addition, this in-

!
cludes a discussion of CEP's Q.A. program. Job descriptions for each position . ;

'

are maintained by the personnel department.

A-7 -
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j' OPERATING PROCEDURES AND INSTRUCTION

F The policy in developing or implementing procedures for a monitoring program'

1
are discussed in the quality assurance plan. The procedures for specific
activities are listed in the "Q.A. Manual Checklist", attached.<,

The methods employed for analyses are those which measure the desired constit-
y

! uent with precision and accuracy and meet the data needs in the presence of
the interferences normally encountered. The routine analysis of spiked samples
is the measurement of quality while the use of analytical grade reagents is a,

controls of measure. The quality control program has two primary functions.

;f First, the program monitors the reliability of the results reported. The

second function is the control of quality in order to meet the monitoring
program requirements.

RECORDS
,

Upon arrival at the laboratory, each sample is assigned a prefixed color-coded
number. This code number is placed on all apparatus used for that sample

y
! during chemical and radiometric determinations. This code number is recorded

in the lacoratory receiving report which is filled out at the time that the
s

samples are received. The laboratory receiving report consists of five pages
which are distributed to various departments within the company. This number~

[
is used for retrieving the raw data on any sample after analysis has been

'- completed. ,

I.

'

J All records of analyses are ' dept in storage as required. This includes all .

I
raw data, calculations, quality control data and reports. |

i
t

REFERENCE STANDARDS AND INSTRUMENT PERFORMANCE CHECKS ,

,

All radioactive sources and solutions used for calibration are calibrated
against National Bureau of Standards' standards where possible. ;

;
All reagents, including carriers and tracer radicnuclides, which are critical
to the procedures in question, are standardized and checked pericdically by
the Quality Assurance Officer. When possible, the reagents are standardized
usin'g two different chemical procedures, e.g., Strontiun carrier-gravimetri- i

cally and atomic absorptipn.
!

A-8 !' '
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All personnel within the laboratory are required to run spiked samples to
prove their proficiency in determining accurately the content of the spiked

,

sample in question. Furthermore, to eliminate the possibility of preferen- 'j
tial treatment of a spiked sar.ple by an analyst, spiked samples are slipped
into routinely analyzed samples without the kncwledge of the analyst. Also,

.

every set of samples has a spike and a blank run concurrently with it.
I

All instrumentation is maintained on a preventative maintenance program by
the manufacturer. Each instrument is checked with a standardized source q
weekly. If the source check detects any anomaly from the routine performance J

cf the instrument, no analysis is allowed to be performed by that instrument
3
'

until it is functioning properly.

Calibration procedures for measuring and testing equipment have been prepared. ,

In addition, procedures for the preparation and use of quality control charts
have been written. (see "Q.A. Manual Checklist" list). !

.

INTER- AND INTRA-LABORATORY ANALYSES

The quality assurance plan (CEP-QA-1) defines the policy in these aspects of
the quality assurance program. In addition, the procedure to carry cut these ,

!activities have been prepared and implemented. The specific procedures are J

'

CEP-QA-17, CEP-QA-27, CEP-QA-28, and CEP-QA-29, which include the analysis of
;

reagent blanks, duplicates, internal lab spikes and blind spikes, as well as
cross-check samples from U.S. EPA.

4

CERTIFICATION
,

CEP has received certification for the analysis of potable water samples under
J

the Clean Water Act.

AUDITS

'
CEP's personnel has taken courses offered by EPA and/or have been trained by

'

personnel who have received NRC certification from auditing other client's
Ifacilities to perform internal audits, surveillance and inspections as described

in the quality assurance plan.
.

I

'
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'

QUALITY CONTROL PROGRAM'

: ,
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'
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+ ..

A', CONTROLS FOR ENVIRONMENTAL POLLUTION, INC.

CUALITY CONTROL PROGRAM,

!
'

QUALITY ASSURANCE PLAN
'

l ENVIRONMENTAL CHEMISTRY, NUCLEAR MEASUREMENTS, RADI08I0 ASSAY, L

a.

AND WATER CHEMISTRY

[ fl
i2

1.0 PLAN DESCRIPTION
~.

1.1 Purpose

The purposes of this Quality Assurance Plan are: (a) to
define the nature and extent of Quality Assurance for Environ- '

mental Chemistry,(Nuclear Measurements, Radiobioassay and
"

Water Chemistry; b) to set forth the requirements for prepa-"

ration of Q.A. and Q.C. procedures; and (c) to provide a'

..
general description of the methods to be used in carrying out
the Quality Assurance Surveillance and audit functions.

.

1.2 Scope
..

This Quality Assurance Plan is intended primarily to cover
radiochemistry and other chemistry activities associated with,, -

! providing Controls for Environmental Pollution's clients a
quali ty service.

; 1.3 Objectives
i

The overall objective of this Q.A. Plan is to (a) verify.

that work procedures and practices are adequate to assure that
all clients are kept within the limits regulated by the State-

and federal agencies; (b) to coordinate an in-house Quality
{

Control program independent of external programs to assure thati

L Controls for Environtrental Pollution, Inc. is operating at maxi-
mum efficiency; including specific objectives as follows:

,

To verify that chemistry activities are documented anda.
coordinated with the client's program so as to preclude sur-
prises or apparent anomalies;

,

;: I
,

, !; b. To verify that all chemistry procedures and practices are .

correct and adequate for the intended usage and required i
iaccuracy and reliability of results;,j ;

''

To verify that the procedures and practices conform to thec.
Client's Specifications with respect to methods and
frequency of sampling and analysis- '.!o

-f,

i.
;I ''

' .- A-12
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d. To verify that procedures and practices are appropriate
for and consistent with the Client's Specifications and

-)other regulatory criteria; y

e. To verify that qualified personnel are provided with.
-

continued training, as necessary, for proper performance I

of the analytical work; d

'
f. To verify that records are completed and maintained for -

each sample and analysis conducted;
,

d

g. To verify that procedures contain adequate Quality Control q
features and that such Quality Controls are practices as '],

.

part of normal routine; -

,

( h. To verify that equipment is maintained and calibrated to ]|the extent and at the frequency necessary for accurate .a
,

results.
. ,-

2.0 RESPONSIBILITIES
~

;

'
Responsible to prepare, review or otherwise assist in develop- ;

ments of Quality Inspection and Quality Assurance procedures, in- >

structions and plans. Responsible to review procedures, specifications
and otner control or source documents as may be required in tha develop- !
ment of surveillance procedures or other cuality assurance procedures
or requirements. Responsible to perform inspections, write recorts and
provide follow-up action and to direct and review the analytical efforts ,

in the accomplishment types of quality assurance activities. Respon- j ,;sible to evaluate tests, non-conformances, standard requirements, ;

regulatory requirements and to make recomendations for resolution and/or
further evaluations by management, other departments or outside con- |j

4

sultants. Responsible to issue or recomend stop work orders for work j

which is not in compliance with requirements.

l
d

3.0 LOCATION OF WORK

Quality Assurance activities associated with Environmental Chem- )
istry, Nuclear itasurements, Radiobioassay, and Water Chemistry work J

may be performed at any of the following locations as necessary to
accomplish the objectives of this Q.A. Plan.

^
3. Administrative offices of Controls for Environmental Pollution, Inc.

!b. Central laboratory facilities of Controls for Environmenta?
'

Pollution Inc. located in the Operational Division.

c. Other locations of CEP laboratories.

-
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| 4.0 SCH200 LING

{ j] Quality Control, Quality Assurance Surveillance, and certain4
; activities necessary to prepare for Q.A. Audits, as further defined

: in Sections 5.0 and 6.0 of this Q.A. Plan, shall be performed regu-
p larly. For those types of analysis performed regularly and requiring
jj a high degree of sensitivity and accuracy, as jointly designated by

1 the manager or supervisor of department involved, the director of
f Quality Control, and Quality Control Officer.,

1 Ocality Assurance Audits shall be scheduled and performed as-

follows:
n

!O 4.1 Chemistry (Water Quality)

Internally spiked samples issued Monthly by Quality Controln a.

[ Officer.

i.,
b. Spiked samples provided by the Environmental Protection

Agency as cross-check samples will be submitted Quarterly.
c,

c. Standardization of reagents which are critical to proper
results Monthly or prior to use, as appropriate.''

"

d. Results of spiked sample analysis reviewed and evaluated
as are received by Quality Control Officer.

i- e. Promat review and evaluation of any unusual or unexpected'

results will be subject to rerun.
,

4.2 Radiobicassay.

t

- a. Blanks and standards run Daily on each instrument in

.

regular use or prior to use, as appropriate. ,

b. Spiked or split samples issued weekly, biweekly and i
,

I,_

|
monthly by Quality Control Officer.

o

c. Results of analysis of blanks, standards and spiked or
split samples reviewed and evaluated by Quality Control !'

L!. Officer. !

d. Prcmpt review and evaluation of any unusual or unexpected
r

L (- analytical results, any such results will be subject to
"

h rerun.
'

h{. e. Reagents, carriers and tracer radionuclides which are in !.
h

|.
: regular use and are critical to proper results standardized |

.tnthly or prior to use, as appropriate. j|

'

i
'

| .

| -V
p -

L
~
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4.3 Environmental Chemistry J
.J.

a. Chemistry and radiochemistry methods same as paragra,..:s
4.1 and 4.2 where applicable. 1

b. Intercalibration by Controls for Environmental Pollution,
Inc. 's laboratory with,other laboratory agencies, q

Jc. Quarterly review of results and evaluation of any indicated
probable trends.

,

d. Prompt review and evaluation of any unusual or unex;:ected _j
analytical results, any such results are subject to rerun.

The requirements stated above shall apply only to those
'

analyses required by .the Client's Specifications.

4.4 Gas Chemistry l
)

a. Checks of the gas chromatograph against certified reference
standards for all primary system impurities which must be
controlled within specified limits, at least Weekly or

,

prior to use, as appropriate.

4.5 Instrument Calibration (Nuclear Measurements)

All laboratory instrumentation and equipment shall be main-
tained on preventive maintenance programs as appropriate for .]
the rature and frequency cf usage. J

Except as indicated in paragraph 4.2 (a) of this Q.A. Plan, ,

laboratory instruments in regular use shall be checked Weekly
'

,

against standards traceable to standards issued by the fiational i

Bureau of Standards. Less frequently used instruments shall
,

be similarly calibrated prior to use.

5.0 METHODS

The nature of Environmental Chemistry, Radiobioassay, and Water |
Chemistry work is such that most Quality Control and Cuality Assurance :

measures must be built into the analytical procedures in order to be
effective. Because the sample is almost always consumed or altered
during the analytical processes, laboratory personnel must make cer-
tain that every step is done correctly to yield valid results.

!
t

- !
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Tne work procedures must include the use of standardized
_' practices and equipment which have been demonstrated to be adequate

for compliance with client's requirements as regards accuracy, sensi-
tivity and reliability of results. Laboratory personnel must be

~ trained on the particular methods and equipment to be used. Equip-
ment, chemicals, samples and instrumentation must be controlled at

" every step to assure accuracy and reliability.
-

5.1 General Quality Assurance Methods

To accomplish the objectives of this Q.A. Plan, Quality'

Control and Quality Assurance requirements shall be imolemented,~

,
j through the analytical procedures and the laboratory adminis-.

trative procedures and controls, utilizing the following general
, methods.

' 5.1.1 Quality Control

'

a. Standardization and qualification of procedures
including:-

r; 1. Uniform step-ey-step procedures (Cook book form);
l.

2. Training of personnel in use of procedures and
equipment;p

L b. Uniform instructions for reagent preparation,
control, storage, use and shelf life (including

i appropriate labeling and dating);
~

c. Proper selection of glassware, plastic containers
and other analytical equipment and supplies;.-

d. Regular calibration of equiprrent (with standarus"

traceability to National Bureau of Standards where '
,,

necessary and available);
l4

e. Uniform and consistent procedures for taking,
controlling, preserving and using samples (including

; identification labels with dates and time, type and
amount of preservative, and control number for all
record purposes);

7-

L f. Provisions for control of procurement, storage and
use of all chemicals used in analytical procedures;

g. Provisions for analysis of duplicate samples, in- i

cluding standards and blanks where such procedures
are required;

I
.
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h. Independent selective review and checking of l
calculations, curves or other analysis of results. 1

1. Standardized log.s and analysis record sheets for 7

recording sample identification, procedure used, 2
results, and independent checks where required.

5.1.2 Quality Assurance Surveillance

Q.A. Surveillance shall be maintained by periodic,
unannounced, independent spot checks using the following 'l
methods, on a schedule consistent with Section 4.0 of J
this Q.A. Plan.:

El<

a. Issuance of spiked samples for routine analysis; )J

b. Inspection of reagents for proper container, labeling, ,

storage and safety precautions;
]

c. Direct observation and evaluation when work is in
progress; 9

J
d. Verification of equipment calibration;

e. Verification of reagents and standards;-
.

f. Peasurement of radiation background levels.

These Q.A. Surveillance checks shall be controlled by _ .!
Director of Quality Control.

m
,

5.1.3 Quality Assurance Audit j '

Cartain audit-related requirements will be implemented,

3directly in the work procedures; other audit functions
will be developed as part of the preparations 'for con- d
ducting Quality Assurance Audits as provided in Section
6.0 of this Q.A. Plan. The following basic methods will I

be used for auditing: d

a. Introduction of spiked samples (contents unknown to
Controls for Environmental Pollution, Inc.'s staff);

,

b. Laboratory intercalibration by use of split samples
with client's laboratory; .!

J
c. Independent review of results of selected analyses

(including spiked samples);
,

d. Direct inspection of laboratory and audit of work and
records.

A-17
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| 5.2 Particular Work f%thods
'

The following basic methods shall be followed to accomplish
-I the objectives of this Q.A. Plan.

l.

5.2.1 Chemistry (Water Quality)*

All Water Chemistry personnel shall follow the Water'

Chemistry Procedure Manual approved by management. All"

. analytical results shall be recorded on approved forms
after each test and signed by the Laboratory Supervisor.

.,

On a monthly basis, spiked samples of ions comonly tested
during the week shall be introduced into the laboratory'

operations by t% Quality Control Officer. On a quarterly;
basis, water sam /s with various ion concentrations shall
be presented for asialyses, from a source independent of-

Controls for Environmental Pollution, Inc. laboratory.
- All such monthly and quarterly results shall be reviewed

independently and, where necessary, corrective action shall
._

be recommended to the laboratory management, with a copy to
the President.

[
5.2.2 Radiobioassay

i All Radiobioassay personnel shall follow the Radiochemistry
Procedure Manual approved by management. All analytical

I results shall be recorded on approved forms after each iso-
!- tope analysis and signed by the laboratory supervisor.

' On a daily basis, all counting equipment in regular use
shall be checked using blanks and standards on each instru-
ment. Less frequently used equipment shall be similarly
calibrated prior to use. On a monthly basis, unknown spiked

f samples shall be sent to the Controls for Environmental
Pollution, Inc. laboratory for analysis. All such results'

shall be reviewed independently and, where necessary, cor-
| rective action shall be recommended to the laboratory man-

agement, with a copy to the Operations Manager and Directoro
of Quality Control.

! In addition to preventive maintenance, each instrument in
' regular use shall be checked weekly. Less. frequently used

instruments shall be calibrated prior to use. If any irregu-,

1 . larity is detected in the calibrations or counting perform-
L. ance of any instrument, no analysis shall be performed on '

that instrument until it is functionir.g properly.
f

-

~ f

.
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5.2.3 Environmental Chemistry 9

Environmental samples are analyzed in a low background
~-l

1aboratory which deals primarily with trace level radio- -

chemistry.
< ,,.

Environmental samples shall be collected and analyzed in
the manner and on a schedule as necessary to comply with ]-

the Client's Specifications. U

Results shall be formally reported to the management q
monthly, within ten (10) days following the end of the 3
reporting period. Unusual, unexpected or anomalous results
shall be reported imediately to the Quality Control Officer,
who shall initiate appropriate action to review and evalu-
ate the results and take corrective action if indicated.

5.2.4 Gas Chemistry

Gas Chemistry analyses shall be conducted in accordance with
7the Analytical Instruments Procedures Manual approved by the

management. d

The checks given in paragraph 4.5 of this Q.A. Plan shall be a

performed at the frequency indicated. Complete records shall
be maintained of these checks, including the gas supplier's
certification of references standards and the basis for that .,

certification. .1

.J

5.3 New Procedures
.) i

When a procedure is not available, the requirements will be !'

evaluated and a suitable analytical nethod established. After j

satisfactory verification that the procedure provides the necessary 1 i
sensitivity, accuracy and selectivity, a formal procedure will be j
approved by the supervisor and Director of Quality Control and

.
included in the appropriate Procedure Manual. q

! .d

6.0 PROCEDURE REQUIREMENTS ,.
! #

;, As indicated in Section 5.0 of this Q. A. Plan, the Quality Control '

.2

and Quality Assurance Surveillance procedures' are incorporated into the-

analytical work procedures and laboratory administrative procedures and :

instructions .
,

Quality Assurance Audits (QAA's) shall be performed as follows, !
with the numbering shown to be used for record purposes. Scheduling |

!of these audits will be as deemed necessary by the director of QA.
- i

a ..

A-19 .
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CEP-QA-3 Quality Assurance Audit, Water and Organic Chemistry

CEP-QA-4 Quality Assurance Audit, Radiobioassay
m.' CEP-QA-2 Quality Assurance Audit, Environmental Chemistry

CEP-QA-5 Quality Assurance Audit, Nuclear Measurements

Reports of these QAA's shall describe the particular activities''

audited; the basis and procedures for examination and evaluation
,

of records; procedures for verifying validity and consisten.4 of
results; procedures for evaluating adequacy of Q.C. and Q.A.a
Surveillance Activities; and deficiencies and implementing

] corrective action.
J

7.0 REPORTS AND RECORD REQUIREMENTSr

f,
L- 7.1 Chemistry (Water Quality)

Records and reports of analytical results of the varicus'

samples, including quantities and chemical constituercy, shall
be retained as permanent recorcs.

7.2. Nuclear Measurements

All records and logs relative to data and radioactive
materials prepared shall be kept as permanent records.

.

7.3 Radiobioassay

Records and reports shall be retained as permanent records.

|
- 7.4 Environmental Chemistry

- Detailed analytical records and quarterly reports shall be
retained as permanent records. Records and reports shall be! .

| [ prepared as directed by CEP clients.
L

7.5 Gas Chemistry
,

[" Records and reports shall be retained as permanent records.
In addition, records of all certified reference standards, and
their correlation with analytical results, shall be retained for

f. the time period established by the client.
.~

L

,

fA-20
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7.6 Ouality Assurance q

Quality Assurance records shall consist of all logs, reports,
results, deficiency reports and the like which are generated in

_lthe course of carrying out the requirements of the Q.A. Plan. L

Such Records shall be retained as permanent records in accordance l

with CEP's administrative requirements.
-

8.0 ATTACHMENTS
.

None -
*

,

s

~

9.0 REVIEW, APPROVAL AND DISTRIBUTION
Je

9.1 Quality Assurance Plan and Procedures
-

The first drafts of the completed Quality Assurance Plan and
Procedures for Environmental Chemistry, Nuclear Measurements, -

Radiobioassay, Water Chemistry, and all subsequent drafts or .,

changes to these Plans and Procedures shall be distributed for |review, comment and approval as follows: "

Manager of Nuclear Measurements 1 Copy (For review and comment)

Panager of Radi bicassay 1 Copy (For review and com.ent)
3

Manager of Environmental ]Monitoring 1 Copy (For review and comment) -

Operations Manager 1 Copy (For review and coment) J
:J

Manager of Water Chemistry 1 Copy (For review and coment)

Director of Quality Assurance 1 Copy (Forapproval)

A marked-up copy of the Plan and Procedures, or a coment
letter incorporating all comments from the reviewers, shall be -

returned to the issuer (Quality Control Officer) within ten to
fifteen days. !

J
After resolution of all coments, and completion of signatures

required on the signature sheet, the Director of Quality Assurance
,

will approve the Plan and Procedures and distribute copies to the '

controlled distribution. '

i
6

'

i

A-21.
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9.2 Quality Control Insoection Procedures
i

Any Quality Control Inspection Procedures found to be
necessary shall be reviewed by the Director of Quality ;

:

[
Assurance, or his assignee.

Applicable, up-to-date QCIP's shall always be available at
,

|'
the Quality Control Office for use by personnel assigned
specific QC duties.

!

- A complete set of current QCIP's shall always be readily
f available at the Quality Control Office,'

f'

l
'

.

k

.

:

i

h

i
>

l

i
s.

':
'

:

i

!
,

3
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', Statistical Parameters .

\'
' In the context of analysis of the data to determine comoliance witn NMEID

~

| ', tentative criteria, the following methods were used.
,-

4

,

! 1. Arithmetic Mean. The arithmetic mean of a set of n observed numbers is n
.1 ]

| the sum of the numbers divided by n. This statement may be expressed 'I
t

as follows:;;
1' .

*
'

X +X +X +* * * Xn
1 2 1-

,. x=
'4 n ,

Ilr,
..!|;

where tne symbol E represents the arithmetic mean, and XXe X etc.
-

i
1 2 3

$ rep re sen t the speci fic observed values and n being the number of items.
;; -

!~

!.
I2. Range. The range, the simplest of the measures of dispersion, is the

1 '
dif ference between the minimum and maximum values in a series. It is

some t i mes g i ve n in the form of a statement of the minimum and maximum
j.

.alues themselves. i

\'
n

3 Standard Deviation and Variance. Standard deviation is the measure of f
'

I' cispersion of a frequency distribution. Thi s i s the root-mean-squa re t

; deviation of the observed numbers from their average. This statement ' '

]
4

may be expressed as: i..

!ij -

1e
b dme

I E(XX)'

' s= / n-1 i

| J

The symbol s represents the standard deviation, I indicates "the sum of,";

; X reoresents the observed value, X expresses the arithmetic mean and n-1

I ', represents the number of items minus 1, providing an unbiased estimate of
'

i

i, the standard deviation of the population from which the sample was drawn.

!
> s

'

The mean of the squared deviations is the variance. It is found to bei

more convenient to eliminate the ef fect of the sCuare root radical in the
i .
'

standard deviation formula, and thus tne square of the standard deviation
.

| (5)2 is used as a measure of cissersion.

A-23
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I' 4. Standard Errors and 902 Confidence I n te rval . If the data for the samoles
..ere arranged in the form of a frecuency distribution, thav would be found'~

to tend toward a normal di stribution. This is called the sampling distri-~-

,

bution of the average.

.

i A sampling distribution is a tabulation of some specified statistical value<

from an infinite number of samples of a fixed size f rom a given population.
t

|
The central limi t theorem indicates that regardless of the nature of the

;

cistribution of individual values, the samoling distribution of the means

I will approacn normality as the sample size increases.

.

The standard deviation of a sampling distribution of means, or of any other
statistical measures computed from samples, is termed the standard error of

the mean (57 ).

The greater the number of samples included in the distribution, the smaller
the error to be exoected and the smaller the standard deviation (measure
of sampling error) of the theoretical cistribution of the means. In turn,

the standard error will vary inversely wi th the number of samples included in'

the poculation.

f|
I ! When the range of the limits of variation in the population or original data

is large, a greater error is to be expected in a measure computed f rca the
data, such as when the range of values in the population is small.

i'
[ The formula for the standard error of the mean (the standard deviation of

the distribution of means of samples) is
e a
-

_.

I oX =/n
Standard deviation of samplewhe re c =

Number of itemsn =
,

The probable error (P.E.) of the mean is, therefore
a

P.E.
--

1.645X =

/n

Thi s enables the population reliabil: ty to be evaivated. As snewn by the

accve ecuation, there are 90 cnances out of 100 that tne comoutec value frcm .

.

A-24
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-

a random sample will not be further away from one standard error of tne
.

mean f rom the true average activi ty.
3

l
|

Thus the sample has a 90% assurance (confidence level) that the sarple

result will not be further from the true value or the value whien would
~'

have been obtained if every inch had been included. The interval within

] which this value is contained (E + P.E. } 90% confidence level) is called -

| the confidence interval, while the outside limits so established are .

called the confidence limi ts.'
_

.

'-
4 The 90% confidence interval, therefore, is an assigned probabi1ity by*

i -

which a range is given which we think includes the true value of some.

population parameters.
.

>
-

5. P re ci s i on : A measure of the reproducibility among replicate observations. J

..,
t

6. Accuracy: A measure of the agreement between obaerved and accepted values. J

7 Systematic errce: Errors that may be traced to the oersonal errors di
the e xperimen te r , the instrucental ereces of nis reasuring devices, tre

errors that re pose in the rethod of analysis he employs, or a combination ,

'
of these. Accuracy describes this type of variability or error.

~

1

3. D.andom e rror : The necessi ty for making estimations is inherent in the d!
,

process of. collecting data for the measurement of any quantity. For this

reason, any measurement will be uncertain, in an amount that depends on the
..

relative magnitude of the estir:ations involved in i ts evaluation. Careful

expe riment al des i gn can reduce t hi s uncerta in ty ; however, s.r.al l irreducible

Vdriat ons wi Il remain. $Ince radioactive decay is a random orocess, any
~

counting measurement will have a random error associated wi tn it. Precision i
i

describes this type of variability or error.
"

.!
m

j'

1

.

-
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.
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Duplicates

i Gross Alpha
4

1

; Date of First Value Second Value
L, Analysis pCi/qm pCi/gm

3/81 5.94 2.63 3.89 2.30; .

6.01 2.72 5.58:2.66

8408.00:539.00 7902.00:5.23

( 4.60:2.80 3.90:2.60

9.00:1.80 8.30:1.80
"

4/81 16.20:6.80 15.80:6.80

2.00:2.50 2.20:2.30'

2.20:1.50 1.40:1.40-

16.60:10.60 7.20:12.60

2.00 2.60 0.23:2.23
,

| 0.26:3.00 0.25:2.80

8.06:5.45 5.94:5.12
!- 5.40:4.70 a.5013.20
'

3.80:2.51 1.90:2.30,

!

| j 4.8022.60 4.40:2.50
! 3.80:2.30 5.20:2.60

a.00 2.40 4.00:2.40,

{ 1.80:2.00 2.20:2.10

7.20:12.90 20.40:15.10
_

4.49:0.73 5.20:0.91

1.50 0.70 1.60:0.70
,

| 3.00 2.70 3.60:2.50

| 3.00:3.43 2.75:3.73

2.20:0.80 2.50:0.80) 1

I 5/81 720:2.80 6.30:2.70t

3301.20:75.70 2983.70:70.30

f 7.80 5.00 12.30:5.70

2.00:4.20 2.30:a.30

10.50:5.40 13.30:5.50

0.30:3.40 C.10:0.30 .

~

i
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Duolicates
<

_,

Gross Beta I <

i

Date of First Value Second Value ~1

Analysis oCi/qm oCi/qm J

3/81 3.8122.24 3.12:2.19 --)
1.39:2.09 2.01:2.13 d
207.21:11.26 326.04:12.16 .,

2.56:2.06 2.56:2.06,.
, , ,

2.10:2.10 2.20 2.10
_

17.50:2.50 16.7022.50

4/81 1.40:1.60 1.00:1.50
"

4.30:0.60 4.80:0.60 -

0.80 0.20 0.60:0.20 -

2.39 2.27 1.91:2.30
3

3.00:2.10 2.30:2.00 .]3

2.10:2.00 1.70:2.004

2.20:2.00 4.40:2.10 I
'

1.93:0.11 2.15:0.11
~

52.80:3.70 50.10:3.70
' '

;
1

'; 8.70 2.10 7.10:2.10 ''

50.00:2.00 57.00 2.00 j |,

5/81 2.60:2.10 2.40:2.10 J
61.10 1.80 59.70:1.80
5.30:4.40 2.10:4.20

_

1.50 4.10 1.80 4.10
2.40:0.40 1.90:0.40 l

'J8.70:0.8b 7.30:0.70
"

12.75:0.73 12.16:1.38 '

23.20 2.70 24.40 2.80 3-

,

,

) 4

J

*

d

e

. .

1 .
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}' Duolicates
*

Radium-226

,

Date of First Value Second Value
,

i Analysis pCi/cm pCi/cm

, - - 3/81 0.00:0.05 0.00!0.05

[2 2.80:1.00 2.30 0.90
0.00:0.05 0.00 0.05

! 4/81 0.00:0.05 0.00 0.05
* L;

0.30 1.20 2.40:1.30-

[l 0.20!0.60 0.10 0.70-

*

0.40 0.70 0.30:0.40,

;~ 5/81 0.20:0.80 0.00:0,05
'

O.00:0.05 0.00 0.05

t 0.37:0.08 0.44:0.09
0.29:0.09 0.39:0.12

j 0.20:0.05 0.11:0.04
0.32:0.10 0.36:0.08- .

, .

'

O.73:0.11 0.25:0.06
2.74:0.25 1.62:0.16

[' O.88 0.17 0.78:0.14

I

I
t. i

i,
t

t

1

,

1

F

l

|
'

,

,
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! Duo 11 cates !

Radium-228 h
t.d

Date of First Value Second Value D
:d

,,

| Analysis pCi/cm oCi/gm
:-
''

3/81 0.00:0.10 0.00:0.10 e
xi

1 7.30:2.60 7.30:2.50 y;

0.00 0.10 0.00:0.10

f0.00:0.10 0.00:0.10
4/31 0.00z0.10 0.00:0.10
5/80 0.00 0.10 0.00:0.10 f

'' 'O.00 0.10 0.00:0.10
, ,.

I

m

**

. |.

'
4

!;';
.,) ! !

;,

( i

U.

$
r, 7

'
:

2
,

i

! ,

I
' J

!
.

J

e
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i L> Ouolicates
$

~

: .
Strontium-90'

'

i

:. -

' Date of First Value Second Value
- Analysis pCi/gm oCi/gm i

3/81 0.00 0.03 0.00:0.03
.

0.00:0.03 0.00:0.03

I 0.1020.07 0.14:0.07
'

O.12 0.09 0.02:0.09 )
'

; [" 4/81 0.00 0.03 0.00:0.03 |
O.00:0.03 0.00 0.03 Il ''' .

0.00:0.03 0.00:0.03 i[
1

L. 0.1220.08 0.10:0.10
0.00:0.03 0.00 0.03

|

| { 0.00:0.03 0.00:0.03
0.00 0.03 0.00:0.03-

I 0.00:0.03 0.00:0.03
'

O.00:0.03 0.00:0.03 |

t' O.00:0.03 0.00:0.03
i
,

a

|

1 |
.

,

t.'

.

'

1.

||

: ,

6* I

fi
*

i

-

I
.

'

.

6

4
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Duolicates'

Uranium-234 l
.4

<

Date of First Value Second Value l
Analysis pCi/gm pCi/gm -j4

,

|, 3/81 2.99:0.99 1.89:0.52 q
1.79:0.29 1.89:0.42 ;J

.

i

4.68:1.31 4.98 0.96 ._

4/81 0.98:0.61 0.81 0.33 ;,..

'
O.43:0.13 0.26:0.07

~~

0.19:0.08 0.25:0.10y
"

5/81 0.01 0.14 0.07 0.04
1.8920.36 1.32 0.20 -

0.04 0.05 0.04:0.04 '
i

i 0.22:0.08 0.25:0.08 y
i

1.14:0.24 1.39:0.13 _j
.

.

-

n

I i
'

.

_.

mi

k

i. -"

i
'

i
1

k

.

O

_ ' .
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f I'i
| O Duplicates

!p Uranium-235

| lj
i Date of First Value Second Valueg

gj Analysis pCi/gm oCi/gm

| 3/81 0.23:0.10 0.16:0.12

f 1.33:0.39 1.47:0.48
s u
i 2.25:0.80 2.32:1.05

) I' O.69:0.53 0.61:0.41
$U 0.78t0.41 0.95:0.36

fp 4/81 0.18 0.14 0.21:0.15

i ') 0.08:0.05 0.09 0.08

)), 0.59:0.18 0.47 0.29

[] 0.68:0.20 0.24:0.12

5/81 1.27:0.43 1.70 0.324

I 0.23:0.17 0.06:0.04
'

1
1.79:0.93 2.01:0.28

O.03 0.03 0.19:0.15'

0.50:0.12 0.08:0.17

42.38:1.72 37.79:1.08g,
{, 0.11:0.11 0.19:0.08

0.32:0.09 0.39 0.09
i

i
6..

6

o

.; r -.

(
i ' *

,

r

s

i~
>

.

|
u

!
-
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Duolicates j i

Uranium-238 1

!!
;

'

,

Date of First Value Second Value l
Analysis pCi/qm pCi/cm -!<

-.

3/81 1.96:0.53 2.30 0.42
, ..

0.88:0.20 0.95 0.29 ;

0.85:0.32 1.9620.55
~"

- 1.97:0.85 1.5520.58

! 4/81 0.90:0.32 0.60 0.76 n
'd i0.68:0.81 0.30 0.25

,
...|f

! 0.11:0.07 0.17:0.09 -,

i 0.04:0.09 0.41:0,11 |
,

'
j 0.28:0.18 0.25:0.11

,

O.56:0.17 0.20:0.36

b 5/81 0.17:0.21 0.70:0.22

.0.76:0.34 0.48:0.17 ~1

0.19:0.20 0.05:0'.04

0.04:0.04 0.23:0.18 q
0.41:0.12 0.16:0.14 J

0.62:0.12 0.77:0.18
_

.
a.74:0.58 5.55 0.41 '

; ', __

; O.27:0.15 0.17:0.08

0.01:0.02 0.05:0.03
!. 0.00:0.05 0.00:0.05 ~

2.81:0.76 1.64:0.46
.

_

J

:

.!.

6

!

.

i
"

.
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Duolicates

") Thorium-228
.,

.

E' Date of First Value Second Value
Analysis pCi/gm pCi/gm

r, 3/81 0.00:0.05 0.00 0.05
!. ' ', 0.05:0.04 0.04:0.04

0.00:0.05 0.00:0.05
'! 0.05:0.03 0.06:0.03
r ~a

4/81 0.07:0.04 0.04 0.03
1 0.10:0.06 0.05 0.05

0.11 0.06 0.08:0.06
,

~; 0.08:0.05 0.02:0.02
a 0.06:0.04 0.04 0.04

0.07:0.07 0.08 0.09- - .

:

| 0.03:0.04 0.04:0.03

5/81 0.00:0.05 0.00:0.03
,' O.04:0.04 0.05:0.04!

0.06:0.05 0.10:0.07

[' O.30:0.26 0.34:0'.27
';

| 0.39:0.39 0.24:0,33

0.00:0.05 0.00:0.05i ,

[ 0.02:0.02 0.02:0.02
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Thorium-230
.

Date of First Value Second Value '

Analysis pCi/gm pCi/cm j
3/81 0.07:0.05 0.00:0.05 .

2.75:0.21 2.07 0.19
22.04:1.94 31.18:2.54
0.09:0.05 0.11:0.05 },

J,

4/81 0.04:0.12 0.06:0.05 '

0.14 0.07 0.19:0.10
~

,

'

O.09 0.05 0.03 0.03
0.14:0.11 0.17:0.10
0.07:0.05 0.03:0.03 _.

5/81 3.27:0.32 5.78:0.401

1

3.55:0.91 2.79:0.80 j
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; j Thorium-232

4 " Date of First Value Second Value
!. . Analysis pCi/cm oCi/qm

t

j,, 3/81 0.07:0.06 0.13:0.06
t. 0.04:0.05 0.17:0.07

0.12:0.06 0.16:0.05_,

0.6420.43 0.65:0.34. 2

.i
"

: 4/81 0.08:0.11 0.11:0.25
. ,

1 0.06:0.06 0.08!0.05

O.19 0.15 0.09 0.07'

|' O.21 0.09 0.1320.08
,

0.08:0.05 0.03 0.03"

- 0.06!0.08 0.05!0.06
0.09:0.06 0.04 0.03

0.72 0.51 0.20 0.18

5/81 1.53 1.03 1.80:0.85
.

0.1620.08 0.17:0.15

3.79:0.94 4.23:1.01-
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I Aut [ C.1

. Sangile identif icatiosi: 0-061-D
l
j [mesure to ligte* (aggyr} E mp0_gre to l ung ,(sis emifyrj,_'

type of A4tivity Cle..ance kate,

Clearasne kJte! Analysis- (pC1/g dry) D ~~ W~ f lo. t a l. . Isuies tion D W " T ~ ~'~~'
_lo t.a l.- .

,
-- -

1
-

-

_

Radiam-2?b.

f Naditme-22fl
| St s ont 6 tan 'JO

las asai san-214
Ils anallmen-2 PJ Q,Q$< .

Isaanismo 213
. . . . . . . . .

- lluie luia-/2a (a) la)llan t un.-210 (a) (a)II.or i tma-2 32 (a)
(.c s i tau- 131 (a)

lutal
.

n
.

-

8 %aiple identification: D-U/J-Di r
,

kadluin 226
kadluan-228'
Strontlian S)
tie aeilimie .211
11 eniuin 21$ 0.3510.11 0.01 - . 0.0L 0.68 . 0.01 0.11 0.12ten anlin 21fl
lla.r i tua - 2?G (a) (a)Ihus stam 210 (a) (a)1 lhor sian ?)2 (4) (a)Les 6 tau 131

ient a I ,0,tjj 0,($ .g,g2
(a) ILHP-30 classifies tiortian tunipounds as V avid W type.
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I Atil L C-l

5.inyIe Idesit 6164 a t losi: gj.(315 0

1.sganus e to lione (annifyr) t apusure, to l ung _(sfremi/yr)

lype of Activity Clearasite kate Clearaine kate
Analysis (pCi/g dry) li -"lf--- Y lutal Irincs t iori D W ~f'~~~'" lutal

Radi m-2/f2
Had iusa-22tl
St e un t aina ar.)
UrJftltau 2.$1
lir a n t ina-2 35 0.12:0,06 - - - - u.23 - - 0.04 0.04
us an linn- ? 311
Iluir t ian- 221l (a) (,)
t hus inau- 2 30 (a) (,)
lians tian-2 31 (4) (,)
(e s i nun- | 11

lutal - 0.'23 0.b4

Sample Idesit i f Italluti: D-683-D
ru

kadiamu-226
ka.llima-220
St e unt 6 tan 90
Pr a n t ina- ? ll

Us aiis uin- 2 3tl
, ,_ ,, _

0.17 - - - 0.0)He an iima-2 h 0.09:0.05

Iluer a.m.-226 (a) (4),

liion simu-2 33 (a) (a)
I bor iima-212 (a) (a).

Iesiuin-|31
'

- 0.1/ 0.03ing3|

(.s) lll4P- Ju (lassif les thor luin (om.pouvnds as Y and W typot,

i L __ . t._.._ i ._ _ !. ; i .-i O._J u.. ; __J .J _.. J
'

I
, . _ _ _ ._. . - . .

. . _ _ . _
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IAbit 0-1

54.gele lA nt6fication: D.08/-D

[aposuse to ttune (msym/):) luposuse_tulung(miew/ys)
lype of Activity Cleas ask.e lta te Clean asice Hate
Analy}is (pCl/eidry) 0 -~W - ~ ~ f lutal Innestion D W ~~f'''''~' lutal

Ma d lina-2 t f,

Raditaa -2?fi
St e untismu 'eu
us an iinn- 214
us an tin-?n ' u.05 - - - - . . . . .

lls ass ita:n-218
Ihos itasi- ??P (a) {a)liio, i n.ii- z io

a) (a)
liais t uu-?J/ a) (a)
(esiv.n 131

lutal - - -

Sample Ittent i f tta t tort- D-091-D

O k.s d i tan- ??L
b itaitiuin 2?H

$1 e on t s tan '30
Uranitau-214
ue en t te-2 h <0.05 - - - . . . . . .

Uranitan-238
I ho r i tni.- 220 (a) (a)
t hus lima- ? 30 (a) (a)
II.us itmu-? 12 (a) (a)
f es tian- 131

lutal - - -

(a) ItRP-~10 classifies tiiuritma cunpuunds as Y and W type.
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; Saimple Identification: A-063 5-0

I !?Josus e to Ilune (me ess/yi,-) [spusuretglung_{msein/yr}

type of Activity Cleasance kate Clearasu.e Hate

Anglysis (I44/9 dry) D ~If f Intel Inisestion D W ~ V' ~~

lutal,

R.a d l is. - 2? t, 0.9720.30 0. 3t> 0.03 0.02 0.41 8.63 - 0.03 0.71 0.14

kadiuen-??8 0.37:0.18 0.06 0.03 0.02 0.11 1.65 - - 0.30 0. 30

0.03 - - - - - - - - -

St r on t ium:- 99 *

th ani un-234 2.8*0.6 0.08 0.02 - 0.10 6.02 - 0.09 1.06 1.15

Urantu=-235 0.12:0.04 - - - - 0.23 - - 0.04 0.04
0.06 0.60 0.66th anlun-2 38 2.110.6 0.05 0.01 0.01 0.07 4.07 -

[- - -
Ilaariaan-22a < 0.05 (a) - - - - (a)

- -

tes tian.137 0.2210.05 -{) - - - -

(,)
- - -

0.05 g,) - - - -Itu):tian-230 <

0.05 (,)
- - -

Ihortun-232 <
- - - 0.05 -

Iotal 0.69 20 65 II59

Sample Idi>ntification: A-0 7tt-5-0
o
. ' . Had hma 22t> 1.5:U.3 0. f,6 0.04 0.04 0.64 13.35 - 0.05 1.10 1.15

Hadhau ??u 1.710.2 0.26 0.14 0.10 0.50 7.60 - 0.02 1.36 1.38--*

St e i.nt iin -90 0.1210.04 - - - - 1.05 - - - -

th anium-214 1.2t0.7 0.03 - - 0.03 2.58 - 0.03 0.45 0.48
Us aniamm-235 0.13t0.07 - - - - 0.25 - - 0.04 0.04
Unaniinn-218 0.88to.10 0.02 - - 0.02 1.70 - 0.02 0.25 0.27
ilu ritas-2211 0.11:0.07 (4) 0.04 - 0.04 0.04 (a) 0.01 0.10 0.11
liuns tium-2 io < 0.05 (a) - - - - (a) - - -

j Iluss time 232 < 0.05 (a) - - - - (a) - - -

(.es i ..ii. i ji 0.44io.05 - - - - 0.iG - - - -

>

Iotal is E61 IM
(a) likP-lo classilles thoriuus cannpounds as V and W type.,
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|

;Sample IJentifitatlon: A.404 5.y
I51"itiny tg Bone (meeofy[} hics9tg iu_ limg (asu_sfyrj

Iype of Activity Clearasne h te Cleas aene kate

.-.i _/g dry)--- -
lutal . .in.ges t ion D W ~ I- - - -- Total(pC 0 -"Y V

- _ --- .Anal.ysis
- - - --

I R4Jime-226 < u.5 - - - - - - - - -

!
Radium-228 0.5210.16 0 . 0 11 0.04 0.30 0.42 2.32 - - 0.42 u.42
Strontium 7) < 0.03 - - - - - . - - - i

He anium.214 0.23to.10 - - - - 0.49 - - 0.09 0.09 ;

un anium-2 35 . 0.6 - - - - - - - - -

Uranium-2 33 0.23:0.10 - - - - 0.45 - - 0.07 0.01

II.or ium-228 < 0.05 (a) - - - - (a) - - - t

- 0.05 0.05 i, Iturium-230 0.16to.07 (a) 0.26 0.10 0.36 0.32 (a)
- 0.04 0.04 |licr ium-232 0.12:0.06 (a) 0.22 0.08 0.30 0.25 (a)

Cesium-137 < 0.08 - - - - - - - - -
;

lutal 1.08 3.33 0.61 ;

p $agle identilltatiosa: A-407-5-0
to
W R4J6 tam-226 1.7:0.3 0.63 0.05 0.04 0.72 15.13 - 0.06 1.24 1.30

RaJiima-228 1.ls0.2 0.17 0.09 0.06 0.32 4.92 - 0.02 0.89 0.91

Str ontium-90 < 0.03 - - - - - - - - -

' Unanitam-211 0.53 0.14 0 01 - - 0.01 1.14 - 0.08 0.20 0.23 |
I us antimm-2 35 0.09 :0.t:5 - - - - - - - - - i

i Us'anium-2 38 0.17:0.08 - - - - 0.33 - - 0.05 0.05 t
*

1 Iloritam-22S < 0.05 (a) - - - - (a) - - -

] lhur iamm-230 < 0.05 (a) - - - - (a) - - -
|

1 lior ium-232 < 0.05 (a) - - - - (a) - - -

[

cesium-in < 0.m - - - - - - - - -
,

t

Iutal 2$ f [
t

(a) 1(LP- 30 t lassif ses tiertium (tm4eus Js as T asn* W tygne.
&

b

t
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, IA8tl C-4'

\-
) Sample filentif ication: A.421-5-0
:

I !.81"!P!!E3E.!Ofe (ageie/g) {alsugu-'[u[mgg_(ares /gl!
- lype of As.tivity Clearam e Rate Clearasse Itate
! Anal.ysis -. --./.g dry) D ~9 '- ~ f . . .l.o..t.a l . Ingestion D W ~T -

lotal -(pCl .--- -.-
,

6
,

s Radioam-226 < 0.$ - - - - - - - - -I
Hadiames 22tl 0,104 - - - - - - - - -5tsuntiume 9') o,03 - - - - - - - - -

<

Us aniima-211 0,14,0,07 - - - - 0,30 - - 0.05 0.05Oranttam-215 < 0.05 - - - - - - - - - LUsantina-218 0.19t0.08 - - - - 0.31
-(a)

- 0.05 0.05Thorisma-228 < 0.0S [a) - - - - - - -Ituarlian 230 0.23:0,11 La) 0.31 0.14 0.51 0.46 (a) - 0.01 0.01lhor lima-2 32 0.26:0.10 La) 0.48 0.10 0.66 0.54 (a) - 0.10 0.10f es t aan- 131 < 0.00 - - - - - - - - -

,

letal T. il 'I .~61
0.[27

n Sample litentification: A-464-5-0
. s

B Hadium-2/6 1.5so.4 0.56 0.04 0.04 0.64 13.35 - 0.05 1.10 1.lbkadiamm.228 0.82:0.22 0.13 0.01 0.05 0.25 3.66 - 0.01 0.66 0.615 t s ont itam 'ju 0.49:0.13 - - - - 4.29 - - -
'
-

Urantiam-211 0.10 0.18 - - - - 0.22 - - - -,'

Uraniema-21S 0.01:0.04 - - - - 0.13 - - 0.23 0.21Uraulina.2 p3 0.12:0.tn - - - - 0.23 - - 0.03 0.03lharisma-22a < 0.05 (a) - - - - (a) - - -

t hur itam-2 );l < 0.05 (a) - - - -

(a)
- - -

'

- - -

Ilusr lime-2 32 < 0.05 (a) - - - - (a,
(es i n,s. l u 0.88i0.08 - - - - 0.20 - - - -

|
<

lotal Ol8s 22 M 7,jg

(a) IIHP-hi classifies thorium siaqsoustds as V and W type.

I

t

.
i 6
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I Abt i C-5

Sangele l len t i f ic a t iosi: A-066 -5 t>
[a mut e to lung (miemfyr)E_sposuietoD.ina_(an,fp) j

lype of Activity Clearance Hate Clearance Rate

Analysis (pCl/q dry) D ~~l ~ ~~''i lutal Ir.qestion D W -T'~~~~~~~~~ lutal

Radisam-226 < 0.5 - - - - - - - - -

Ha.liuse 2/8 < 0.10 - - - - - - - - -

5tiontium-99 0.39t0.ll - - - - 3.41 - - - -

Us anitma- 2 34 0.28:0.12 0.01 - - 0.01 0.60 - 0.01 0.11 0.12

tiran tiam-2 3s < 0.05 - - - - - - - - -

Uranitsia-2 38 0.16 :U .03 - - - - 0.31 - - 0.04 0.04

< 0.05 (3)
- - - - g,) - - -

| liior iaan- 22ft

gi,o,.im 2 32 ,
- - - -

g,
. - -

< 0.05 - - - -

Ilior tian- 210 , - - -

< 0.05 g,
- - -

< 0.08 - - - - -

Cesitam-131
UTO'l 4TM 6 16

IntaI

5.sw le l&ntification: A-087-5-6

O Nadiuse 2/6 1.0!0.3 0.31 0.03 0.02 0.42 8.9 - 0.04 0.73 0.77

b. Radium-228 0.65 0.20 0.10 0.05 0.04 0.19 2.90 - 0.01 0.52 0.53

0.03 - - - - - - - - -

N 5trunt tima-90 <
0.05 - - - - - - - - -

tir anium-2 34 <
0.05 - - - - - - - - -

Us anium 235 <
0.05 - - - - - - - - -

Ue ani tma-2 38 <
0.05 (a) - - - - (,) - - -

gjo,g ,,.27c <

g i,ui- i m. 2 30 0.05 (a) - - - - (a)
- - '-

<

0.05 (3) - - - - (,}
- - -

II,or t un. 2 32 <
0.08 - - - - - - - - -

(estua-131 <

lotal li.'61 llM CiG

(4) IC HP- 30 classifies (lioriasis tunipoushis as Y asul W type.

.
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I Abl L C.5

Sansle Idesitificatiosi: A.128 5 6
*

higure to lione (sum /yr) Esposure to liasig (mgeimtye )lype of Activity Cleatar4e Rate
_Ana l.y s. i s (pCl/q dry) D ~~ T ~ ~ ~f lotal 19:st lose D W

~Cleas aene Rate- _

Y lotal
Nedismu-226 < 0.5 - - - - - - - - -

'
Raillim-2215 < 0.10 - - - - - - - - -St o osit iim-7J < 0.03 - - - - - - - - -Uranium 231 < 0.05 - - - - - - - - -Us aritim- 215 < 0.05 - - - - - - - - -Uranlim-2 3fl < 0.05 - - - - - - - - -llan tta-2?ll < 0.05 (a) - - - - (a) - - - ;ll.or ita- 2 30 < 0.05 (a - - - -(a) - - - - (a) - - -

(a)Ihurlim-232 < 0.05
'

- - -

)Cestima 131 < 0.08 - - - - - - - - -intal, - -

uncle identif ttatioen: A-130-5-6n '

O Hadita-226 2.2t0.3 0.82 0.06 0.05 0.93 19.58 - 0.0tl 1.61 1.69CD Haditan .228 0.80+0.11 0.12 0.06 0.05 0.23 3.5J - 0.01 0.64 0.65, Steuntismu-90 < 0.03 - - - - - - - - - ?
1

Us an tims -234 * 0.05 - - - - - - - - -
;th anlaan-2 35 < 0.05 - - - - - - - - -lle an isaa-2 38 < 0.05 - - - - - - - - - !
:,

; Ilserinne 228 < 0.05 (a - - - -

(a) - - -Iluss iam-233 < 0.05 (a - - - - (a) - - - i; liioriam-232 < 0.05 (a - - - - (a) - - -; ( es t em- 131 0./190.06 - - - - 0.18 - - - -

lutal Q , 21.~34 {}4 f(a) t(.HP.10 classifles t1.orliam (ungeisids as V and W type.
'
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* I Att a' C-5
i

$4mple identification: A-142-5-6 t

I 81osus e to tione jus ren/ye } h e n Lung _(seein/p )lype of Activity Clearseice Rate
Cleaa arwe Rate.A.n._e lys_ _i s (pCi/g da y) D W ~~ ~ ~ f lotal lenses t ioni D W ~T - - - Iotal

Raditme 226 1.2t0.4 0.45 U.03 0.03 0.52 10.63 0.04 0.121 0.92 i
-

Hadium.??8 < 0.10 - - - - - - - - -5ts amtlime 90 < 0.0 3 - - - - - - - - -Us anitmo-218 4 0.05 - - - - - - - - -Ueonisse 215 < 0.05 - - - - - - - - -
*

Un asilia.a.2 38 < 0.05 - - - - - - - - -II.in inau- 22:1 0.0510.04 (,) 0.02 - 0.02 0.02 (,) 0.01 0.05 0.06liwrisma 230 0.07s0.06 0.11 0.04 0.15 0.14 - 0.02 0.0?
,

a
II or iima .232 0.00tu.06 0.15 0.05 0.20 0.16 - 0.03 0.01

,
a

(estaau-137 0.16 0.05 - - - - 0.04 - - - -

,

total U.89 _11 D4_ 1:-.._0 3--
Sample 1.h nt if itat tun: A-143-5-6

? Hadismu-2?6 2.6tu.5 0.9/ 0.07 0.06 1.10 23.14 - 0.09 1.90 1.99g Raditmu-720 0.84t0.23 0.13 0.07 0.05 0.25 3.75 - 0.01 0.68 0.69Steuntiimm-90 < 0.03 - - - - - - - - - !Uranium.234 < 0.05 - - - - - - - - -
iUranium-235 0.05 - - - - - - - - -
i

<

0.05 - - - - - - - - -
Us anium-238 <

llusr itme-220 < 0.05 (a) - - - -

g,g
- - -

- - -< 0.05 (a) - - - - (,)
- - -

Ihoritan-230
Ilmrlum-232 < 0.05
Ces tian.131 0.37:0.06 -(4)

- - - -

g,g
- - -

- - - u.08 -

tlutal I 35 ~ E97 '2 D2
j

(4) ILHP-30 classifies iliorium tumpounds as Y and W type. '
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l Abt l C-5

54siple IJentititation: A-146-5-6

f aposure to thune .(m ym/ys ) Iaposure_ to 1un d erg /g )
lype of Activity Cleares.ce Rate Clearame kate
Analysis (pCi/q Jry) D ~ ~ lf - -~f Total Ingestion 0 W ~~ T ~ ~ ~ - lotal

.i Radiuin-226 * 0.5 - - - - - - - - -

| Hadium-2/8 0.33t0.16 0.05 0.03 0.02 0.10 1.48 - - 0.26 0.26
j 5tiontium-90 <. o,93 - - . , - - - . -

i Usantin-?)4 0.90:0.41 0.02 0.01 0.03 1.94 - 0.u3 0.34 U.31-
- Usantim-235 0.88 0.54 0.02 0.01 - 0.03 1.11 - 0.03 0.27 0.30uranium-238 o,49,0,53 o.og - - 0.01 0.95 - 0.01 0.14 0.15

Iliue iuse- 228 0.05 (a) - - - - (a) - - -
<

Ihorium-210 < 0.05 (a) - - - - (a) - - -

lhos itam-2 32 * 0.05 (a) - - - - (a) - - -

Cesium-131 0.160.04 - - - - 0.04 - - - -

total 0.17 6'.T2~ l.08
~ ~

,

4 Sample IJ.utification: A-147-5-6
, o
i e
1 A R4Jium-2/6 * 0.5 - - - - - - - - -"

R4Jiian-228 * 0.10 - - - - - - - - .

#
j $launtiaan 9i) 0.03 - - - - - - - - .

5U,anisma-214 0.05 - - - - - - - -
*

-
*j Uranisan-2 y, 0.05 - - - - - . - - -

*Uranlima 2 N 0.05 - - - - - - - - -

*Ihorita. 2?n 0.05 (4) - - - - (,) - - -

*
Ihuritse 210 0.05 (a) - - - - (,q - - -

*'

ihuritam-2 tl 0.05 (a) - - - -

Ces tian- 111 O.00 - - - - - -(ah
- - -

'
- - -.

lutal - - -

(a) ICRP- 10 classifies tiios iussi coniapuusiJs as V ased W type.
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i Alst C C-5,
*

1

Sample identification: A-211-5-6 '

EsposuretoBone(agemifyr) tapusus e to lung _(oremhr)
Type of Activity Clearance Rate Clearame Itate |

__C i /9_ _d_ry )_._ _"~_lf_- ~ ~~~t__(p DAnal.ysi. s _-_o_ta l _. In9estion D W ~~ f
-

Iotall
- - - -

_ -_

Hadiam-226 < 0.5 - - - - - - - - - !

Radlin-22H < 0.10 - - - - - - - - -

5tsontism.'Jo 0.26t0.09 - - - - 2.2tl - - - - i
Urantime 231 0.22:0.09 0.01 - - 0.01 0.47 - 0.01 0. tit 0.09 i
Ur an tiam-2 35 0.05 0.03 - - - - 0.10 - - 0.02 0.02 |
Uran tim-21:1 0.40t0.11 0.01 - - 0.01 0.78 - 0.01 0.11 0.12 '

Ihorium-22a < 0.05 (a) . . - - (.) - - -

Ihortims-23o < 0.05 (a - - - - a - - - ;

| Iturium-232 < 0.05 (a - - - - a - -
.

- I

! Cestim-131 < 0.08 - - - - - . - - - - L

' 702 [y fp0 ~lotal

| g Saarle Identification: A-280-5-6
i
'

Had i tme- 22t> 1.lt0.2 0.41 0.03 G.ul 0.47 9.79 - 0.04 0.00 0.84 !

1 Radiina.228 0.85:0.11 0.13 0.01 0.05 0.25 3.80 - 0.01 0.68 0.69 i

St e un t tian. 90 < 0.01 - - - - - - - - -.
*

Usanismia 214 0.32:0.11 0.01 - - 0.01 0.69 - 0.01 0.12 0.13
Us antian 2 35 0.09:0.05 - - - - 0.17 - - 0.03 0.01
Uraniaan-213 0.1310.06 - - - - 0.25 - - 0.04 0.04

. Ituriin.223 < 0.05 (,) - - - - (,) - - - .

I ilustum-2k) < 0.05 (,) - - - - .) - - -

I t hor lima.y jy < 0.05 (a)
- - - - - a) - - -

- - - - - - -
.

l Ces6ime.gjf 0.15:0.03 -

| iotai 5.73 14IN [[N
I(a) ICHP-lu classifies ti.oriumi tempinants as Y asul W type.

r

i

i

}.

f

t; l __. . l _.. I- !^ t __. 2 L._ .J L -__ . * UU3 IW * C Ci 8 'A} ~bd.

- __ - - . . _ . . . . . - . . . - . . . - _
_ _ _ _ _ _ _ _ _ __ _ _ _ _
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|
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! t

i

j I Aut E C-5

i Saugile identification: A-285-5-6

j !almsuse to tione (m_i:cm/yr) jnysuse to lung,(saemfyrl
I type ul Jk t ivity Clearance Hate Clearaise Rate
! Analysis (pCi/q D ~~W ~V.-- - -

d.a y)- --- - -- - .estion D W ~~f'--~ lutallotal In9-.-

-..._ --
---

| H.silline-226 0.31:0.05 3.12 0.01 0.01 0.14 2.76 - 0.01 0.23 0.24
i ka.li u.a- 228 0.33:0.04 0.05 0.03 0.02 p.10 1.48 - - 0.26 0.26
| Sieontina.90 < 0.01 - - - - - - .- - -

. ile anlieu- 211 < 0.05 - - - - - - ,- - -

'! Uraniese 215 * 0.05 - - - - - - - - -

0 au t una.2 38 5 0.05 - - - - - - - - -,

ll4ar luus-228 0.19 0.01 (a) 0.uti 0.01 0.09 0.0! (a) 0.03 0.18 0.21
lloe itsu.2 30 0.18t0.08 (4) 0.29 0.11 0.40 0.16 (4) 0.06 0.06 0.06
Ilmw iima-2 32 0.1610.07
Cestine 13/ < 0.08 -(a) 0.29 0.11 0.40 0.33 (a) - 0.06 0.06

- - - - - - - -

lotal 'I'.13 5.~0d ~ T830

o Sangile filesillf icatioen: A-sola 6'

s

M Radismia- 226 < 0.5 - - - - - - - - -

Radium-22tl < 0.10 - - - - - - - - -

5t s unt iima - 9) < 0.0) - - - - - - - . -

j Uraniime-214 < 0.05 - - - - - - - - -

1 Usaniaan-215 < 0.05 - - - - - - - - -'
Urasilisia.218 < 0.05 - - - - - - - - -

Ilor tian-2/8 < 0.05 (a) - - - - (a) - - -

limrium- 210 < 0.05 (a) - - - - (a) - - -

liioi lime- 2.12 < 0.05 (a) - - - - (a) - - -

Cestian-lj/ < 0.06 - - - - - - - - - ,

lotal - - -

(a) IlkP- 10 classifies timriaan compuan 6 v. f asul W type.
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IAutt C-5

5asyle identificattori: A-401 5-6

!!1,ususetotione(autnifyr) bgqure_tolung.inug/yr)
lyse ut Activity Clearasite R.tte Clearance State
Analysis (pCl/g dry) O ~F - ~ f lotal intaes t iusi 0 W ~ 1 - -- ~ lutal

Radium-226 < 0,5 . . . . . . . - -

Radiamm-22H < o go . . . . . . . . .

St e un t i smu- 9'l 0.22:U.10 - - - - 1.92 - - - -

Un asit uiu-2 34 < 0.05 - - - - - - - - -

U. an i san- 21'* * 0. 6 - - - - - - - - -

Uranismii-2 3tl < o,og . . . . .

.(a) . . .

. . .

Iluw iima - 22H < o,g (a) . . . .

liiuriima 2 tu 0.4210.10 {a| 0.68 0.26 0.94 0.ut (a) 0.01 0.14 0.15,

Ilwis iime-2 32 0.5310.11 las 0.97 0.36 1.33 1.10 (a) 0.01 0.20 0.21
Ces iima- 131 0,37 0,04 . . _ _ 0.04 - - - -

lutal f.D 1.~96 d.'35

Sai.gste Idi ntit tut tun: A-415-5-6

9 Haditan-226 1.110.4 0.64 0.05 0.04 0.13 15.13 - 0.06 1.24 1.30
u Radlimu-228 1.9i0.3 0.29 0.15 0.11 0.55 8.49 - 0.03 1.53 1.56j

St ront iima- 90 0.24:0.13 - - - - 2.au - - - -

Us antiam 214 0.83i0.22 0.02 0.01 - 0.03 1.18 - 0.01 0.32 0.35
Usantime-23S 0.06:0.02 - - - - 0.12 - - 0.02 0.02
Ueanlaan-Z ul 0.81t0.22 0.02 - - 0.02 1.57 - 0.02 0.23 0.35
Iliurlian.2?f; < 0.05 (4) - - - - (a) - - - i

linus lia. 2 30 < 0.05 (a) - - - - (a) - - -

liusriuin-212 < 0.05 (a) - - - - (a) - - -

res tian.131 1.1t0.1 - - - - 0.25 - - - -

Iotal D1 29.44 E48

(a) ILHP ~lo classifies Lleurisme ningneunJs as Y and W type. |
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I Act L C-5
.

Sample Identifliation: A-421-5-6

[mg,osure to lione (sp einfyr} h posure,Q lung _(ans g yr)
lype of Activity Clearance Rate Clearance llate

. _Cl/q dry) D -"lT '~ f .(p
- . _

. Analysis- - - - - - tota.- _ _-
----.l. Ingestion 0 W ~~~f~~-~~ !atal__

Nadiim-2/6 < 0.5 - - - - - - - - -

Nadlemu-228 0.81:0.12 0.13 0.01 0.05 0.25 3.89 - 0.01 0.10 0.715I'''nt oaan m 1.5i0.2 0.01 0.01 - 0.02 13.12 - - 0.01 0.01U' d"I''"~ 2 34 3.9i0.6 0.11 0.03 0.01 0.15 d.33 - 0.13 1.48 I.61Uranit* 235 0.20to.12 - - .- - 0.39 - 0.01 0.06 0.01un an tima- 213 0.IIt0.03 -

Ilert e22ft 0.05 (a)
- - - 0.21 - - 0.03 0.03
- - - - (a) - - -llerlian 210 < 0.05 (4) - - - - (a) - - -

Ilorlie 232 < 0.05 (a) - - - - (a) - - -

f es tian- 131 3.Oro.1 - - - - 0.b9 - - - -

Total E4'f fdTM E4)
? Sample identificatiosa: A-427-5-6
on
O Nadiame-226 < 0.5 - - - - - - - - - ,

Hadlima.228 0.710.14 0.12 0.06 0.04 0.22 3.44 - * 0.01 0.62 0.bs
Stiontiima-90 < 0.03 - - - - - - - - -

Os anism 214 < 0.05 - - - - - - - - -

th anisan-235 < 0.05 - - - - - - - - -
'

Uranlim 23H < 0.05 - - - - - - - - - y
lleur lim-22f; . 0.05 (a) - - - - (a) - - - v' A
II.oe lima.210 < 0.05 (a) - - - - (a) - - -

llorleau 2.12 < 0.05 (4) - - - - (a) - - -

Cesiiu-13/ < 0.08 - - - - - - - - -

total C2t f44' E61
(a) Ilki'-30 classifies tiou tian toapounJ; as Y an.1 W type.
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fflesuse to Bone (arre/yr) hpusuretotung.(meemfyr),
lype ul Activity Clearance Rate Clearance HateAnalysi_s (pCl/w dry) 0 ~T --~ f lotal Ingestion D W ~~T ~~~

lotal
0.5 - - - - - - - - -RaJiima-226 *

* 0.10 - - - - - - - - -

' Raditan-22ft
Striant6um-99 0.11:0.02 - - - - 0.96 - - - -

. Usantian-2)I 0.33:0,14 0.01 - - 0.01 0.71 - 0.01 0.12 0.13He'afilian 23', 0.05t0.03 - - - - 0.10 - - 0.02 0.02
Urantimu-?t3 0.2630.13 0.01 - - 0.01 ' O.50 - 0.01 0.07 0.080.05i Itwrium- 22ft * (,) - - - -

* 0.05 - - - -
(,) - - -

Ihuritan-230 ,

Ituaritma-2 32 O.05 - - - -

p, - - -
'

, -
< i

- -

Cesium-13/ 0.08 - - - - - -

,
- - -

Iotal E02 M.I ~M0:
()

& Saucle Identification: A-!!6-5-4
to

Radstan-226 < 0.5 - - - - - - - - -

; Railitan-220 0.2$to.15 0.04 0.02 0.01 0.01 1.12 - - 0.20 0.204

St runt time-90 < 0.03 - - - - - - - - -

Uraniaan 2)I < 0.05 - - - - - - - - -

Uraniian-t h 4 0.05 - - - - - - - - -

Urantian 2WI < 0.05 - - - - - - - - -

limri au.22tl < 0.05 (a) - - - - (a) - - -

Iluiriu 210 < 0.05 (4 - - - - (,) - - -
,

limriema 23! < 0.05 (a - - - - - - -

Ces tian- ni < o.0a - - - - - -(a) - - -

fotal 'Oli },] y.j
(a) ICMP-lJ classilles tierium congiounJs as V and W Lype.

.

I . L,., ' . . . - ' - l- -- - - - - - - - -----+8 4 '-- ' ^ * - - ""* **
'
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- - - - . -

o gsw ..
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I Adt L 0-7

! 'Samiple identification * A-133-5-4
ExpossetoBone{merm/yr) ExposuretoLung_innes/yrl

,
1

lype of A4.tivity Clearance Rate Clearance Rate
D ~~ ~lf ~~I Total D W ~~T Iotal

. Analysis (pCl/9 dry)-
- - - - -. in..ines t lun. - - -

.

,

- - - -- . . -

Radissu-226 0.5 - - - - - - - - -*

! Raditan-228 0.73*u.14 0.11 0.06 0.04 0.21 3.26 - 0.01 0.59 0.60
Strontitmu '10 < o,03 - - - - - - - - -

lii aniimu-2 31 < o,oS - - - - - - - - -

Uraniime 235 < 0.05 - - - - - - - - -,

Un asilian-2 33 0 .(15 -*

Ilusr itna- 228 < 0.05 (a)
- - - -

}a)
- - -

- - - - - - -

liior itmu-2 30 ' O.05 (a) - - - - la - - -

iluir itan-212 < 0.05 (a) - - - - (a - - -

Ces t aan-131 < 0.utt - - - - - - - - -

~ '.21 336 iTolutal "0

n Saucle identification: A-134 5-4
e

m
W Hadiana-226 0.5 - - - - - - - - -<

Raditam-2211 0.10 - - - - - - - - -<
Struntitan-90 0.03 - - - - - - - - -<
Usanjum-234 0.05 - - - - - - - - -<
tiraniima-215 0.05 - - - - - - - - -.
liran tina-2 38 0.05 - - - - -

-(a)
- - -.

lluirium 226 0.05 (a) - - - - - - -<
> lhorium.230 0.210,16 (a) 0.31 0.13 0.47 0.42 (a) 0.01 0.07 0 . 0 11
I t hor tian-232 0.34,0.20 (a) 0.62 0.23 0.85 0.70 (a) 0.01 0.13 0.14

Ces timu-137 0.12:0,04 - - - - 0.03 - - - -

lotal M2 tilf [g
(a) ICRP-30 class 6fies ti.ortima cumpounds as V and W type.

.

e
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'I Abt L C-1

Sample Identification: A.140-5-4
L81msure to bone ba ps]yr} Laposuge_t_o lung (naem/yr)

lype of A tivity Clearance Mate Cleas arKe Rate
_Ana. l. y s..i s. (pCi/9 dry) D ~~ lf ~~f Total ingestion D W ~' V lotal

.

Radlimi-2?ti 1.lio.3 U.41 0.03 0.03 0.41 9.19 - 0.04 0.80 0.84
Radium-228 0.42su.18 0.06 0.03 0.02 0.11 1.88 0.01 0.34 0.35-

5trantium 90 < 0.03 - - - - - - - - -

Usanitaa-234 0.5310.10 0.01 - - 0.01 1.14 - 0.02 0.20 0.22
Ui an tian-235 0.01:0.02 - - * - - 0.14 - - 0.02 0.02
Us anlum 2Ill 0.1010.19 0.02 - - 0.02 1.36

-(a) . . .

0.02 0.20 0.22
Ilmar itmu-228 * 0.05 (a) - - . .

liiortun 230 < 0.05 (a) - - - - a . . .

Ihor itan-2 32 0.83t0123 (a) 1.52 0.56 2.08 1.12 a 0.02 0.31 0.31
res tian-131 * 0.08 - - - - - - - - -

Iotal Q) IC61 Q
i n

e
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I Alti t Cd

Sample identification: A-088-5-6

hl'O.sure ta Bone (mymfyr} bposus e to l ung_(n.s eafyrj
.

Type of Astivity Cleasance Rate Cleasance Rate
.nalysis (pC.i./q de--s) D ~lT 'IA - - - - - - _ o.- - Ingestion in W ~V lotall tal

-

j Hadiame-226 < 0.5 - - - - - - - - -

t kadium-228 < 0.10 - - - - - - - - -

Steunttim-90 < 0.03 - - - - - - - - -

Uranita-234 < 0.05 - - - - - - - - -4

. tie nsilian-2 35 < 0.05 - - - - - - - - -

U antina 238 < 0.05 - - - - - - - -

i linarlian-228 < 0.05 (a) - - - - (a) - - -

Ituaritan 230 < 0.05 (4) - - - -

! Ilwir time-232 < 0.05 (a) - - - -
(a) - - -,

fesium-137 < 0.08 - - - - -
(a) - - -

'
- - - -

Iotal 0 0 0
0

4 Sample Identification: A-102-5-6
un

Radissu-226 < 0.5 - - - - - - - - -'
Radiams-228 < 0.10 - - - - - - - - -

! St ron t itan-90 < 0.03 - - - - - - - - -

Us an tim-2 34 < 0.05 - - - - - - - - -

Usantim-23s * 0.05 - - - - - - - - -

Usantime 238 < 0.05 - - - - + - - - -

Iluiritan-228 < 0.05 (a) - - - - (a) - - -

Ilmarlian 230 < 0.05 (a) - - - - fa) - - -

Ilmaritme-232 < 0.05 (a) - - - -

Cestin-131 < 0.08 - - - - -
(a) - - -

- - - -

Iotal 0 u 0<

(4) ICHP-3ti s.lassifies tiios lian coeupotuids as T anal W tyise.
A

t
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i Alli E C-8

Sauspie identifIcattoen: A.333 5 6
Lalmosure to Bone _(magjgr1 [mp_usure to Lung _(m.em/gl

type of Activity
' -~ Clearance Rate Clearance Rate

Analyd s (pCl/g dry) D W V intal in9estion D W Y Iutal

i Radlem-?t6 < 3.5 - - - - - - - - -

Raditmi-228 0.50,0.19 0.08 0.04 0.03 0.15 2.24 - - 0.40 0.40
5t rient ismu-90 < 0.03 - - - - - - - - -.

i us assiam -234 < 0.05 - - - - - - - - -

Uraniaan-235 < 0.05 - - - - - - - - -

Ue an iim:n- 2 38 * 0.05 - - - - - - - - -

lluir iim-2211 < 0.05 (a) - - - - (a;j - - -

Itan lim-210 < 0.05 - - - - p - - -
.

Ilun lian.2 32 < 0.05 - - - -

,
res itan- 131 < 0.08 - - - - -

g - - - +

- - - 3

I D'.'l b 2'.~ 24 OOIuta1
i

* Saucle Idesitificattori: A-134-5-6 ,
., s ~

1

Radium-?z6 < o,5 _ _ . . . . . . .

kad itan-220 0.46 0.14 0.07 0.04 0.03 0.14 2.06 - 0.01 0.31 0.38
St r ont iin 9) < 0,03 . . . . . . . _ -

Uraniima-214 0.2910.13 0.01 - - 0.01 0.62 - 0.01 0.11 0.12
Uran tima-2 35 < 0.05 - - - - - - - - -

Us an tian-2 38 0.46t0.36 0.01 - - 0.01 0.89 - 0.01 0.39 0.40
llu>r iam- 2?fi < 0.05 (e) - - - - .) - - -

lhor lina- 2 30 < 0.05 (a - - - - a) - - -

Iluie ita-232 < 0.05 (a - - - - a) - - -

| Ces tian- 131 < 0.06 - - - - - - - - -

i lutal O'.~1 t> '3751 U~9ti
I (a) ItkP-30 classifies timoritmii tosugaousids as V asul W tygne. |
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I Alill C-9 .

t

Sample identification: B-001-5-0

!"id!suge 19 pope jm!$m/y!} { ming!s!e to tis!ig (m! mfyr)
lype of Activity Clearance Rate Clearance Rate

.A.n. .a. l. y s. .i s- (pCl/g dry) D ~~ Y ~~~ ~ f lotal leigestion D W f lotal

Hadium-226 1.0t0.3 0.37 0.03 0.02 0.42 8.90 - 0.04 0.73 0.77
Haditam-228 1.390.25 0.20 0.10 0.08 0.38 5.81 - 0.02 1.05 1.07
Strontitma 'yJ < 0.03 - - - - . - - - - -

Usaniuiu-234 1.04:0.51 0.03 - - 0.03 2.24 - 0.03 0.39 0.42
Uraritime-235 0.08:0.04 - - - - 0.16 - - 0.02 0.02
0: an limu-2 311 0.59,0.37 0.02 - - 0.02 1.14 - 0.02 0.17 0.19
Iluir itan-228 1.3t0.04 (a) 0.0b - 0.05 0.05 (a) 0.02 0.12 0.14
lher 6 6ma- 210 < 0.05 (a) - - - - (a) - - -

lhurium-232 0.1110.05 (a) 0.20 0.01 0.27 0.23 - 0.04 0.04
Ces iima- 137 1.89:0.40 - - - - 0.13 -(a) - - -

Iotal !!. !. 7 _18_T.9_4_ 2.~6$_. _ -._g
s
o) Sainpit. Idetiti f icationi: B-002-5-0
to

Raditan 226 < 0.5 - - - .- - - - - -

Nadiiun-228 0.76t0.22 0.12 0.06 0.05 0.23 3.49 - 0.01 0.63 0.64
Stsontiaa.90 < 0.03 - - - - - - - - -

Us an iaan-2 34 1.68t0.25 0.05 0.03 - 0.06 3.61 - 0.06 0.04 0.70
Oranisan 23*, 0.11 0.07 - - - - 0.21 - - 0.03 0.03
Hran time-2 38 1.1910.22 0.03 0.01 - 0.04 2.31 - 0.03 0.34 0.37

4 0.05 i;a) - - - - i;a)
- - .-

1horitmu-228 - - -

< 0.05 [a) - - - - pa)
- - -

Ihuriimm- 2 30
4 0.05 [a) - - - - p,)

- - -

lluir limu-2 32
< 0.08 - - - - - -'n.siin 137

Ingal O' 33 93f 1.74!

(a) IfRP-10 classifies timoritan compoimuis as Y arid W type.

,

.- ._ _ . . _ . . - - . . . - . - . _ , - _ - . . _ . . .
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Saniple identilltati'Hi: 8-018-5-0

Diosuretohone(naw/yrj hposus e to lunt (nupefyr}
lype of Attivity Cleas ante Rate Clearance kateAna}ysis (pCl/q dry) D -W ~I lotal Inieest ion D W "Y Total

Radiinn-??6 5.3t0.5 1.98 0.15 0.13 2.26 47.17 0.01 0.19 3.88 4.08NJdiLaa-??8 2.94to.it 0.45 0.24 0.17 0.86 13.14 - 0.04 2.37 2.41St r ont iwn-90 0.1210.07 - - - - 1.05 - - - -De anlaan 231 5.42 0.65 0.15 0.04 0.02 0.21 11.65 - 0.18 2.06 2.24Uran i tan-2 35 0.ti8: 0. 23 0.02 - - 0.02 1.32 - 0.02 0.21 0.23Urasiltmu-23tl g,39:0.33 0.04 0.01 - 0.05 2.70 - 0.04 0.40 0.44lloritan- 22ft 0.06:0.03 [a) 0.02 - 0.02 0.02 (a) 0.01 0.06 0.07linsritan-230 0.22:0.09 fa) 0.35 0.13 0.48 0.44 (a) 0.01 0.07 0.08Ilor iaan-232 0.20io.12 l'a) 0.37 0.14 0.51 0.41 (a) - 0.08 0.00Ces t aan.131 0.65t0.07 - - - - 0.15 - - - -

Iotal ~ T4'l E 05 'J.~6 34

L. 4 ale identification: 8 019-5-un
O Radiuni-226 4.310.6 1,61 0.12 0.11 1.84 38.27 - 0.16 3.15 3.31N Radiuin-223 0.85i0.24 0.13 0.07 0.05 0.25 3.80 - 0.01 0.68 0.69St e un t i u.n-9tl < 0.03 - - - - - - - - -

Ue asilian-214 3.64i0.37 0.10 0.03 0.01 0.14 7.83 - 0.12 1.39 1.51Uran timn.215 0.4610.13 0.01 - - 0.01 0.89 fl.01 0.14 0.15-

Urantinn-2la 0.74:0,17 0.02 - - 0.02 1.44 - 0.02 0.21 0.23lin>rtian 228 < 0.05 (al - - - - (a) - - -

Ihorismu.230 < 0.05 (aj - - - - - - -

Iliuritan !32 < 0.05 1,a j - - - -
(a)

lesismu ill 0.23:0.05 - - - - 0.05 -(a)
- -

- - -

lotal 2726 SY.h 5|89
(a) ILkP- 10 classifies lisoi itain conipousids as V avid W tyle.
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Sagile identificat ion: 15-020-5-0

DiosuretoBone(mree/yrl
lype of Activity Clearance Rate Dposuae to lung _(egafyrl
Ana)ysis (pCl/g dry) D -'W --'V lotal inuestion D W ~ ?

''~~'~

total
Clearance Nate

Haditam-226 39t4
Radium-228 14.57 1.10 0.97 16.64 34/.10 0.05 1.42 28.57 31.04

i

I.63ro.21 0.25 0.13 0.10 0.48 7.29 - 0.02 1.31 1 33
5trontiimm 90 < 0.01 - - - - -

- - - -

Us an tiam-211 0.54tu.15 0.02 - - 0.02 1.16 - 0.12 0.20 0.32
Uranitua-2 35 < 0.05 -

Uraniima 218 < 0.05
- - - -

- - - -'
l hor ii.a- 22ft

- - - - -
- - - -* 0.05 (e) - - - - (a) - - -

i Ihurluin-210 0.33to.08 (a) 0.53 0.20 0.73 0.L6 (a 0.01 0.11 0.12
lhur itmu-232 .c 0.05 (a) - - - - (a)) - - -
Cesitan-131 0.52:0.06 - -

n Intdl
- - 0.12 - - - -

~ '[~d IsC331e

3E8iM Samiple identification: B-020-A-5-0

Radium-226 6.4 1.2 2.39 0.13 0.16 2.73 56.96 0.01 0.23 4.69 4.93Raditma-228 < 0.10 - - - - -
- - - -Strontiimu 90 < 0.03 - - - - -i

Urantamu-214 7.54:0.94 0.21 0.06 0.02 0.29 16.21
- - - -

Urani um-235 0.97 0.34 0.02 0.01 - 0.03 1.88
- 0.25 2.86 3.!!

Uranitan-2 38 1.8210.41 0.05 0.01 - 0.06 3.53 - 0.05 0.52 0.57

- 0.03 0.30 0.33
lhus num-?28 < 0.05 (a) - - - -

(a) - - -lhor itan-2JO 0.1010.04 (a) 0.02 0.0L 0.03 0.02lhoritmu-2.s2 < 0.05 (a) - - - -

(a) - - -

(a) - - -

Ces itan- 131 0.60to.08 - - - - 0.14 - - - -lutal 5. 4 11i.M
(a) llRP-34) classifies thoritan compoimids as V anJ W type.
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TABLE C-9 J. b*
'j

'' S f''M b 'Sample Identification: B-020-B-5-0 _

Expcsure to Bone _(mrem /.yd ExposuretoLung(mrem /yrl
Type of Activity Clearance Rate Clearance RateAnalysis (pC1/9 dry) D W V Total Ingestion D W Y Total

;
_

,

:
Radium-226 13.1+0.8 4.89 0.37 0.32 5.58 116.59 0.02 0.48 9.60 10.10 !Radium-228 0.9110.21 0.14 0.07 0.05 0.26 4.07 - 0.01 0.73 0.74Strontium-90 0.14t0.06 - - - - 1.22 - - - -

-

Uranium-234 6.74t0.51 0.19 0.05 0.02 0.26 14.49 - 0.22 2.56 2.78Uranium-235 0.5410.2- 0.01 - - 0.01 1.05 - 0.02 0.17 0.19 i

i

Uranium-2 38 1.2310.21 0.03 0.01 - 0.04 2.39
-(a) - - -

;

0.04 0.35 0.39Thorium-228 < 0.05 (a) - - - -

Thorium-230 0.1210.05 (a) 0.19 0.07 0.26 0.24 (a) - 0.04 0.04Thorium-232 0.1120.08 (a) 0.20 0.07 0.27 0.23 (a) - 0.04 0.04Cesium-131 0.1320.04 - - - - 0.03 - - - -
,Total GC RG UC I

*
Sample Identification: B-021-S-0

i

Radium-226 3315 12.33 0.93 0.82 14.08 293.70 0.04 1.20 24.18 25.42Radium-223 1.03t0.19 0.16 0.08 0.06 0.30 4.60 - 0.01 0.83 0.84Strontium-90 < 0.03 - - - - - - - - -

Uranium-234 ll.3t0.7 0.3t 0.08 0.03 0.42 24.30 - 0.37 4.29 4.66Uranium-235 0.98t0.22 0.02 0.01 - 0.03 1.90 - 0.03 0.30 0.33Uranium-238 1.00t0.22 0.02 0.01 - 0.03 1.94 - 0.03 0.28 0.31Thorium-228 0.08t0.05 (a) 0.03 - 0.03 0.03 (a) 0.01 0.15 0.16Ihorium-230 0.4710.12 (a) 0.76 0.28 1.04 0.94 (a) 0.01 0.15 0.16Thorium-232 < 0.05 (a) - - - - (a) - - -

Cesium-137 0-26t0.04 - - - - 0.06 - - - -

Total 15.93 327.47 mg ;
(a) ICRP-30 classifies thorium compounds as Y and W type. '
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TABL E C-9

Sample Identification: B-022-5-0
Exposure to Bone (arem/yd Exposure to lung (arem/yr)

Clearance Rate
Type of Activity Clearance Rate W Y Total
Analysis (pCl/q dry) D W Y Total Incestion D

__

Radium-226 24.211.3 * 9.04 0.68 0.60 10.32 215.38 0.03 0.88 17.73 18.64

Radium-228 0.10 - - - - -
- - - -

*

Strontium-90 0.01 0.05 - - - - 0.61 - - - -

Uranium-234 28.5 t 1.6 0.79 0.21 0.08 1.08 61.28 0.01 0.94 10.82 11.77

Uranium-235 0.49t0.04 0.01 - - 0.01 0.95 - 0.02 0.15_ 0.17

Uranium-238 1.96:0.52 0.05 0.01 - 0.06 3.80 - 0.06 0.56 0.62

Thorium-22R 0.06t0.04 (a) 0.02 - 0.02 0.02 (a) 0.01 0.06 0.07

Thorium-230 0.1810.06 (a) 0.29 0.11 0.40 0.36 (a)
- 0.06 0.06

p Thorium-232 0.05t0.04 (a) 0.09 0.03 0.12 0.10 (a)
- 0.02 0.02

Cesium-131 0.1010.02 - - - - 0.02 - - - -

Tf~35
^

m
12.01 787.Tf

I Total

Sample Identification: B-023-5-0

Radium-226 5.0t0.5 1.87 0.14 0.12 2.13 44.50 0.01 0.18 3.66 3.85

Radium-228 0.84t0.20 0.13 0.07 0.05 0.25 3.75 - 0.01 0.68 0.69
-

Strontium-90 0.03 - - - - - - - -'

Uranium-234 2.02:0.28 0.06 0.01 - 0.07 4.34 - 0.07 0.77 0.84*

Uranium-235 0.26t0.10 0.01 - - 0.01 0.50 - 0.01 0.08 0.09

0.8720.18 0.02 - - 0.02 1.69 - 0.02 0.25 0.27

Thorium-228 0.05 (a)
- - - ~ (a)

~ ~ ~

Uranium-238 *
~ ~

~

0.05 (a)
- - - - (a)f, Thorium 230 *

Thorium-232 0.05 (a)
- - - -

(a)
~ ~ ~

, ~ ~ ~ ~
-

- - -
,

, 0.08 - M f
[ Cesium-137 M M

Total
(a) ICRP-30 classifies thorium compounds as Y and W type.

'.

2 ?'?;.*N ,- $-,

. ..'
. ' . ' , .' ,

. ' . j" ' *
.

-
3

-,
,

I
.

~ **"9 + *w e- .,, ,

g , _ '] ,
f n . . ,

-- . . ._

m



. a.. .. . - - .. w -- , ; _.. . . ; :. .; .. ; , _ . , _ _ ,,a.,, ,,,
-

-3_--*. .a, m. _ .
' -

q.- - - - -~ ~~

. L .1 ,.
. ..] i_ , i.
, ,-- r -- ~ r-- g-

- . .
. .

.

1
.

.

4

~

1 ABL E C-9

Sample identification: B.024 5 0
[xposure to Bone (mrem /yd Exposure to Lung (mrem /yrl

Type of Activity Clearance Rate Clearance Rate

Aglyg gC1/qdry) D W Y Total Incestion D W V Total'
'

Radium-226 2497111 932.88 70.66 61.92 1065.46 22223.30 3.12 90.64 1829.30 1833.16
0.08 4.35 4.43Radium-228 5.40f0.43 0.83 0.43 0.32 1.58 24.12 -

5trontium-90 0.1920.09 - - - - 1.66 - - - -

Uranium-234 600:32 16.68 4.38 1.74 22.80 1290.00 0.31 19.80 227.82 247.93
Uranium-235 70.023.5 1.85 0.49 0.20 2.54 135.80 0.04 2.16 21.54 23.74 4

'

0.07 0.03 0.38 21.34 - 0.32 3.13 3.45Uranium-238 11.0t1.4
0. R)8(a 0.10 0.02 0.12 0.09 (a) 0.03 0.23 0.26Thorium-228 0.2410.08

Thorium-230 20.6tn.7 (al 33.20 12.52 45.72 41.41 (a) 0.66 6.64 7.30
Thorium-232 0.4410.11 (al 0.80 0.30 1.10 0.91 (a) 0.01 0.17 0.18
Cesium-137 1.83:0.11 - - - - 0.42 - - - -

*

Tots 1 TIT 4'/5 '2'1739 U7 fiTTE ,

Sample Identification: B-025-5-0

p Radium-226 108.0+2 40.25 3.06 2.68 46.09 961.20 0.14 3.92 79.12 83.18

g Radium-228 1.3420.24 0.21 0.11 0.08 0.40 5.99 - 0.02 1.08 1.10

Strontium-90 < 0.03 - - - - - - - - -

Uranium-234 62.6t3.1 1.74 0.46 0.18 2.38 134.59 0.03 2.06 23.77 25.86

Uranium-235 0.2320.06 0.01 - - 0.01 0.45 - 0.01 0.07 0.08

Uranium-238 1.7620.54 0.04 0.01 - 0.05 1.41 - 0.05 0.50 0.55

Thorium-228 0.1520 06 (a) 0.06 0.01 0.07 0.06 (a) 0.02 0.14 0.16,

Thorium-230 0.4910.10 (a) 0.79 0.30 1.09 0.98 (a) 0.02 0.16 0.18 +

'

Thorium-232 0.1010.05 (a) 0.18 0.07 0.25 0.21 (a) - 0.04 0.04

Cesium-137 - 0.2720.04 - - - - 0.06 - - - -
8

W 34 Trot'E 111.15
Total
(a) ICRP-30 classifies thorium compounds as V and W type.
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TABLE C-9 '
I

|
Sample Identificat'on: 8-026-5-0 ~

.
,

Exposure to Bone (mrem /yr) Exposure to tung (mrem /yr)
Type of Activity Clearance Rate ; ,
Analysis (pCi/q dry) D W Y Total Ingestion D W

~~~ Clearance Rate
'

i*
V Total |

Radium-226 17.721.0 6.61 0.50 0.44 7.55 157.53 0.02 - 0.64 12.97 13.63Radium-228 0.6610.21 0.10 0.05 0.04 0.19 2.95 - I 0.01 0.53 0.54 ;
Strontium-90 0.1610.13 - - - - 1.40 - - - . -

Uranium-234 8.1711.06 0.23 0.06 0.02 0.31 17.56 - 0.27 3.10 3.37 '

Uranium-235 0.14t0.07 - - - - 0.27 - - 0.04 0.04 * '

Uranium-238 0.7020.31 0.02 - - 0.02 1.36 - 0.02 0.20 0.22
,

Thorium-228 0.08:0.05 (a) 0.03 - 0.02 0.02 0.01 0.08 0.09 )g,)Thorium-230 0.5210.13 (a) 0.84 0.32 1.16 1.04 0.02 0.17 0.19
Thorium-232 0.25t0.09 (a) 0.46 0.17 0.63 0.52 g,

0.01 0.09 0.10 1Cesium-137 0.510.06 - - - - 0.12 I,
- - - J

Total 9.89 1A2.77 18.18
o
$ Sample Identification: B-027-5-0

fru

Radium-226 442 5 165.13 12.51 10.96 188.60 3933.80 0.55 16.04 323.81 340.40
* Radium-228 < 0.10 - - - - - - - - -

Strontium-90 < 0.03 - - - - - - - - -

Uranium-214 99.412.8 2.76 0.72 0.29 3.77 213.71 0.05 3.28 37.74 41.07
Uranium-235 6.1320.69 0.16 0.04 0.02 0.22 11.89 - 0.19 1.89 2.08
Uranium-238 2.04 0.40 0.05 0.01 - 0.06 3.96 - 0.06 0.58 0.64
Thorium-228 0.1120.07 (,) 0.04 0.01 0.05 0.04 0.02 0.10 0.12

(, 6.49 2.45 8.94 8.10 ) 0.13 1.30 1.43Thorium-230 4.03:0,43

(,f 0.68 0.25 0.93 0.76 I,I 0.01 0.14 0.15
;Thorium-232 0.3720.13 .

(a) . .Cesium-137 < 0.08 - - - - - .

Total 70E57 4172 26 385 89

(a) ICRP-30 classifies thorium compounds as Y and W type.
.
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Sample identification: B-034-5-0
I I !"HWF.e tg.Uys Jmrtmfyr) {nposure to lung Jms emfyrl -

lype ot~ Activity Cleas erne Hate Clearance RateAnalysis (pCl/q dry) D "Y ~ ~ ~ ~ f futal Ingestion D W "T"''- lutal
kaJ i tan- 2/6 66:2 24.t.6 1.87 1.t,4 28.1/ f.87.40 0.00 2.40 48.35 S0.83

! R.sJiuse.228 1.01su.16 0.16 0.09 0.06 0.31 4.78 0.02 0.86 0.88-Strontline 90 0.24:0.08 - - - - 2.10 - - - -uranium-2 34 157:4 4.36 1.15 0.46 5.97 337.55 0.08 5.18 59.61 64.87Ur anitw-2 35 9.94st.04 0.26 0.07 0.03 0.36 19.28 0.31 3.06 3.37-
Us aniusa-2 38 41.2:0.7 1.05 0.28 0.11 1.44 19.93 0.02 1.21 11.73 12.96'

lieus itan-228 1.26:0.78 (a) 0.51 0.08 0.59 0.48 (a) 0.18 1.21 1.39lhoritam-230 29.0 8.3 (a) 46.74 17.63 64.37 58.29 (a) 0.93 9.35 10.28limer time-232 1.2610.74 (a) 2.31 0.86 3.17 2.61 (a) ,,0.04 0.48 0.52Ces itan- 137 1.16 0.06 - - - - 0.27 - - - -

Total 'l04.38 1612.'63 ~ '4Cid1

Sang 41e Identification: B-035-5-0

Naditw 226 b32:4 193.76 15.06 13.14 227.01 4734.80 0.66 19.31 389.74 409.71
Itadium-228 9.7110.47 1.49 0.78 0.58 z.85 43.40 - 0.14 7.82 1.36
Strontium-90 1.12:0.11 0.01 - - 0.01 9.80 - - - -

n urantum-231 121:3 3.36 0.88 0.35 4.59 260.15 0.06 3.99 45.94 49.99$ Us anitau-2 35 11.9:1.1 0.31 0.08 0.03 0.42 23.09 0.01 0.37 3.66 4.04ch Uran timu-2 38 2.75:0.55 0.07 0.02 0.01 0.10 5.34 - 0.08 0.78 0.66
ihoriuin-228 0.u9,0.15 (4) 0.36 0.06 0.42 0.34 [a) 0.12 0.85 0.97

'

Ihur itan- 230 1.11:0.19 (a) 2.27 0.86 3.13 2.83 pa) 0.04 0.45 0.49
: Ihoitum-232 0.65:0.19 (a) 1.19 0.44 1.63 1.34
i festua-13; 6.14:0.17 - - - - 1.41 -[a)

0.02 0.25 0.27
0.01 0.01 .

j luIaI fj{lf N g 10 ff,fu

(4) Itw-w classieles ilm,rtim iwi.ounas as y ana w type.
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I Abl E C-9

Sample idrntification: B-044-5-0

blesure to Bone (a.semfyr) Dgiosure, to lung,(mrem /yr}

lype of Ac tivi t y Clearance Rate Clearance Rate
Analysi (pCl/q dry) 0 ~ lI - ~ ~~f lotal In9estion 0 W ~T Total

Raditaa-22b 1613 5.98 0.45 0.40 6.63 142.40 0.02 0.58 11.72 12.32
Aadium-228 1.44:0.35 0.22 0.12 0.08 0.42 6.44 - 0.02 1.16 1.18
S t r unt ium. W 0. h o.03 - - - - 0.10 - - - -

Hraniima-234 34.8:1.3 0.97 0.25 0.10 1.32 14.82 0.02 1.15 13.21 14.38
U antian-235 1.56,0.43 0.04 0.01 - 0.05 3.03 - 0.05 0.48 0.53
Urantia.i 213 3.32:0.34 0.08 0.02 0.01 0.11 6.44 - 0.10 0.94 1.01
Ihorium-2?a 0.18 0.06 (a) 0.07 0.01 0.08 0.07 (,) 0.03 0.17 0.20

0.14 't.46 1.60ihur itma-23a 4.52to.40 f,} 1.20 2.75 10.03 9.08 (,

fesinaa-131 0.81s0.12 -|,) 0.29 0.11 0.40 0.33 (, - 0.06 0.06t hor lian-232 0.1610.08
- - - 0.20 - - - -

lugal 19.24 ?43.51 31.31

? % avle identification: B-045-5-0
m

50/.30 0.01 2.07 41.76 43.90"
Radium 226 57t6 21.30 1.61 1.41 24.32 '

Hadiimm.2?tt 1.44 0.28 0.22 0.12 0. 0.1 0.42 6.44 - 0.02 1.16 1.18
St ront uma.w 0.25 0,08 - - - -

' 2.19 - - - -

Uranluri-211 18.7:4.6 0.52 0.14 0.05 0.71 40.20 0.01 0.62 7.10 1.73
lii anitaa-2 3s 1.18 0.14 0.05 0.01 - 0.06 3.45 - 0.05 0.55 0.60
usangi.,e-2 M 0.55to.08 0.01 - - 0.01 1.07 - 0.02 0.16 0.18
Ihos lian- 223 < 0.05 (a) - * - - (a) - - -

Ihorium-230 !3:U.39 (a) 12.30 4.64 16.94 15.34 (3) 0.24 2.46 2.70

resn 3 3f 0.73 0.08 - - - - 0.17
-|,) - 0.05 0.05ihurlina-2 32 0.13 0.06 (,) 0.24 0.09 0.33 0.27

- - -

42 79 5703 l'C34
~

lutal

(a) ICRe-lo classifies tiorium compounds as y and W tyim.
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I ABL E C-9

Saniple Idesitification: 8-048-5-0
hposuretobone_(mrem /yrl Exposure,to [un([,(me em/yr)

Iype ut Activity Clearaine Rate Clearance Rate'

Analysis (pCi/q dry) D if - ~ ? Total ingestion D W T
~

lotal

kadium 226 0.6to.2 0.22241 0.169 0.0148 0.25 5.34 - 0.02 0.44 0.46

Radium-??8 0.82 0.26 0.13 0.07 0.05 0.25 3.66 - 0.01 0.66 0.67

| Strontium-90 * 0.03 - - - - - - - - -

Uran timi-2 34 1.06t0.91 0.03 0.01 - 0.04 2.28 - 0.03 0.40 0.43

Urantime-215 0.28t0.14 0.01 - - 0.01 0.54 - 0.01 0.09 0.10

Ur anium-2 38 0.21:0.15 - - - - 0.41 - 0.01 0.06 0.07
0.01 0.07 0.080.03 - 0.03 0.03 g,)Ihurlien- 2?a 0.07t0.03 (a) 0.02 0.02 0.04

lhuilum-230 0.06t0.03 (,) 0.10 0.04 0.14 0.12 g,
- 0.04 0.04

Ihurtian 232 0.lut0.04 |,) 0.18 0.07 0.25 0.21 g,
- - -

0.00 - - - - - -

|. 9 Cesium-137 5

O! 12 M [$8 lotal

Sample Idesitif ic attori: b-049-5-0
.

Nadium-226 * o,5 - - - - - - - - -

Raditum-22tl 0.61'0.23 0.09 0.tb 0.04 0.18 2.73 - 0.01 0.49 0.5G

St r ont leme 'N) 0.08:0.03 - - - 0.35 - - - -

0.02 0.27 0.29
Ur anitan-214 0.71,0.11 0.02 - - 0.02 1,53 -

Uranium-23S' O.19tu.06 - - - - 0.37 - - 0.06 0.06

Un aritime-2 sel 0.23to.06 - - - - 0.45 - 0.01 0.06 0.07

ilu,iium-22n * 0.u5 (a) - - - - (a) - - -

Iborium-230 * 0.05 (a) - - - - (a) - - -

II.orium-2 32 * 0.05 (a) - - - - (a) - - -

} ( es sian- 137 0.41:0,07 - - - 0.09 - - - - -

0.'20 $T52 9.92~

Iotal

(a) ILHP-lu clawilles tiiuritan compunds as V dead W type.

I
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IAtitt C-9'
s

Sample Identification * u-054-5-0
.

Exposure to Ikuie,{mrpa'yr) Exposure to lungjuwgafyrl
,

'
lype of Activity Clearante Rate

61earance Rate_A,nalys is (pCl/gitsy) U 'l t Total ingest losi 0 W ~V- ~

lotal
i

Raditan-226 7.6t2.4 3.!! 0.24 0.21 3.56 74.14Rad ita-228
Steuntiimr90 - - - -

0.01 0.30 6.10 6.41< 0.10 -

0.3510.10 - - - -Uranlun-2.14
- - - - 3.060.33:0.19 0.01 - - 0.01 0.71 - 0.01 0.12 0.13

- - - -Ui anium-2 35 < 0.05Deanita-238 - - - -
- - - -

-

0.1810.05j lhorita-22ft -

< o,05 (a)
- - - 0.35 - 0.05 0.05(a,)II ui t urn-230
- - .

0.53:0,13 ja| 0.05 0.32 1.17 1.06 L8)
- - -

. -

11.or ium-232 < 0.05 187 - - - * - L8) - - -

0.02 0.11 0.19fes itan-I l7,

0.65:0.10 - -

Q lotal
- - 0.15 - - -

m V4 79.47
-

* 6.785 ample identificatlun- B-055-5-0
$
. Radium-2/6 11:5 11.58 0.83 0.77 13.23 275.90 0.04 1.12 22.71 23.87
I

Radiime-228 < 0.10 - - - - -
- - - -

i St e on t itam-9) <0.03 - - - - -
- - - -

1 Uranitan-2 3 8 45t4 1.25 0.33 0.13 1.71 96.75 0.02 1.48 17.09 18.59Uranitam-235 7.4rt.0 0.20 0.05 0.02 0.27 14.36 - 0.23 2.28 2.51Us anium-2 M 2.4 0.6 0.06 0.02 0.01 0.09 4.66 - 0.07 0.68 0.75lhorlinn-223 < 0.05 a) - - - -
La) - - -

4

Ilraritme- 210 0.54to.12 i a) 0.07 0.33 1.20 1.08 fa) 0.02 0.17 0.19Iluirisma-212 < 0.05 (a) - - - - Ia) - - -
(es g, ..g jf 0.63:0.09 - - - - 0.14 - - - -gataI

~ - ~. 50 ~39E' X916

(a) ItHP-io (.lassifies tiioritsa umpounds as Y and W type. Q
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IABIL C-9
j

Sample ide ntif ication: 0-056-5-0

!!!'osure to Bone (muiufg) [3g,osig!etg[uiptjurym]g)
lype of A(tivity Clearance Rate' Clearante Hate-~- ys.isAnal -- (p

__
_

_ _ _ _ .

__._C_i /_ q if r_y ) _ _D ~ W-~~ ~ f
_Io _tal___ _I_n_ge_s t ion 0 W ~V- Total .

Rd'Aliam 226 2.3tl.6 0.86 0.06 0.06 0.98 20.41 - 0.08 1.68 1.76Radiima-228 1.25,0.40 0.19 0.10 0.07 0.36 5.59 - 0.02 1.01 1.03S t r on t ium- 9'] 0.1110.08 - - - - 0.96 - - - -Usanitan-214 0.83tu.10 0.02 0.01 - 0.03 1.78 - 0.03 0.32 0.35U. an i san.235 0.13t0.04 - - - - 0.25 - - 0.04 0.04Uranitan 238 0.09:0.03 - - - - 0.17 - - 0.02 0.02iloriame- 228i
0.12:0.04 (a) 0.05 0.01 0.06 0.04 (a) 0.02 0.12 0.14; Ilme itan 210 0.1730.06 (a) 0.27 0.10 0.37 0.34 (a) - 0.05 0.05' limr iisa-212 0.37so.05 (a) 0.31 0.12 0.43 0.35 (a) - 0.06 0.06Ceslian.131 0.44t0.10 - - - - 0.10 - - - -

lotal E23 '30.05' 3.~ 4 '

Q $4 up le- ide sit i f ica t iori: g.057-5-0
so
N Railiima.22b 3.9:0.5 1.46 0.11 0.10 1.67 34.11 - 0.11 2.86 3.00RJJiisa-228 0.84:0.22 0.13 0.01 0.05 0.25 3.75 - 0.01 0.68 0.69Stsuntiema-99 < 0.03 - - - - - - - - -

Usantu.a-211 0.32:0.09 0.01 - - 0.01 0.69 - 0.01 0.12 0.13Urenlima-23S < 0.05 - - - - - - - - -

Uran tian-2 33 0.09:0.05 - - - - 0.17 - - 0.02 0.02Ihorium-220 < 0.05 (a) - - - - (a) - - -

Ihoriaan. 230 0.05:0,03 (a) 0.08 0.03 0.11 0.10 (a) - 0.02 U.02ihorlum-232 0.0720.04 (a) 0.13 0.0$ 0.18 0.14 (a) - 0.03 0.03Cesium-131 0.13t0.04 - - - - 0.03 - - - -

lotal ~ 72f 39}9 '3'592
.

(a) ICRP-30 (l.snifies tinwlian compounits as Y anil W type.

.
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IAbtf C-9

Sample Identification: B-Ob8-5-0

MPosuretoBoneInuemftr) Exposure to lung,{ mrem /yr1
_

Type of Activity Clearance Rate Clearance Rate-~
Total

,

(p D -Y- ?-- _Ci/9 dry)
. _ _ _ _ ___Iotal In9estion D W -- f'__, f ria lys is

4
i

Hadium M 2.990.2 1.03 0.08 0.01 1.23 2b.UI - 0.10 2.12 2.22
Had i t*' 2.14 0.28 0.33 0.11 ' 0.13 0.63 9.% - 0.03 I.72 1.75
Strun6.um- % 0.08t0.04 - - - - 0.70 - - - -

; Uran t ua-214 1.4tl.0 0.04 0.01 - 0.05 3.01 - 0.05 0.53 0.t8
tiranium-235 0.56t0.31 0.01 - - 0 01 1.09 - 0.02 0.11 0.19 -'

Uranluia-238 1.3:0.4 0.01 0.01 - 0.04 2.52 - 0.04 0.37 0.41
Itaariism- 228 0,22:0.01 (a) 0.09 0.01 0.10 0.00 (a) 0.03 0.21 0.24
Thorium-230 < 0,05 (,) - - - - g, - - -

i Ihorium-232 0.08:0.04 (a) 0.15 0.05 0.20 0.16 - 0.03 0.03

| Ceslu.a- 111 0.68t0.01 - - - - 0.15 -h - - -

9 Total 2!26 '4'3:isi E42
u)
* Sample Identilltation- B-059-5-0

Hadium-226 13:8 4.89 0.31 0.32 5.55 115.10 0.02 0.4/ 9.52 10.01

Hadimu 228 0.59:0.18 0.09 0.05 0.03 0.17 2.64 - 0.01 0.48 0.49
Steontlum-90 < 0.0) - - - - - - - - -

Uran tian-214 11.8t1.5 0.33 0.09 0.03 0.45 2b.31 0.01 0.39 4.48 4.48

Ueaniimu-215 0.5310.24 0.01 - - 0.01 1.03 - 0.02 0.16 0.18

Uranlian-238 1.5'O.4 0.04 0.01 - 0.05 2.91 - 0.04 0.43 0.41
< 0.05 (a) - - - - g,g

- - -

Il*>r lima .228
thorium-230 0.07:0.03 (a) 0.11 0.04 0.15 0.14 - 0.02 0.02

j lhor luin-2 32 < 0.05 (a)
- - - -

gg
- - -

.
,

4) - - -

. Cesti 131 0.310.05 - - - - 0.0/ "

IotaI 373T 14T lif TCGT,

(4) IGP-30 classifies thorlims cimigmiaisinds as V and W type.
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IAutL C-9
.

Limiple Identification: g-Ubu-5-0>

l!!csure to puse_(arg /yrj {apusus e tu lunt {mrpefyr] "

lype of Activity Clearance Rate
Cleasante Rate---.y---. Anal sis (pCi/q dry) D ~ ~W -~ ~ ~ ~ f lotal Isigestlosi 0 W ~T ~

lotal
Naditan 2?6 * 0.5 - - - -

*
- - - - *kadiamn-??8 0.40tu.16 0.06 0.03 0.02 0.11 1.79 - - 0.32 0.32; St e unt iinn- 9) * 0.03 - - - - - - - - -I Us anitan-214 * 0.05 - - - - - - - - -Usaniaan-235 * O.05 - - - - - - - - -Uran timu-238 * 0.05 - - - - - - - - -j Ihoriinn-22a * 0.05 (a) - - - -

4

Ihos tian-2 30 0.05 - - - - (a)
- - -*

a
Ihurium 232 0.05 - - - - 4)

- - -

* - - -

a
tesluia-131 0.32:0.05 - - - - 0.01 -a) - - -

lutal 0.11 Endo b 32'
--

s'9 Sample Identification: B-061-5-6to

Hadisma-226 3.3t0.5 1.23 0.09 0.06 1.40 29.37 - 0.12 2.42 2.54Raditan-228 < o,39 - - - - - - - - -5t ron t ismu-90 * 0.03 - - - - - - - - -! Uran timu-2 31 7.5tl.2 0.21 0.05 0.02 0.28 16.12 - 0.25 2.85 3.10Urantimu-235 2.2:0.7 0.06 0.02 0.01 0.09 4.27 - 0.01 0.68 0.75Urantimir238 4.4:0.9 0.11 0.03 0.01 0.15 8.54 - 0.13 1.25 1 . 3 11

i

j liusrlima-2?S 0.53:0.06 fa) 0.21 0.03 0.24 0.20 (a) 0.07 0.51 0.58Ihus'1ima-2 30 0.10t0.05 fa1 0.16 0.06 0.22 0.20 La) - 0.03 0.03Ilwiritam-212 0.48t0.10 fa) 0.88 0.33 1.21 0.99 fa) 0.01 0.18 0.19tes iima- 131 0.530 . 0 15 - - - - 0.12 - - - -

,

) fotal 1 69 SGI ]lf (a) IL HP-Ju classifies tim iuui compumids as V as ! W typ.t.
B
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Sample Idesitifications- 8 064-5 0

DI= suse to Bone (ane-nifyr)
[3giusure to l u"2 (Me*/J.rjfype of Activity Clearance ItaleAnalysi (pCi/q day) D - ~if V Iutal Ingest lose 0 W ~T |utal
Clearance Hate

Radium-226 2.3 0.4 0.86 0.06 0.06 0.98 20.47 - 0.08 1.68 1.76
kaJiimm-228 g,00,0.21 0.15 0.08 0.06 0.29 4.47 - 0.01 0.80 0.81
* t s unt itan 90. < 0.03 - - - - - - - - -
Uianham 234 2.14to.19 0.06 0.02 0.01 0.u9 4.60 - 0.01 0.81 0.88Urantimu-235 0.16:0.06 - - - - 0.31 - - 0.05 0.0S
Uranium-233 2.75:0.01 0.07 0.02 0.01 0.10 5.34 - 0.08 0.78 0.86lhoslimm-228 < 0.05 (a) - - - - (a) - - -
Iler lL88-2 30 0.06:0.04 (a) 0.10 0.04 0.14 0,12 (a) - 0.02 0.02
Ilu,r lima-232 0.12:0,01 (as 0.22 0.08 0.30 0.25Ce sitme-137 o,09:0,03 . - -

(a) - 0.04 0.04
total

- 0.02 - - - -

I.90 35.58 4.42Sample identification: B-065-5-0
o

Raditam-226 1.5i0.4 0.56 0.04 0.04 0.64 13.35 - 0.05 1.10 1.15

a

Radlams 228 0.25t0.16 0.04 0.02 0.01 0.07 1.12Strontium 90 < 0.03 - - - - - - - - -

- - 0.20 0.20
Uranhau-231 II.4tl.16 0.32 0.08 0.03 0.43 24.tl - 0.38 4.33 4.71Us aniame-215 1.46tu.59 0.04 0.01 - 0.05 2.83 - 0.04 0.45 0.49Uranitan-2tn 3.1890.88 0.08 0.02 0.01 0.li 6.17 - 0.09 0.90 0.99Ilmislas. 228 0.05:0.02 (a) 0.02 0.02 0 02 (a) 0.01 0.05 0.06

-

Itan lian-210 0.14to.05 (a) 0.22 0.0$$ 0. 10 0.28 (a) - 0.04 0.04Ilu>r lime .212 0.20i0,06 (a) 0.37 0.14 0.51 0.41(es t ema- 137 < 0.0t1 - - - - - -(a)
- 0.08 0.08
- - -Iotal E'I'3 4839 O2

(a) IlkP-30 classifies thoritan compounds as V and W type.

.

9
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IMill C-9

Sa.nple ident i f ic a t t un ; B.M2-5-0

$!!msure to Bos({stm/yr) hggsure to lung,{mremfyr}
lype of Activity Clearance H.ste Clearance HateAn.a lyy is (pCi/q dry) D id ~~f Iolal Ingestion D W ~~V~~~~ lotal
Raili um-226 I./20.4 0.64 0.05 0.04 0.13 15.13 - 0.06 1.24 1.30
Ra.lium-228 0.56 0.21 0.09 0.04 0.03 0.36 2.50 - 0.01 0.45 0.46
S t r on t iimm-9') < 0.03 - - - - - - - - -

Uranium-234 2.5 0.6 0.17 0.04 0.02 0.23 5.3d - 0.08 0.95 1.03
Usanium-235 0.55 0.26 0.01 - - 0.01 1.07 - 0.02 0.17 0.19
Us anismu-2 38 1.3 0.4 0.03 0.01 - 0.04 2.52 - 0.04 0.27 0.41
It.orium- 22a < 0.05 (a)

- - - -
(,) - - -

- - - -

II.or i um- 2 30 ' 0.05
(,)) - - - -

g,)
- - -

- - -

lier inmu-232 < 0.05 (,
- - - 0.15 -g,)

- - -p Cesium-137 0.6710.03 -

o" Iutal 1.17 26.75 T. 39'o
Sasuple I le nt Iiicat ion' b-063-5-0

Rd'3 4 *"-li'6 12s1 4.48 0.34 0.30 5.12 106.30 0.02 0.14 8.19 9.25leadium-221 0,g4,0.25 0.13 0.01 0.05 0.25 3.75 - 0.01 0.68 0.69Strontismu 90 < o,03 - - - - - - - - -

Us anitam-2 31 20.112.7 0.t6 0.15 0.06 0.77 43.22 0.01 0.66 7.63 8.30Uranium-235 0.3410.10 0.01 - - 0.01 0.46 - 0.01 0.01 0.08Uranium-238 1.9:0.9 0.05 0.01 - 0.06 3.69 - 0. 0W 0.54 0.60ihurluiu-228 5.210.5 (a) 2.10 0.34 2.44 1.98 (a) 0.13 4.99 5.72
lin>r itan- 230 0.76 0,18 (a) 1.22 0.46 1.68 1.53 (a) 0.02 0.24 0.26
Iluir ium-232 7.2:0.6 (a) 13.19 4.90 18.90 14.90 (a) 0.20 2.73 2.93
Cesium-131 0.21:0.05 - - - - 0.06 - - - -

Iotal 29.23 176.~34 2 7.~ 31

(a) ILWP- 10 clasifies thorline ovulmunds as V asul W type.

;_ , i i f L . . _ . _1 [ _j 'I I i I '- ' * Ii Cd Edl U.- O a- 5
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I Alit C C-9
.

Sawle identifi(atioss: b-064-5-0

{mgmsusetoIkne(miemfyr)
Engiusure to lung (msem/yr)lype of Activity Clearance kate

.A.n.a_ l. y s_ i s. (pCi/qday) D W f lutal leiuest los D W 7 lotal
Clearance Mate

Haditan-R 6 2.3tu.4 0.86 0.06 0.06 0. Wi 20.47 - 0 . 0 41 1.68 1.16kaditan 228 1.00:0.21 0.15 0.08 0.06 0.29 4.47 - 0.01 0.80 0.8)Stauntinmu 90 < 0.03 - - - - -
- - - -

U' d"I'""- 23 I 2.14:0.19 0.06 0.02 0.01 0.09 4.60Uraniim-21') 0.16to.06 - - - - 0.31
- 0.01 0.81 0.BuOrantima-233 2.15:0.07 0.01 0.02 0.01 0.10 5.34 - 0.08 0.ie 0.86

- - 0.05 0.0S
Ilior iame- 2?a < 0.05 (a) - - - - (a) - - -
13di'' I L8' * 2 30 0.06t0.04 (a) 0.10 0.04 0.14 0.12 (a) - 0.02 0.02Iluir limm-232 0.12:0,01 (a) 0.22 0.08 0.30 0.25 (a)Cestian 131 0.09:0.03 - - -

.- 0.04 0.04
Iot4I

- 0.02 - - - -

'Od ~ '5758'3 432
Sample identificatiosa: 8 065-5-0

3 Nadham 226 1.5t0.4 0.56 0.04 0.04 0.64 13.35 - 0.05 1.10 1.15Radisma-228 0.25:0.16 0.04 0.02 0.01 O P7 1.12 - - 0.20 0.205t runt iima -90 < 0.03 - - - - -
Uran han-2 M ll.4tl.16 0.32 0.08 0.01 0.43 24.51

- - - -

Uransime.2 n 1.46 0.59 0.04 0.01 - 0.05 2.83 - 0.04 0.45 0.49

- 0.38 4.33 4.75
Uraniima-2 tts 3.18t0.88 0.08 0.02 0.0L 0.11 6.17 - 0.u9 0.90 0.99lime lian.2/1; 0.05:0.02 (a) 0.02 0.02 0.02 (a) 0.01 0.05 0.06

-

lius tian-2)n 0.14:0.05 (a) 0.22 0.03 0.30 0.?8 (a) - 0.04 0.04liu>r lime .212 0.20t0.06 (a) 0.37 0.14 0.51 0.41(esti 137 0.08 - - - - - -(a)
- 0.08 um-

Total
- - -

2.13 48.69 7.72
(a) It.kP-30 (lassifies (lion-lima compousids as Y and W type.
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Sangile Ident i f ic a t tori: B-0820-5-0
hpo}uretolione(neyngye} hpususe to timig imyymfyr)

_
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Cleas'aene Hate
lype of Activity Cleasance Hate
b lysis (pCi/q dry) 0 -^ T ~~V lotal in9estion D W T -~ ~ - ~ ~ 10:41'

;

Radismu-??6 3.7to.2 1.38 0.10 0.09 1.57 32.91 - 0.13 2.71 2.64

Rediuus-2?ll 4.43t0.48 0.68 0.36 0.26 1.30 19.80 - 0.06 3.57 3.63

4 0,03 - - - - - - - - -

Steuntiuim 99
Usanisma-214 52t2 1.44 0.34 0.15 1.97 111.80 0.03 1.72 19.74 21.49

tis an tina-2 35 4.1 0.7 0.11 0.03 0.01 0.15 7.95 - 0.13 1.26 1.39

Us an tima-213 3.110.6 0.08 0.02 0.01 0.11 ts.01 - 0.09 0.88 0.97

Iloriamm-228 < 0.05 La) - - - - (a) - - -

< 0.05 La) - - - - (a) - - -

II.or lean-210
lleor itma-212 < 0.05 de) - - - - (a) - - -

f es tian-117 0.18tu.05 - - - - 0.04 - - - -

CIO i7s.h 30.32
fotal

Sangile Identificati(>n: 15-083-5-0
'

2 Ra.liano-226 15t1 5.60 0.42 0.37 6.39 133.50 0.02 0.54 10.99 11.55

j Raditan-228 1.78t0.22 0.27 0.14 0.10 0.51 1.96 - 0.03 1.43 1.46

< 0.03 - - - - - - - - -

o 5ti on t lian-90
Urantuai-234 5.5210.33 0.15 0.04 0.02 0.21 11.87 - 0.18 2.10 2.28

Uraniinn-2 35 0.25:0.00 0.01 - - 0.01 0.48 - 0.01 0.08 0.09

Uranluni-238 0.35 0.09 0.01 - - 0.01 0.68 - 0.01 0.10 0.11

< 0.05 (a) - - - - a) - - - |a

Ihuriuu-228
0.05 (a) - - - - a)

- - -

lhorium.230 <

Cesitan-137 1.41:0.00 - - - - 0.32 -a)
- - -

Ihorium-232 < 0.05 (a) - - - -

- - -

~ f.'4 9I7.T3 f5C8iIotal
(a) ItHP-30 classifies Eliorlian camapouseds as V arul W type,
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Sample Identificatlosi: g.092-5-0

prosure to Bane {nn3yfyr} [3posure to luyhynfyr}lype of Activity ~Cleas'arwe Rate(p Clearance Rate_Analysj _ Cl/9 dry) D W V Total th9estion D W 7 -'-

Total__

_

.Had iten- 2;'6 2.9to.4 1.08 0.08 0.01 1.23 25.81 - 0.10 [.12 2.22Radium-22a 0.76to.10 0.12 0.06 0.04 0.22 3.40 - 0.01 u.61 0.62Stenntitan-90 0.15:0.06 - - - - 1.31 - - - -tir anitan-234 0.79:0.00 0.02 - - 0.02 1.10 - 0.03 0.30 0.33Usanitma-235 0.06:0.02 - - - - 0.12 - - 0.02 0.02Ur anitan-238 0.29:0.05 0.01 - - 0.01 0.56 - 0.01 0.08 0.09Ihorismu-228 0.25:0.03 (a) 0.10 0.02 0.12 0.10 (,) 0.03 0.24 0.27II.or iuw-230 0.22:0.00 (a) 0.35 0.13 0.48 0.44
lhorlum-232 0.20so.02 t,) 0.01 0.01 0.08

O Ces t uni- 131 0.2410.04 -(,) 0.37 .0.14 0.51 0.41 |,)
- - -

- 0.08 0.08
e

- - - 0.06 -

[ lotal T.~59 3'379T 3.~1Tui

Saniple identification *
8,-0930-5-0

Haditan-226 1.5!O.4 0.56 0.04 0.04 0.64 13.35Radiu.a-228 0.7910.21 0.12 0.06 0.05 0.23 3.53
- 0.05 1.10 1.15
- 0.01 0.64 0.65St rusit ium-90 * 0.03 - - - - - - - - -Uranitan-234 29:2 0.81 0.21 0.08 1.10 62.35 0.01 0.96 11.01 11.98Uranitan-2 35 0.56t0,09 0.01 - - 0.01 1.09 - 0.02 0.17 0.19Ur anitan-2 38 5.48t1.11 0.]4 0.04 0.01 0.19 10.63 - 0.02 0.17 -liorium-228 4 0.05 (a)

0.05 la)
- - - - (a) - - -floritaa.230 *
- - - - (a) - - -Ihoritan-2 32 * 0.05 (a) - - - - (a) - - -

'

Ces itaa.137 0.08 - - - - - - - - -

5

futal Cl? '0.9s (E979
(4) II:HP-30 (lassifies floritma umq=sunJs as Y and W type.
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Sasyle Identification: 8 096-5-0

hpusuretolioneJmeem/yr{ fyposs.se to lung _(arem/yr)
lype of Activity Cleasante Rate Clearasne RateAnalysis (pC1/9 dry) D "Y - f Total Ingestion 0 W f' lotal
Hadioma-226 < 0.5 - - - - - - - - -

'

Rad itan-228 0.41:0.19 0.06 0.03 0.02 0.11 1.83 - 0.01 0.33 0.345truntlemu-90 < 0.03 - - - - - - - - .

Ur aniimu-231 2.3i0.5 0.06 0.02 0.01 0.09 4.94 - 0.08 0.87 0.95Us anisme-235 0. 0'a t o. 03 - - - - 0.10 - - 0.02 0.02Uran iima.2 38 0.9to.4 0.02 0.01 - 0.01 1.75 - 0.03 0.26 0.29Ihoritma-22n s 0.05 (, }
- - - -

(a) - - -

lhur lisa-230 s 0.054 (
{a,1

- - - - (, - - -

Ces timu- 131 < 0.08 - - - -
-(,)) - - -

Ihuriosa-232 < 0.05 j - - - -

- - -

Total 0.li 62 D'O
Saisiple I.leratificatiois: g_o.jf $.o

j e

Raditmu 226 2.4t0.3 0.90 0.07 0.06 1.03 21.36 - 0.09 1.76 1.85N Radluiu-228 1,0,0.2 0.15 0.08 0.06 0.29 4.47 - 0.01 0.81 0.815tsuntlum-90 0.2/,0,0u - - - - 1.92 - - - -Uranitan-2 34 0.16t0.01 - - - - 0.34 - - 0.06 0.06I

Us anitma-2 35 0.05:0.04 - - - - 0.10 - - 0.02 0.02Uranlima-218 0.1110.09 - - - - 0.33 - - 0.05 0.05limritan.22tl < 0.05 (a)
Ihor iima- 2 30 < 0.05 (a)

- - - - (a) - - -
- - - - (a) - - -llos lima-2 32 < 0.05 (a) - - - - (a) - - -

Ces tima-131 0.17so.03 - - - - 0.04 - - - -

Iotal 1.32 28.66 2.79
(a) ICRP-30 classifies thoritme compotands as Y and W type.,
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Saniple Ideistification: B-108-5-0

LJi,usure to Bone (mitufyr) DposuretotungJanemfyr)
lype of Activity Clearanct Hate Clearance Itate
Analysis jpCi/gdry) 0 ~W f lotal ingestlun D W ~ f~ lotal

Radiima-226 2.720.4 1.01 0.08 0.07 1.16 24.03 - 0.10 1.96 2.08
hadline-228 1.26 0.24 - - - - - - - - -

Strontiime-99 < 0.03 - - - - - - - - -

uraniima-2 31 2.0t0.5 0.56 0.01 - 0.57 4. 30 - 0.01 0.76 0.83
Uranismu-215 < 0.05 - - - - - - - - -

Uranitmu-238 0.7910.43 0.02 - - 0.02 1,51 - 0.02 0.22 0.24
Ihur itan-228 < 0.05 La)

- - - - (,) - - -

lluiriinie-230 0.10to.05 L) 0.16 0.06 0.22 0.20 gas - 0.03 0.03

i resismu-137 < 0.08
-q) 0.18 0.07 0.25 0.21 g,j - 0.04 0.04liner tian-232 0.10t0.05m

- - - - - - - -

N lutal .C2I 5N CI
(

Sample Identification: B-109-5-0

Radiin.i 226 1.8to.3 0.67 0.05 0.04 0.76 16.02 - 0.06 1.32 1.38
0.01 0.68 0.69Ha.lium-22n 0.84to.18 0.13 0.07 0.05 0.25 3.75 -

St e ont indu-90 < 0.03 - - - - - - - - -

Usanium-231 1.110.6 0.03 0.01 - 0.04 2. 36 - 0.04 0.42 0.46
us .iniaan 2 35 0.24t0.08 0.00 - - 0.01 0.46 - 0.01 0.07 0.08

| Us aniaan-2 38 0.96 0.40 0.02 0.01 - 0.03 1.86 - 0.03 0.27 0.30
lluar t ian-- 228 < 0.05 (al - - - - (a - - -

llusriimu-2 30 - 0.05 (al - - - - (, .
- -

i linarluin-2 32 < 0.05 (al - - - -

(a
- - -

.
- -

Ces tian- 137 < 0.08 - - - - - -

lutal j,og 74,45 g
(a) 1(10'- 10 classifies Llwaritan unnpcunds as V and W type.

t

,, , , . . , , . , .
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I Altl L C-10

Sample Identification * l$-001-5-(,
!!!'_uyure to Bone .(nairms/yr) [3posury to lung jarem/yr)

lype of Activity Clearasite Hate Clearan(e Rate

Arulys g (pCl/r3 dry) U ~M ~~ ~~~ l '.a t a l Ingestion 0 W ~~ T
~

Iatal

Raditam-226 2.710.4 1.01 0.03 0.01 1.16 24.03 - 0.10 1.93 2.03
Radlimm-228 1,13t0.20 0.11 0.09 0.08 0.34 5.05 - 0.02 0.91 0.93

< - - - - - - - -

St r on t ium-90 < 0.01
Uran tish-2 31 1.46to.24 0.04 0.01 - 0. u'2 3.14 - 0.05 0.55 0.60

0.05 - - - - - - - - -

Uranluis-235 <

Uranitan-238 0.95t0.32 0.07 0.01 - 0.01 1.e4 - 0.01 0.27 0.30
;

0.04 0.01 0.f6 0.03 (a) 0.01 0.09 0.10
1 Ilcrlimu- 2?H 0.09:0.04 i,a 3

0.31 0.12 0.41 0.38 (a) 0.01 0.06 0.01
t* liioritmu-230 0.19 0.06 i a i

Ihor t ua-232 0.13:0.05 Qi 0.24 0.09 0.33 0.27 (a) - 0.05 0.05

! Ces tian- 131 < 0.08 - - - - - - - - -
,

lotal g 3gy4

Sanple identif1(atinn: 0-002-5-6
m

- - - -

i kaditmu-226 < 0.5 - - - - -

g Raditan-22n 1.18i0.21 v.18 0. I,0 0.01 0. 15 5.27 - 0.02 0.95 0.91

< 0.03 - - - - - - - - -

St e unt itan-90
Urariltan- 2 34 0.66tu.15 0.02 - - 0.02 1.42 - 0.02 0.25 0.21

Usanium-?ls 0.22:0.09 - - - - 0.43 - 0.01 0.01 0.08 ,

Us an tian- 218 0.69:0.16 0.02 - - 0.02 1.34 - 0.02 0.20 0.22

lhos lien. ??G 0.10!0.05 (a) 0.04 0.01 0.05 0.04 (a) 0.01 0.10 0.11

lhor iinn- 2 50 0.0690.04 (a) 0.10 0.04 0.14 0.12 (a) - 0.02 0.02

< 0.05 (a) - - - - (a)
- - -

linan itan-2 32
Ces luid- 131 0.09to.02 - - - - 0.02 - - - -

: lotal ti38 0.64 lail
.

(a) ICRP-30 classifies tiiortuna compounds as V and W type.
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j > TABLE C-10
i

,

ERATA SHEET
| ! P. C-132 '

1 B-006-5-6
SAMPLE IDENTIFICATION: B-006-S-6

.

,

!

EXPOSURE TO BONE (mrem /yr) EXPOSURE TO LUNG (mrem /yr)

I TYPE OF ACTIVITY CLEARANCE RATE CLEARANCE RATE
| ANALYSIS (pCl/g dry) D W Y TOTAL INGESTION D W Y TOTAL t

t'

Radium-226 1.7+0.2 0.63 0.05 0.04 0.72 15.13 -- 0.06 1.24 1.30 -

Radium-228 0.89+0.21 0.14 0.07 0.05 0.26 3.98 -- 0.01 0.72 0.73
Strontium-90 0.04T0.01'

-- -- -- -- !
-- -- -- -- 0.35

| Uranium-234 0 34~+0.09 -- -- -- -- 0,73 -- -- 0.13 0.13 !Uranium-235 <05 -- -- -- -- -- -- -- -- -- '

Uranium-238 0.18+0.07 - - -- -- -- 0.35 -- -- 0.05 0.05 '

; Thorium-228 0.05T0.03 (a) 0.02 -- 0.02 0.02 (a) -- 0.05 0.05 '

Thorium-230 0.2470.08 (a) 0.39 0.14 0.53 0.48 (a) -- 0.08 0.08 !

Thorium-232 0.1270.06 (a) 0.22 0.08 0.30 0.25 (a) -- 0.04 0.04
.

Cesium-137 0.40][0.01
- - -- -- -- -- -- -- -- --

'

.

; Total 1.83 21.29 2.43
'

(a) ICRP-30 classifies thorium compounds as Y and W type.-
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IAbit C-10 [

Sample Identifiration: 8-016-5 i

fflausure to Ito ie (nurnifyr} t spusure tc.tung._{ ann /yr}
lype ul Activity ~ Clearance Rate Clearance Rate

_ _C_l_/q d_ry )- D._ - _ _ _ -___f__- _l.e._t_a l. . . l e nse s_t._i _o_n_ D W 7' _To_tal _. ',(g>
__ _ _ _ . . _-

A.n.a l.ys i s. W
-- -

'

Radlian-2/6 2.6,0.5 0.97 0.0i 0.06 1.10 23.14 - 0.09 1.90 1.99
. Raditan.228 0.54:0.24 0.08 0.04 0.03 0.15 2.41 - 0.01 0.44 0.45 |
} St r ont ium 'rJ 0.29:0.11 - - - - 2.54 - - - - '

Uranium-2J4 4.41:0.94 0.12 0.03 0.01 0.lb 9.48 - 0.14 1.67 1.81 <

Uran timm-235 0.62 0.35 0.G2 - - 0.02 1.20 - 0.02 0.19 0.21,

J Usarium-238 1.1920.49 0.03 0.01 - 0.04 2.31 - 0.03 0.34 0.37
Ihurium-22ft 0.07:0.03 (a) 0.03 - 0.03 0.03 (a) 0.01 0.07 0.08 *

'Itur ium-2 30 0.10t0.03 (a) 0.16 0.06 0.22 0.20 (a) - 0.03 0.03
lieur ium-232 0.05t0.02 (a) 0.09 0.03 0.12 0.10 |a) - 0.02 0.02
Cesium-117 0.29:0.07 - - - - 0.07 - - - -

lutal [ 84 ~1.48 4.% '
4

Sample identification: B-011-5-6

Hadium-276 < 0.M - - - - - - - - -o -

* Hadium-228 0.80f0.25 0.12 0.06 0.05 0.23 3.58 - 0.01 0.64 0.65
w 5tsontluin-90 < 0.03 - - - - - - - - -

N Us anium-2 34 2.01:0.29 0.05 0.01 - 0.06 4.32 - 0.07 0.76 0.83
Us anium-2 35 0.24t0.10 - - - - 0.46 - 0.01 0.07 0.08
Uranisan-238 1.10:0.21 0.03 - - 0.03 2.13 - 0.03 0.31 0.34

'

I huritan-22C 0.05:0.03 (a) 0.02 - 0.02 0.02 (3)
- 0.05 0.05

1

< 0.05 (a) - - - - (a)
- - -limrium-230

< 0.05 (a) - - - - (,)
- - -

lisoritan-232 - - -

0.06 - - - - - -Cesium-137 <

Iotal DI34 ICI 5I' II95

(a) ICRP-30 classifies thorium coqusunds as Y and W type.

. - . _ . . . , _ . - . - _ . . . . - . . - - .
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IABLE C-10 i

i
komple Identificatiusi- U-032-5-6

*

Intmu_re to Bone (mrem /yrl Exposure to lun3Jairemfyrl
Type of Activity Clearance Rate Clearance Rate
Analysis (pCl/9 dry) D " W -~ -~ ~ ~ V futal In4estion D W V-

~

lotal
a

. Radium-226 0.9t0.3 0.34 0.02 0.02 0.38 8.01 - 0.03 0.67 0.70 .' Radien-228 0.35:0.20 0.05 0.03 0.02 0.10 1.56 - - 0.28 0.28 '

Struntium-W 0.21:0.10 - - - - I.84 - - - -

Us atisine-211 3.49t0.50 0.10 0.02 0.01 0.43 1.50 - 0.12 1.32 1.44
Uraniums-235 0.24:0,14 0.01 - - 0.01 0.46 - 0.01 0.07 0 . 011
Uranien 233 0.9110.26 0.02 0.01 - 0.03 1.82 - 0.03 0.23 0.26
Thne lim-228 0.05 (3) - - - -

(a)
- - -

=

1 lhorlim-210 0.1110.06 ga} 0.48 0.0/ 0.25 0.22

cestin-131 < 0.08 - - - - -
i'a

- 0.04 0.04
i

Ilmr iise-232 0.1410.08 |a) 0.26 0.10 0.36 0.29 - 0.05 0.05-

-a - - -

I Iota 1 T.~' '6 7i 7d 1.'d'i2
.

Sauple Identificattun: B-033-5-6
o
e R4Jiian-226 13.8i0.8 5.16 U.39 U.34 5 . 11 9 122.82 0.02 0.50 10.11 10.63,

"
Radium-223 1.38to.2 0.21 0.11 0.08 0.40 6.11 - 0.02 1.11 1.13N St ron t iima 90 < 0.03 - - - - - - - - -

urantima-211 12.4tl.8 0.34 0.09 0.04 0.41 26.66 - 0.41 4.71 5.12,
,
'

Uranime-215 115:0.24 - 0.01 - 0.01 2.23 - 0.03 0.35 0.38
i Urasilim-2 53 2.1610.33 0.06 0.01 - 0.01 4.19 - 0.06 0.62 0.68

< 0.05 (a) - - - - (a) - - -lhorium-224
Ihor iana. 210 < 0.05 (a) - - - -

- Ihurlim-212 < 0.05 (a) - - - -

[,) - - -

i

0.08 - - - - -
ia)

- - -

'

- - -

Ces laum.131 < -

1

lutal {84, 16237 D'.M
(4) ICHP-30 clas;1fles tho lumi compounds as Y and W type.
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l (Aul[ C-10

Saingale ident i f loa t ion: B-044-5-6

U146ure to Bone (surgn/yr} hjesure to lung..(oremfyr) .

j Iype of Jk tivity ~Clearatu.e Hate flearance Rate
! Analysis (pCl/esdry)

__
W - Y__ _lo.t a l_ _-. _I_n_9es t_lun 0 W ~Y. ~~

- - - -
D

_-.o_t_a_l _ _l
_ -. _

! Radissa-226 2.5i0.8 0.93 0.07 0.06 1 . 04, 22.25 - 0.09 1.83 1.92
R.disan-228 0.52:0.21 0.08 0.04 0.03 0.15 2.32 - 0.01 0.42 0.43
St e unt ismu *>t1 o 03 . - . . . . . - ..
Ueanismu-214 0.35e0.03 0.01 - - 0.01 0.75 - 0.01 0.13 0.14

; Uran isse-2 Pn 0.10t0,06 - - - - 0.19 - - 0.03 0.03
| Us.nlem-?38 0.38:0.10 0.01 - - 0.01 0.74 - 0.01 0.11 0.12
! Ilwer lina-2?ll 0.09:0,05 La) 0.04 - 0.04 0.03 (a) 0.01 0.01 0.10
A Ildar itan-230 0.30t0.09 La) 0.48 0.18 0.06 0.06 (a) 0.01 0.10 0.11

lhoilwn-232 < 0.05 La) - - - - (a) - - -

festin-131 0.18:0.05 - - - - 0.04 - - - -,

Iotal 1.93 26.38 2.92
i
i Sanele identification: 8 045-5 6

e'
Radiann ??6 9.112.7 3.62 0.27 0.24 4.13 86.33 0.01 0.35 7.11 7.47--*

$ Haditma-??ll 0.07:0.23 0.10 0.05 0.04 0.19 2.99 - - 0.01 0.01
Seeontlian 'M1 0.03 - - - - - - - - -*

th anitan-211 3.73 0.21 0.10 0.03 0.01 0.14 8.02 0.12 1.42 1.54-

- Urantim-215 0.67:0.09 0.02 - - 0.02 1.30 - 0.02 0.21 0.23
| Us.iniw 238 0.21:0.05 - - - - 0.41 - - 0.06 .0.06

I tan inan- ??n 0.05to.03 Ia) 0.02 - 0.02 0.02 (a) - 0.05 0.05*

| lhur tian- 2 F) 2.3910.21 l a) 3.85 1.45 5.30 4.80 (a) 0.08 0.77 0.85
* 0.05 La) - - -

*
- (a) - - -

' Ila>rlian-212
Ces t i.4- 131 0.26:0,06 - - - - 0.06 - - - -

l 1o:41 Eh0 10'3:93 liGI
~

i

J (a) It.HP-:10 classifies timortuisi e:ossigeoinids as V anal W tyje.
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_ , ,, _

. ._, 7
. . _ , _. _- - . , ---.,_ - - - - . , p - r.'.'.*. * - ' , ,~~g - - ..]....j

_ ,
.

. , -w_a L .. a u i.... --

4

i
1

1

I Alil [ C-10

; sa.g.le l< tent i f ic a t t ori- B .04 6-5- 6

[aposure to lione (asem/yr) { sposure, to_1.ung _(p_ rem /y rl
lype ut Activity Clearance Rate Clearance RateAnaly @ (pCi/9 dry) 0 ~ ~W~ i 10:a1 In9estion 0 W ~Y - - Total

1 0.45 0.03 0.03 0.51 10.68 - 0.04 0.08 0.92Radiism.??6
1 2to 643ru.26 0.22 0.11 0.00 0.41 6.39 - 0.02 1.15 1.11Radii .??a

*tsuntiaan.w) 0.05:0.03 - - - - 0.41 - - - -; . ,

usanteen-234' l.5to.4 0.04 0.01 - 0. tra 3.22 0.01 0.05 0.57 0.63i

un an iuni-2 35 0.30iO.19 0.01 - - 0.01 0.58 - 0.02 0.09 0.11
a

is 4,ilim 238 0.13t0.29 0.02 0.05 - 0.07 1.12 - 0.02 0.21 0.23
Ilun tim.- 22H 0.1290.05 .0.05 0.01 0.06 0.04 0.02 0.11 0.13{,y g,gg in,,- g ia,_2 30 0.08:0.04 g, 0.13 0.05 0.13 0.l6 - 0.02 0.02,,gg,n.gi 232 0.15:0.06 h 0.21 0.10 0.31 0.31 |*

- 0.06 0.06 .

< 0.08 - - - - - - - -t,.g iin,. 3 37

gog,g ih 23.h EN
. Saniple ident if icat tore- B-04 7- 5-6i

'i O Hadunu-226 1.419.1 0.52 0.04 0.03 0.69 12.46 - 0.05 1.02 1.07i Had6am-228 0.92:0.29 0.14 0.01 0.05 0.26 4.11 - 0.01 0.74 0.75i

E' 5trontitam-90 < 0.03 - - - - - - - - -

Uraniinu-214 1.17:0.12 0.03 0.01 - 0.04 2.52 - 0.04 0.44 0.48
'

1 U anti . 235 0.21:0.05 - - - - 0.41 - 0.01 0.06 0.07
Usantin-238 0.21 0.05 - - - - 0.41 - 0.01 0.06 0.01 -

II.us iu.u-228 0.05:0.04 (a) 0.02 - 0.02 0.02 (a) 0.01 0.05 0.06 .
Ihor iuin.230 0.I6to.06 (a) 0.26 0.10 0. 16 0.32 (a) - 0.05 0.05
Ilan limu-232 0.19i0.01 (a) 0.35 0.13 0.40 0.39 - 0.07 0.01
Cesi . 131 < 0.08 - - - - -

(,)
- - --

futal j.85 20T64 AM
(a) ILHP-lo classifies thortaan compoinids as Y and W type.
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I Alit t C-10

San.ple identification: B-050-5-6

!!!*5"'e to Bone (natm/yr) {xposus _e_ to lung ,(mr ein/yrj

lype of Activity Clearance kate Clearance Rate
Analysis (pCi/g dry) 0 ~ ~~ 9 V lutal f ruses t ion 0 W f

~~

futal

Radiima 226 11.2p0.2 4.18 0.32 0.28 4.13 99.68 0.01 0.41 8.20 8.62
Hadium-228 6.91:0.49 1.01 0.56 0.41 2.04 31.16 - 0.10 5.62 5.12
St e uet ium 9') 0.98'O.12 0.01 - - 0.01 8 . 5 11 - - - -

Ur anium 234 0.91 0.05 0.02 0.01 - 0.03 1.96 - 0.03 0.35 0.33
th an ium-2 35 0.0010.02 - - - - 0.16 - - 0.02 0.02
Ur animu-2 38 < 0.05 - - - - - - - - -

Ilmr iun- 22tt 0.46:0.08 a) 0.18 0.03 0.21 0.11 (a) 0.06 0.44 0.50
Ilmr l um-230 0.64 0.08 a) 1.03 0.39 1.42 1.29 g,} 0.02 0.21 0.23

,

Ces tian- 131 14.910.3 - - - - 3.43 -|a)
- 0.06 0.06lierlun-232 0.11s0.05 a) 0.31 0.12 0.43 0.35

0.02 0.02.

IG$total E.~92 IW.75 '
.,

,

1

Sanele identification: B-051-5-6 :
. u

| O Hadimu-226 < 0.5 - - - - - - - - -

| Raillun-228' < 0.1 - - - - - - - - -

un 5t untlum.90 < 0.03 - - - - - - - - -

'" Uran iinn-214 < 0.05 - - - - - - - - -

Uranian-23s < 0.05 - - - - - - - - -
'

Uran t im.-2 38 < 0.05 - - - - - - - - - t
< 0.05 (a) - - - - (a - - -Itur itan. ??O

(e)
- - - - (, - - -Ihoriun- 2 30 < 0.05 (a

Itiorium -2 32 < 0.05 ) - - - -

Cesiun-131 5.9?su.25 - - - - 1.36 -(,
- - -

[- 0.01 0.01
j

Intal - 1.36
. . . ._ _ . .

0.01

(a) IISP- 10 classifies thorium compounds as V and W type. '

I
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I IAB11 C-10

} Sample IJentification: 8-068-5-6
4

Eng=>suretoDone(areetfyr)
Exposuretotung_(eir_emfyr)

1

| Type of Activity Clearance Rate i

.Ana l.ys i s. (pCi/9 dry) 0 ~ if ~f lutal In4estion 0 W ~ ~T ~

lotal
,

- - - -- Clearance Rate
1.

R4Jita-226 < 0.5 - - - - -
- - - -

Radium-228 0.8tsto.20 .0.14 0.01 0.05 0.26 3.93 - 0.01 0.71 0.12 [

I
4

5trontlam 9t1 < 0.03 - - - - -
- - - -

Urantim-231 1.47,0.11 0.04 0.01 0.05 3.16 - 0.05 0.56 0.61
Uranium-235 < 0.05 - - - - -: Uran i t.ni-2 38 0.30:0.09 0.01 - - 0.01 0.58

- - - -; Iteritsu-223 0.05:0.04 (a) 0.02 - 0.02 0.02
- 0.01 0.08 0.09Ihur itan-230 0.10:0.05 (a) 0.16 0.06 0.22 0.20 (a) - 0.03 0.03
(a) 0.01 0.05 0.06

.

1huritse-232 0.11:0.06 (a) 0.20 0.07 0.21 0.23 (a) - 0.04 0.04resium-131 2.53:0.13 - - - - 0.58 - - -Iotal
_6~8 3 B.70

-

FM
Sample Identification: 8-069-5-6 ----

7
,

9

, n Railite-2/6 * 0.5 - - - - -
- - - -

7 a Radium-228 < 0.1 - - - - -
- - - - i

i cn Strontitam-90 < 0.03 - - - - -
- - - -

4 Uraniima-234 * 0.05
*

- - - - -
- - -Uranism-235 0.05 - - - - -

-
i

.

l Us a nita-238 0.05 - - - - -
- - - -

*
4

- - - - '

Ilan f un-228 0.78:0.53 (a) 0.31 0.05 0.36 0.30 (a) 0.!! 0.75 0.86| Ihur tima-230 0.2810.32 (a) 0.45 0.11 0.62 0.56 (a 0.01 0.09 0.10Itcritag-212 0.78t3.48 (a) 1.43 0.53 1.% 1,61 (a 0.02 0.30 0.32
i Cesism-131 * 0.08 - - - -

Ingal
-

- - .- -

D4 '2~Uj (a) lar-30 classities tiorlim compounds as Y and W twe. T~ffi
. '

1

i i

{
i

,

,i

|
4

1

!

i
I

i t __ , t.
_ { -f .E - - - - - . ' "'

, e
-
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l Aat l' C-10 '

54miple identificatioen: g-0/2-5-b
i

f algsure to Bone {mnufyr) ppusure to lung jaremfyr}lype of Activity Clearaswe kate
Cleasance Rate ~Analysij (pCl/q day) D ~ T-~ f Iotal In3estion 0 is r total

>

j.
R.edha-2?b I.010.4 0.37 0.01 0.02 0.42 8.9 - 0.04 0.73 0.77Radhm-228 0.72 0.26 0.11 0.06 0.04 0.21 3.22 - 0.01 0.58 0.59 rSteiwalita 90 < 0.03 - - - - - - - - -Ve aniann-234 3.8t0.8 0.10 0.03 0.01 0.14 8.17 - 0.12 1.44 1.56

-

U antim-235 0.4610.29 0.01 - - 0.01 0.89 - 0.01 0.14 0.15
.-

Us aniula-238 3.5t0.8 0.09 0.02 0.01 0.12 6.79 - 0.01 1.00 1.01
|

Ihusita-22H < 0.05 (a) - - - - (a) .
- -

t

'

Ihuriam-230 0.14:0.06 a 0.22 0.6sd 0.30 0.28
a

-, 0.04 0.04
,

llan itam-232 0.13:0.06 a
a 0.24 0.09 0.33 0.27Cesita-137 0.12:0.05 - - - - 0.03 - - - -

[
0.05 0.05

4 Iota 1 {Q 20T55 ~ . l/4

Sample identificatlon: g-073-5-6

Radismu-226 2.5 0.5 0.93 0.07 0.06 1.06 22.25 - 0.09 1.81 1.92Q Radite-228 < 0.1 - - - - - - - - -S t ron t ita-90
@"

< 0.05 - - - - - - - - -Us6nium-234 12.5:1.1 0.35 0.09 0.04 0.48 26.t;8 0.01 0.41 4.75 5.17Usanium-235 0.79:0.29 0.02 - - 0.02 1.53 - 0.02 0.24 0.26
,

Ur anitmu-233 3.4410.58 0.09 0.02 0.01 0.12 6.67 - 0.10 0.98 1.08
;

lhuritan-220 0.05:0.03 (a) 0.02 - 0.02 0.02 (a) 0.01 0.05 0.06thorium-210 0.06:0.03 (a 0.10 0.04 0.14 0.12 (a) - 0.02 0.02
;

ll.orium-232 0.05 (a - - - -

(3) - - -

;<

Cestia-137 0.5720.06 - - - - 0.13 - - - -
1

Iotal EM 67~.~66 3B(a) ICHP-30 classifies thorium compounds as Y ami H tyge.
.
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,

I Alst E C-10

Sample identif ication: 8-Otl4-5-6
"

[xinguretoBone,(orem/yrl Exposure to lung _{en_em]yr)
type of Activity Cleaiance Rate Clearance Rate
Analysis (pCl/g dry) D ~Y 'I lotal in9estion 0 id ~T-- lotal

R4Jiime-226 3.6 0.4 1.34 0.10 0.09 1.53 32.04 - 0.13 2.64 2.77
Ra<liian-728 2.40:0.21 0.37 0.19 0.14 0.70 10.73 - 0.04 1.93 1.97 ,5tsuntium-99 < 0.03 - - - - - - - - -

Ur anitan-21% 4.ft i D. 9 0.13 0.04 0.01 0.18 10.32 - 0.16 1.82 1.98
Urasilum-2 35 0.2tn 2 7 8 0.01 . - 0.01 0.50 - 0.01 0.08 0.09
Ur an tima-2 38 2.2:0.6 0.06 U.01 - 0.07 4.27 - 0.06 0.63 0.69
Ihor fian-228 0.06:0.04 (al 0.02 - 0.02 0.02 (a) 0.01 0.06 0.07
Ihor Itan-230 0.07:0.04 (al 0.11 0.04 0.15 0.14 (a) - 0.02 0.02
Ihoritan-232 4 0.05 (aj - - - -

Ces t amn- 131 1713 - - - - 3.91 -(a)
- - -

- 0.02 -

Iota 1 D6 6T~93 7.59

Saavle identification: 8 035-5-6
o
i Haditan 226 11.6t0.8 4.33 0.33 0.29 4.95 103.24 0.01 0.42 8.50 8.93
N Radiian-2;8 1.09:0.55 1.09 0.57 0.42 2.08 31.69 - 0.10 5.71 5.81 '

N 5teontiuni-90 0.1710.06 - - - - 1.49 - - - .

Un asilian-214 11:1 0.30 0.08 0.u3 - 23.65 - 0.36 4.18 -

Uranium.2 35 1.00.5 0.05 0.01 - 0.06 3.49 - 0.06 0.55 d. e,1

Uran tian-2 38 2.8i0.6 0.01 0.02 0.01 0.10 5.43 - 0.08 0.80 0.88 t

Iborium-228 1.1 0.2 i a 0.44 0.07 0.51 0.42 (a) 0.15 1.06 1.21
thortim-230 0.13:0,01 La 0.21 0.08 0.29 0.26 (a) - 0.04 0.04
Ihoritan-232 0.15:0.00 [a 0.27 0.10 0.37 0.31
Cestem-137 II.3tl.0 - - - - 2.60 -(a)

- 0.06 0.06
- - -

3

Iotal Cl .D 2. 2 IW
(a) ICRP-30 classifies thoritsa cumpounds as Y sud 14 type. *

i
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Sahple Ides.tilitation: u-lut.5 6
blMige to Hone.(aremfyr} hpsuretolung_(aremfyrj

Clearance Rate
Iype of Activity Clea ance Rate
AnalyMs (pCi/q dry) D V~ Y lotal ingestion D W ~~~f lotal

Radlun-??6 2.0to.3 0.15 0.06 0.05 0.86 11.80 - 0.01 1.46 1.53
*

Radlima-2?u 1.4410.21 0.22 0.12 0.09 0.43 6.44 - 0.02 1.16 1.18

< 0.01 - . - - - - - - -

Stsontitan 90
Us anitma-2 34 0.39t0.01 0.01 - - U.01 0.84 - 0.01 0.15 0.16

.

Usanitam 235 0.14to.04 - - - - 0.21 - - 0.04 0.04

i Uraniana-2 3tl 0.43 0.01 0.01 - - 0.01 0.83 - 0.01 0.12 0.13

< 0.05 (a) - - - - (a) - - -

Ihoritan 22tl
0.05 (a) - - - - (4) - - -

Ihoritan-230 <

4 0.05 (a) - - - - (a) - - -

lhor itme-2 32
< 0.08 - - - - - - - - -

Cesitma-131
I]l~ 26'.T8 ]M

Iotal

Sauple Identificattun: g-109-5-6

Raditan-226 1.1:0.3 0.41 0.03 0.03 0.41 9.19 - 0.04 . 30 0.84*

Radium-228 1.6t0.2 0.25 0.13 0.09 0.41 1.15 - 0.02 1.29 1.31

O.03 - - - - - - - - -
'

O 5t r ont itan-90 '

1 Us ant um-2 34 1.8t0.5 0.05 0.01 - 0.06 3.U1 - 0.06 0.68 0.14

CD Uranium-235 0.26tu.20 0.01 - - 0.01 0.50 - 0.01 0.00 0.09

Us an tima-2 38 1.4 0.4 0.04 0.01 - 0.05 2.12 - 0.04 0.40 0 44"
< 0.05 (a) - - - - (al - - -

lhoritan-22C
0.05 (a) - - - - (al - - -

lhorium-230 <

< 0.05 (a) - - - - (a.) - - -
,

Ihuritan-232
0.08 - - - - - - - - -

t
Ces tima- 131 < E42

1.06 24.~03Iotal
(4) 10RP-10 classifies thoritan ctunpounds as V and W type.
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Sample Identification: 8-120-5-6

f 819sure to Bone jaa ty/n) Egosure to lung,(sus _ewlyrl
lype of Activity Clearance Sate Clearance ItateAnalysis (pCi/q dry) 0 ~"W -~ f lutel Ingestion D W 'f-~~~~ lotal

Radium-226 17.910.9 6.69 0.51 U.44 7.fA lb9.31 0.02 0.65 13.11 13.78Radium-228 0. 38 t 0.15 0.05 0.03 0.02 0.11940 1.70 0.01 0.31 0.32-
4 5trontiimm-90 0.03 - - - - - - - - -

<

Uranisma-2 31 26,4 0.18 0.20 0.08 1.06 60.20 0.01 0.92 10.63 11.56Uranitas-235 21 0.6 0.07 0.02 0.01 0.10 5.24 - 0.08 0.83 0.91Uranlue-238 2.8t0.6 0.07 0.02 0.01 0.10 5.43 - 0.08 0.80 0.88Ihor itan-228 < 0.05 (a l - - - - (a) - - -ihorlian 230 0.Outo.05 (al 0.13 0.05 0.18 0.16 () - 0.02 0.02lhos lisu-232 0.05 (aj - - - - (a) - - -

<

Castua-137 * 0.08 - - - - - - - - -

Total 9719 Mf.~04 M~41

Sawiple Identif ication: 0-121-5-6
m
a RaJiian 226 2.3i0.3 0.86 0.06 0.06 0.98 20.47

,

0.08 1.68 1.76" -
Radlian 228 '5 0.1 - - - - - - - - -b St ron t itan-90 0.C3 - - - - - - - - -

<
Uraniimn-231 15:1 0.42 0.11 0.04 0.57 32.25 - 0.50 5.10 6.20Ue'anium-235 0.6110.29 0.02 - - 0.02 1.18 0.02 0.19 0.21-

Urasiltan-213 1.8i0.5 0.05 0.01 - 0.06 3.49 - 0.05 0.51 0.56Iluir iaan-228 * 0.05 (a) - - - - (a) - - -

lhor ium- 2 30 0.21:0.07 fa) 0.34 0.13 0.47 0.42 (a) 0.01 0.07 0.08Ituarilma-2 32 0.1110.06 Ia) 0.20 0.07 0.27 0.23 (a) - 0.04 0.04
Cesitaa- 137 0.08 - - - - - - - - -4

Iotal I.~17 II.ii4 IE85
(a) ICRP-30 (lassifies thoritmo mapounds as Y arn! W type.
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. Sangeli Identificattun: 8 062-5-6'

!alsosure 1o Bus.e bnhyr) Eaposure to Iung _hreinhd
type of Activity Clearance Rate Cleasance Hate.{najygs (pCl/9 dry) D -~W Y lotal Iniacs t losi D W T~~~ lutal ,-

Radlime-2/6 * 0.5 - - - - - - - - -

Raditma-22ts * 0.10 - - - - - - - - -
S t run t l ume-9'3 * 0.03
Uranismu-214 * 0.05

- - - - - - - - -
- - - - - - - - .

Uraniten-215 * 0.05 - - - - - - - - -

Usanitma 238 * 0.05 - - - - - - - - -

Ilwarlian-22 t ' O.05 (,) - - - -

(a)
- - -

- - -

t hur itme-230 * 0.05 (,) - - - - ,)
- - -

7

liair iime-2 3t * 0.05
festian-137 ' 0.08 -(a)

- - - -

a)
- - -

- - - - -
'

lotal - -
-

,

Sangile Identification: B-061-S-6'sg
*

s

[ Ndd i"'.2/6 2.5:0.2 0.93 0.07 0.06 1. 0t, 22.25 - 0.09 1.83 1.92cn Radiuin-2/3 1.5:0.1 0.23 0.12 0.09 0.44 6.10 - 0.02 1.21 1.23St ront iim+ 90 0.29:0.06 - - - - 2.54 - - - -

Us anismu-234 0.23:0,11 0.01 - - 0.01 0.49 - 0.01 0.09 0.10
,

Urantime 2h 0.18t0.10 - - - - 0.35 - - 0.06 0.06Uran ba-238 0.23:0,11

-(a)
- - - 0.41 - 0.01 0.06 0.01Thurline-228 < 0.05 - - - - (a l - - -

Blun iima-2 JO 0.3010.12 (a 0.43 0.10 0.66 0.60 (al 0.01 0.10 0.11(a)licritan-2 32 0.30:0.11 s 0.55 0.20 0.75 0.62 (aj 0.01 0.11 0.12Ces iisa. I 37
192

Total ~ ~ ~
'M Bi2

(4) ICRP 30 classifies thuritan congeunds as Y and W type.
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1981 BACKGR00 TID OATA

E-S SERIES

SURFACE

lype of E-1-S-0 E-2-S-0 E-3-S-0 E-4-S-0 E-5-S-0
Analysis. pCi/gm(dryl gCijgnfory pCi/gn(dry) pCi /gm(dry) gCi/gm(dry
Gross Alpha 5.9 1 3.2 4.2 1 2.9 5.1 1 2.8 6.8 1 3.2 5.2 1 3.0
Gross Beta 4.7 1 2.1 4.3 1 2.1 4.6 1 2.1 5.812.2 S.4 1 2.4
Radium-226 < 0.5 < 0.5 < 0.5 < 0.5 2.0 1 0.5
Radium-228 < 0.10 0.4310.21 1.1110.31 0.87 1 0.19 0.69 1 0.26
St ront i um-90 < 0.03 < 0.03 0.04 1 0.03 0.1210.08 0.03

j' Uranium-234 1.24 1 0.29 1.47 1 0.32 0.9510.81 1.56 1 0.23 1.35 1 0.21
Uranium-235 0.42 1 0.17 0.34 1 0.15 0.36 1 0.40 0.1610.08 0.2810.16

Uranium-238 1.0310.26 0.97 1 0.26 0.7910.63 0.9210.19 0.6310.31

Thorium-228 0.10 1 0.05 < 0.05 0.09 i 0.04 < 0.05 < 0.05
Thori um-230 < 0.05 < 0.05 0.15 1 0.07 0.10 1 0.04 < 0.05

Tiorium-232 < 0.05 < 0.05 0.3510.08 < 0.05 < 0.05
Cesium-137 < 0.08 < 0.08 < 0.08 0.66 1 0.06 1.7310.13

.
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i 1981 BACKGROUND DATA

E-S SERIES - WATER SOLUBILITY TEST

SURFACE

Type o f E-01-S-0 E-02-S-0 E-03-S-0 E-04-S-0 D-05-S-0
Analysis pCi/gm(dryl pCi/gm(dryl pCi/gn(dry) pCi/gm(dryl pCi/gm(dry)

< 0.3 < 0.3 < 0.3 < 0.3 < 0.3Gross Alpha

Gross Beta < 0.1 < 0.1 0.4 1 0.3 < 0.1 < 0.1
Radium-226 < 0.5 < 0.5 * 0.5 <>0.5 < 0.5

Radium-228 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10
A, St ront i um-90 < 0.03 < 0.03 < 0.03 < 0.03 < 0.03

Uranium-234 1.910.2 < 0.05 0.2310.10 < 0.05 < 0.05

Uranium-235 0.2410.09 < 0.05 0.07 1 0.05 < 0.05 < 0.05
Uranium-238 0.1310.07 < 0.05 0.1510.08 < 0.05 < 0.05

Thorium-228 < 0.05 0.10 1 0.04 < 0.05 < 0.05 < 0.05

Thorium-230 0.05 < 0.05 < 0.05 < 0.05 < 0.05<

Thorium-232 0.05 < 0.05 < 0.05 < 0.05 < 0.05<

4 0.08 < 0.08 < 0.08 < 0.08 < 0.08Cesium-137

.
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1981 BACKGROUND DATA

E-S SERIES

SURFACE

Type of E-6-5-0 E-7-S-0 E-8-S-0 E-9-S-0
A_na lys_.i s_ pCi /gm(dry) pCijgm(dry) pCi /gm(dryl pCi/gm(dry [

.,

Gross Alpha 4.0 1 2.4 3.2 1 2.0 9.2 2 3.3 8.8 1 3.1
Gross Beta 1213 3.4 1 2.0 8.2 1 2.3 20 1 3
Radium-226 0.7 1 0.4 < 0.05 < 0.5 < 0. 5

Radium-228 < 0.10 < 0.10 0.3610.19 < 0.10g

0 Stronti um-90 0.9110.19 < 0.03 0.3310.08 < 0.03
Uranium-234 <0.05 2.0910.97 1.31 1 0.44 0.9410.20
Uranium-235 < 0.05 0.90 1 0.62 0.39 t 0.24 < 0.05
Uranium-238 < 0.05 2.70 i 1.08 0.9710.38 0.5310.18
Thorium-228 0.0510.03 <0.05 0.0510.04 < 0.05
Thorium-230 0.21 1 0.06 < 0.05 < 0.05 0.06 1 0.04
Thorium-232 0.13'i 0.05 < 0.05 < 0.05 0.13 1 0.06
Cesium-137 4.76 1 0.20 3.3910.21 1.9210.13 0.2310.04

.
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1981 BACKGROUND DATA

E-S SERIES

SUB-SURFACE

Type o f E-1-S-6 E-2-S-6 E-3-S-6 E-4-S-6 E-5-S-6
Analysis, pCi/gm(dry) pCi/gm(dry) pCi /gm(dry) pCi /gm(dry) pCi/gm(dry)
Gross Alpha 4.5 1 3.0 4.013.0 3.7 1 2.4 4.4 1 2.5 4.4 1 3.2
Gross Beta 3.6 1 2.1 2.8 1 2.0 1.5 i 1.0 3.0 1 2.3 3.7 1 2.1
Radium-226 < 0.5 1.610.4 < 0.5 0.0 1 0.3 1.810.5

Radium-228 < 0.10 0.06 1 0.22 0.3810.19 1.36 1 0.25 < 0.1a
E Strontium-90 < 0.03 < 0.03 0.2310.11 < 0.03 < 0.03

Uranium-234 < 0.05 0.9910.19 0.9810.23 1.91 1 0.31 0.4910.13

Uranium-235 < 0.05 0.11 1 0.09 0.10 1 0.03 0.2310.12 0.0810.06

Uraniua-238 < 0.05 0.9110.18 0.7410.21 0.5910.28 0.3810.12

Thorium-228 0.06 1 0.04 0.1310.07 0.06 1 0.05 < 0.05 0.11 1 0.05
Thorium-230 0.2110.08 0.0810.02 0.1410.08 < 0.05 0.0910.05

Thorium-232 0.1910.07 0.2910.03 0.1210.08 < 0.05 0.10 1 0.05
Cesium-137 < 0.08 0.29 1 0.05 0.2810.06 0.20 1 0.04 < 0.08

.
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1981 BACKGROUND DATA

E-S SERIES - WATER SOLUBILITY TEST

SURFACE

Type of E-06-S-0 E-07-S-0 E-08-S-0 E-09-S-0
Analysis pCi/gn(dryl pCi/gm(dry) p_C1/gn(dry) pCi/gm(dryl

Gross Alpha < 0. 3 < 0. 3 < 0.3 < 0. 3
Gross Beta 0.7 1 0.3 < 0.1 2.0 1 0.4 < 0.1

Radium-226 < 0. 5 < 0. 5 < 0.5 < 0. 5
Radium-228 < 0.10 < 0.10 1.1 1 0.4 < 0.10

$ Strontium-90 < 0.03 < 0.03 < 0.03 < 0.03
Uranium-234 < 0.05 < 0.05 < 0.05 0.35 1 0.11
Uranium-235 < 0.05 < 0.05 < 0.05 0.0510.04

Uranium-238 < 0.05 < 0.05 < 0.05 0.21 1 0.10
Thorium-228 < 0.05 < 0.'05 < 0.05 < 0.05

*

Thorium-230 < 0.05 < 0.05 < 0.05 < 0.05

T horium-232 < 0.05 < 0.05 < 0.05 < 0.05

Cesium-137 < 0.08 < 0.08 < 0.08 < 0.08

.
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1981 BACKGROUND DATA

E-S SERIES

SUB-SURFACE

Type of E-6-S-6 E-7-S-6 E- 8-S-6 E-9-S-6
Analysis pCi/gm(dyd pCi/gm(dry) pCi /gm(dry) pCi/gm(dry)
Gross Alpha 3.112.2 3.2 1 2.2 3.6 1 2.3 1.920.9

-

Gross Beta < 0.1 < 0.1 1.511.1 < 0.1

Radium-226 < 0.5 < 0.5 0.6710.16 1.1210.26
,.

? Radium-228 < 0.10 < 0.10 0.9010.13 0.40 1 0.14
,

Strontium-90 < 0.03 < 0.03 < 0.03 < 0.03

Uranium-234 < 0.05 3.7911.28 0.4810.13 0.40 1 0.10 -
,

Uranium-235 < 0.05 1.42 1 0.77 < 0.05 0.0910.05

Urani um-238 < 0.05 3.9411.29 0.2610.09 0.37 1 0.09
Thorium-228 < 0.05 0.16 1 0.06 0.0910.04 0.0510.03

T horium-230 0.28 1 0.10 0.32 1 0.17 < 0.05 0.11 1 0.05
Thorium-232 0.15 1 0.10 0.2110.08 0.1310.08 0.14 1 0.06
Cesium-131 0.2910.05 0.36 1 0.07 < 0.08 0.55 1 0.05

.
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