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CHAPTER 1
INTRODUCTION

Disposal of much of the radioactive waste generated at the
University cof Kansas Medical Center is by burial at the University of
Kansas radioactive waste disposal site. This disposal site was estab-
lished on the assumption that buried activity would not remain in the
burial containers, but would leach through the soll. Based on thals ass
tion, burial limits were established which prevent the lezached activity
from exceeding the maximum permissiblie concentrations (MPC) for water.
This project is to quantitate the amount of leaching and to verify the
safe operation of the burial site after aﬁproximately ten years of use.

Radioactive waste is buried in a 200' x 200' section of land
located 907.3' South and 216' East of the Northwest corner of Secticn 1
Range 21g, in Johnsosn County, Kansas.1 This location h;s been used for
disposal of radivactive waste since 1965. Figure 1, page 3, shows the
location of the disposal site in relation to Kansas City.

Trenches 1.5’

wide, 6' to 8' deep, and 10' teo 100' long are dug
for burial of radiocactive waste. The waste material is either stacked
or thrown inte the trenches until the trench is filled to a depth of 2'

below ground level, after which the trench is backfilled plus an addi-

tional amount of extra soil is mounded over the top. Figure 2, page 4,

lUniversitv of Kansas Medical Center - Radicactive Materilals
License 18-C054-02, 1974,

umg~

"
3.
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shows the burizl location of waste as of November 18, 1976. The diagram
is not drawn to scale.

Containers used to bury the waste are not selected to insure
containment of the material after it is placed in the trench, and at
no time during the burial procedure are pre;autions taken to prevent
rupture of the containers. Examples of the types of containers used
include plastic bags, plastic or glass viais, and cardboard boxes, and
it would be logical to assume that many of the containers will rupture
or deteriorate, during and after completion of a burial, thereby
réleasing<radioactive waste.

Various isotopes and chemical compounds have been buried at the
disposal site. However, due to the time which has elapsed since the
burials were initiated plus the fact that most of the waste buried is
H-3 and C-14, only these two isotopes have been studiéd in this project.
Soil samples were taken in several locations and at various depths in
and around the disposal site. The samples were counted in a liquid
scintillation counter to determine whether carbon-14 (C-14) and
hydrogen~3 (H-3) are present at levels exceeding those which naturally
occur. Table 1, page 4, lists the decay characteristics? and the amount
of activity which has been buried for these two isotopes. Tables 2 and
3, page 7, 1ist: some of the classes of compounds and specific chemical
forms, most of them buried in 2 toluene or xylene base liquid scintil-

lation fluid. This type of waste accounts for approximately 70% of the

waste volume.

®Chemical Fubber Company. CRXC Handbcok of Radicactive Nucliides,
1969, The Chemical Rutber Company, Cleveland, Ohio, 1969, p. 34.
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Geological Characteristics of the Dispeosal Site

The burial plot is composed of the following types of soil in
distinct stratified layers: 1)the topsoil is aﬁimwnee clay loam, and
this surface layer is approximately 24-32% clay and varies from 10~18"
in depth; 2)the subsoil is 35-50% clay and is from 24-40" thick; 2)the
substratum is variable in texture and is about 40-110" thick: 4)below
this substratum is a layer of rock lake shale consisting of sandstone
and sandy shale.’ Figure 3, page 5, illustrates the vertical strati-

fication and slope (4-6%) of the disposal site.

FIGURE 1

LOCATION OF THE DISPOSAL SITE
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FIGURE 2

DISPOSAL SITE
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TABLE 1

DECAY CHARACTERISTICS CF H-3 AND C-14

Isotope T Radiation Emitted  Activity Buried
H-3 12.3 years 8™ (.0186 MeV) 2,200,000 jci
C~14

5730 years B~ (.156 MeV) 300,000 ucCi

4




FIGURE 3
Cross-Section of the Waste Disposal Site

(piagram not to scale)
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CHAPTER 1II
METHODS AND MATERIALS

In order to accomplish the objective of this project, it was
necessary to divide the work into two major projects. The first required
development of a method to extract radiocactive material from socil obtained
at the disposal site. The second involved collection of disposal site
soil samples which were then analyzed by the technique developed in the
first project to determine the amount of radicactive material attriburable
to the‘disposal site.

Project #1: Determining the Capability for Removal of Radioactive Material

from Soil

To determine if radinactivity 1is leaching from the disposal site,
it was necessary to develop a method to remove radioactive material from
soil in a manner that would cause it to go into solution with the scin-
tillation fluid and to 2liminate as much as possible any quenching due
to the soll sample. This was accomplished by adding labeled compounds
to scil to simulate the presence of leached radioactive material and
then using various agents (hereafter called strippers) to extract the
activity. To reduce the quenching effect of the soil, samples were cen-
trifuged to pack the soil on the bottom of the vial. Known amounts of
labeled materisal were added to the soil, processed, and counfed; then an
internal standard was added to each sample so that the results could be

related to the percent removal efficiency for eacn stripping agent.

Rt e e R
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The labeled compounds used in this research are representative
of the major classes of compounds buried at the disposal site and are
listed in Table 2, page 7. For each of the classes listed in Table 2,
one labeled compound was used to study the class removal properties. The

specific compounds and their radioactive label are listed in Table 3.

TABLE 2

CLASSES OF COMPOUNDS BURIED AT THE
RADIOACTIVE WASTE DISPOSAL SITE

Sugars

Amino Acids
Water

Fatty Acids
Organic Solvents

.

v~ W
. L] .

TABLE 3

LABELED COMPOUNDS USED FOR STUDYING REMOVAL
PROPERTIES OF THE STRIPPING AGENTS

Class Compound Isotope Label
Sugars Glucose C-14
Amino Acids A.A. Mixture* C-14
Water Water H-3

Fatty Acids Choesterol C-14
Organic Solvents Toluene C-14

*A.A.: Amino Acid Mixture
The chemical classes and specific chemical forms used as
stripping ageunts are listed in Tabie 4, page B. The classes were chosen

to reflect a broad specttum of chemical reactions to determine which

e B R S R T



stripping agent had the best composite extraction efficiency for the
labeled compounds listed in Table 3.

Samplesvwere counted in a Packard Tri-Carb liquid scintillation
counter set to operate in the balance point mode.! Packard Dimulume-30, -
a scintillation fluid containing a chemi-luminescence inhibitor, was usead

for the counting fluid.

TABLE 4§

STRIPPING AGENTS

Class Chemical Form

Acid HCL (pH-1)

Base Protosol

Organic Solvent Liquid Scintillation Fluid
. Water Water
' Chelating Agent EDTA*

*Ethylenediamenetetraacetic Acid
It was calculated that 1.5 to 3.0 grams of soil would be needad
to produce significant counts. The assumptions and calculations used to
determine this value are contained in Appendix A.

Quenching effect of soil. Several techniques were considered to find

f some method of counting the soil samples without producing severe quenching

5 due to the soil. An initial experiment indicated that the procedure

developed by Joseph2 could not be used in this project because of the

quenching produced by suspending 1.5 to 3.0 grams of soil in each vial.

INuclear Chicago Mark I Scintillation Counter Imstrumentation
Manual, Section 4, pp. 1-7.

i
£
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2%. T. Joseph, "Radioactivity in the Rocks and Minerals of Kansas".
Unpublished Masters Disertation, Universicy of Kansas, 1972, pp. 17-18.
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Table 6, page 25, shows the quenching affect of suspending various amounts
of so0il in a liquid scintillation fluid.

Other experiments included the use of filter papers to separate
the soil from the strippers, separating funnels to remove the soil sedi-
ment from the strippers, and vacuum pumps to apply suction to ‘the two above
methods. These experiments resulted in very poor counting or extraction
efficiencies and were discarded, and no data is contained in this thesis
outlining these results since these experiments were very preliminary.

The procedure finally decided upon for separating the soil from
the processed samples involved spinning the samples, each containing 15 ml
of Dimulume-30 and 1.5 to 3.0 grams of soil for approximately 30 minutes,
until the soil formed a solid layer on the bottom of the vial and until
there were no visible soil particles floating in the scintillation fluid.
This proved to be a satisfactory method since the sample vial is inserted
between the detectors of the scintillation counter and the scil packed on
the bottom of the vial does not add significantly to the quenching.

To determine the quenching effect of soil after‘centrifuging the
samples, an 1ncreasing amount of soil was added to a series of vials and
the vials centrifuged for 30 minutes. A known amount of C~14 toluene
(8.7 x 10? ntpm*) was added to each vial, the samples countad, and the
degree of quenching determined by dividing the net CPM by the ntpm added.
This procedure was then repeated using H-3 tolueme (5.6 x 10" ntpm).

Chemical luminescence and quenching effects of the stripping solutions.

Prior to determining the extraction efficiencies of the stripping agents,
their chemical luminescence and quenching properties were determined. The
chemical luminescence properties were determined by pipetting 3 ml of the

*ntpm: nuclear transformations per minute

it v o
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stripper into 15 ml of Dimulume-30, ailowing the solution‘adequate time
to cool in the scintillarion counter, and then counting each sample for
10 minutes. Two samples were used for each stripping agent. The results
were compared with data obtained from samples containing only scintilla-
tion fluid.

| The quenching effect of the stripping agents was determined by
adding a known amount of activity (C-14 toluene, 6.4 x 10* ntpm) to a
series of vials containing 15 ml of liquid scintillation fluid and then
adding three ml of the stripper. Two vials were used for each stripper.
The vials were placed in the counter to cool for 15 minutes and then were
counted for two minutes. The quenching effect was determined by comparing
the results obtained from the samples containing the strippers with the
results from samples containing no strippers but with the same amount of

activity.

Determining the extraction efficiencies of each stripper. For each labeled

compound. The purpose of this experiment was to determine quantitatively
the extraction efficiency of the strippers and then to decide which one
gives the best overall extraction efficiency for the iabeled compounds.
Six vials were used for each stripping agent (total of 30 vials for each
labeled compound). Into each series of vials, approximately two grams of
soil and a known amount of labeled compound were added. To duplicate any
binding that might occur during natural leaching, the vials were allowed
to set overnight. Two ml of the stripper were then added and the samples
processed to determine the extracticn efficiency. The step-by-step

procedure used to process the samples is contained in Appendix B.




11

Project #2: Determining Whether Radicactive Material is Leaching from

the Disposal Site

Site preparation. Prior to collecting soil samples from the disposal

site, the area was divided into four distinct sections: background,
burial, lower level, and creek bottom. ’Background is approximately 300'
North and across a gully from the burial site. Its purpose was to pro-
vide background data, assuming radioactivity would not leach across the
gully and uphill and that soil samples collected from this section would
be similar to those collected from the burial, lower level, and creek bottom
except that possible radioactivity leaching from the burial site would nct
be present. The burial section is the area of the radioactive waste dis-
posal site where waste is buried, and it constitutes an area of approxi-
mately 200' x 70'. The lower level section is located adjacent to and
below the burial section. The last section is the creek bottom. If activity
were found to be leaching from the burial site, samples would be collected
from the creek to determine if activity is being carried in the stream.
The nearest point of the creek is 150' from the bottom of the lower level.
The sampling area is illustrated in Appendix C.

After the sections were outlined, wooden stakes were driven into
the ground to indicate the sampling sites. There were five sites in the
background section, ten in the burial, ten in the lower level, and six in
the creek bottom. The sampling sites, (recorded in Appendix C), selected
in the burial section were located between the burial trenches.

Sample collection. Wherever possible, samples were taken at depths of 3',

6', and bedrock in order to obtain a cross sectional representation of the
disposal site. In the background and burial plots, samples were obtained

at the specified depths. In the lower level plot, samples could only be

:

X
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taken at 3' and bedrock. The depth of the bedrock determined the sampling
depth and thus the number of samples taken from each sampling site. The
creek bottom samples were taken from 6" to 12" below the surface of the
ground.

Two methods were used to"obtain samples. Initially, a 4" auger was
used to drill a hole to the desired sampling depth. The auger was then
removed and a core barrel fastened in its place. The core barrel was lowered
to the bottom of the hole and pushed into the soil to a depth of 4-10". The
core barrel was pulled out and the s0il sample removed. The auger was then
replaced and the hole drilled to the next desired depth. This procedure
was repeated for each sampling site in the area. The auger and core barrel
equipment are shown in Figure 4, page 13. The removal of a soil sample from
the core barrel is shown in Figure 5, page 14,

The second method used for obtaining core samples involved use of
only the core barrel. In this method, the core barrel was pushed into the
soil to the desired depth (3', 6', etc.), the barrel pulled out to remove
the soil sample, and the barrel reinserted and pushed to the next desired
depth. This method provided the same type of sample, but required less
collection time.

To prevent cross contamination of the core samples, separate cloth
bags were used for each soil sample. The bags were marked according to the

sampling area, location within the area, and the sampling depth.

Sample preparation., Since the primary method of removing radioactivity froem

the soll was by direct contact with the scintillation fluid (determined from
Experiment #1), it was necessary to have the soil surface area as large as
possible. This was accomplished by pulverizing the core samples on a wire

screen to produce a sample of sandy consistency.




FIGURE 4
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FIGURE

REMOVAL OF SOIL SAMPLE
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‘over a period of 20 to 30 minutes, and then allowed to stand overnight.

15
After the core sample was pulverized, appreoximatzly two grams cf
soil were measured into a preweighed scintillation vial and the vial was
reweighed to determine the exact weight of the soil added. Next, 15 ml

of Dimulume-30 were added to the vial, the vial vortexed several times

Following the overnight soaking period, the samples were again vortexed
several times and centrifuged until the soil formed a hard layer on the

bottom of the vial. Figure 6, page 16, iliustrates the appearance of the

vials after adding the soil, vortexing, and finallv centrifuging. The outside

surface of the vials was cleaned with ethanol to remove any fingerprints or
80il which might reduce light transmission through the glass. The samples

were placed in a liquid scintillation counter for 10 to 15 hours fo reduce

any photo~ or chemi-luminescence and then counted for 100 minutes each.

After all the samples from a particular area had been counted, a
H-3 internal standard was added (100A, H-3 toluene, 1.24 x 10% ntpm). The
samples were then counted for two minutes and the above procadure tepeated
using C-14 toluene (1.0 x 10* ntpm).

The samples were counted on a Searle Mark III liquid scintillatica
counter. The counter was programmed to count in the dual label (H~3 and
C-14) variable gquench mode. In this mode, the instrument automatically
shifts the windew to center the spectrum peak thus maximizing the counting
efficiency.3 The step-by-step proceduré used for processing the soil sampls

is contained in Appendix D.

*Searle Mark IIT Scintillation Counter Instruction Manmual, Sec-
tion 5, pp. 3-42.




FIGURE 6

SAMPLE APPEARANCE
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Data analysis. The data collected during the preject is contained in

Appendices E through H. Appendix E contains the data collected from the
background plot, Appendix F contains the data collected from the burial
plot, Appendix G contains data from the lower lzvel, and Appendix H con-
tains data from the creek bottom. A sample calculation is shown below.
The information for this example was taken from Appendix F for positions
1-3.

Legend. bkg: background count from scintillation fluid end vial

BKG: background count from soil

<|

mean
CPM: counts per minute
0: standard deviation
I.S.: internal{standard
ntpm: nuclear transformations ger minute

eff: efficiency

A. Calculation of the mean (M) sample CPM - bkg %t O
1. Gross H-3 M CPM
8250 cts/100 min.
7653 cts/100 min.

16075 c¢ts/100 min.
21982 cts/3200 min. = 107 CPM

1
2. o0 = {107 CPM/300 min)? = .6 cts.

3. Net H-3 A CFM £ ©

{gross CPM - bkg) t o

1.

(107 - 15) + €(.6)%2 + (.16)%»¢




B. Calculation of sample ntpm = o
1. Gross M CPM % o (soil sample, 1.5., bkg)

6301 cts/2 min.
6373 cts/2 min.
6534 cts/2 min.
19208 cts/6 min. = 3201 CPM % 23.

tgross CPM(sampie + 1.S. + bkg)
net sample CPM - bkg}y t O

2. Net |I.5. CPM £ 0O

(3201 - 92 - 15) + £(24)2 + (.6)% + (1)2)?

3094 = 24

1.S. net CPM * ¢
. .3, .t =
3 1.S. eff ° .S, ntpm = ©

o

»

Q
]

5% calibration error + 3% pipetting error
€(.05)2 + (.03)2}%
= ,06

i

b. o (net 1.S. CPM) = 24/3094 = .008

_ 3094 + .008

c. 1.5, eff %
1.24 x 10" = .06

Q
[

+

25 + £(.06)2 + (.008)2}?
= 25 + .06

=25 + 1.5

net sample CPM £ o
+
4. Sample ntpm t o S eff T o

.06 CPM

92 ¢
* 1.5%

.2

)+

_ 92 t .007
T25 £ .06

£(.007)% + (.06)2}
368 + .06

368

+

368

i+

22 ntpm.




NOTE:

1.

C. Calculation of ntpm/gram of soil

M soil wt (grams) per vial £ 0 =
1.48 + .04 grams
1.99 £ .04 grams
1.74 £ .035 grams
7.74 £ .06 grams

o= £(.03)2 + (.04)2 + (.035)2)% = .06

M sample ntpm t O
M sample weight * g (extraction eff.)

ntpm/gram £ 0 =

368 £ 22
=(T.7 = .06) (.49
368 £ .06

=(1.7 t .ob) (.49)

431 + 4(.05)% + (.04)2)%

= 431 ¢ .07

+

431 * 15 ntpm/gram.

Values in the "ntpm/gram" column in Appendices E-H must be
divided by .49. The values indicated do not reflect the

extraction efficiency for counting fluid.

19




CHAPTER I1I

RESULTS

Determining the Capability for Removal of Radioactivity from Soil

The results of this experiment are summarized in tabular and in
graphical form. The counting efficiency obtained by the addition of in-
creasing amounts of soil to the vials is tabulated in percent, counting
efficiency versus grams of soil added. The values gathered for the chemi-
cal luminescence and quenching properties of the strippers are expressed
as CPM above background. The extraction efficiencies are in percent and
are listed as mean extraction efficiencies. For this part of the thesis,
qualitative, not quantitative values are needed. For this reason, a
statistical analysis was not performed.

The suspension of soil in a scintillation vial containing 15 ml of
scintillation fluid and a known amount of activity reduces the counting
efficiency as the amount of soil added increases. The suspension of .1 zm
of soil decreased the H-3 and C-14 counting efficiency to 27 and 20%
respectively (ses Table 6, page 25). However, by centrifuging the samples
to pack the soil on the bottom of the vials, this loss in counting effi-
ciency can be reduced. Table 7, page 26, illustrates the changes in
counting efficiency for H~3 and C-14 as the amcunt of soil in the centri-
fuged vials is increased. The H-3 efficiency drops from 51% with no soil

added to 32% with 4.35 grams added. The C-14 efficiency ranged from 69%

20
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with no soil added to 347 with 5.09 grams added. This reduction in effi-
ciency is acceptable, especially when compared to the counting efficiency
loss incurred if soil is suspended in the scintillation fluid.

Various compounds (strippers) were used to extract radioactive
material from the soil samples. Prior to beginning the experimenﬁ to
determine which of the stripping agents had the best overall extraction
efficiency for the labeled compounds, their chemical and quenching proper-
ties were determined.

For cholesterol, the extraction efficiency of water, counting fluid,
EDTA, acid and protosol was 927%, 967, 88%, 73%, and 91% respectively. For
toluene the extraction efficiency of water, counting fluid, EDTA, protosol,
and acid was 88%, 87%, 867, 827, and 717 respectively. For amino acids,
water had an extraction efficiency of 147, EDTA 137%, counting fluid 11%,
acid 117, and protosol 9%. For glucose, the extraction efficiency of acid,
water, EDTA, counting fluid, and protosol was 32%, 31%Z, 24%, 4%Z, and 4%
respectively. For H-3 water, the extraction efficiency for counting fluid
was 367, and for water it was 387 (See Table 10 and Figure 7). Table 5,
page 22, summarizec the rauges of extraction efficiencies of the various
labeled compounds.

If the net sample CPM (LSF and Stripper) exceeded BKG (LSF)*+ 35,
the contribution from the stripper was considered significant. For the
five stripping agents uséd, none exceeded this value. It was concluded that
there was no significant contribution tov the count rate due to chemical
luminescence of the stripping agents.

A C-14 unquenched standard prepared from the same standard solution
as that used for determining the quenching effect of the five stripping

*LSF: liquid scintillation fluid
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agents exhibited a 727 counting efficiency. Tha efficiencies obtained
after adding three ml of the stripping solutions ranged from 64% to 69%.
This relates to a drop in counting efficiency of 9% to 4%. This informa-
tion is tabulated in Table 9, page 27. Depending on the overall extrac-

tion efficiencies obtained for the various strippers, the degree of

quenching may or may not be critical.

TABLE 5

RANGE OF EXTRACTION EFFICIENCIES

Labeled Compound Range of Extraction Eff. % Difference
(all strippers)

Cholesterol 96% to 73% ‘ 24

Toluene 88% to 71% 20
| A.A. Mixture 147 to 9% 31
Water 387% to 36% 4
Glucose : 32% to 4% 88

Determining Whether Radioactive Material is Leaching from the Radicactive
Waste Disposal Site

The results of this experiment are summarized in tabular and in
graphical form. Final values for the soil data are listed as CPM above
background #¢ and ntpm/gram *0. 1t is assumed that the counts obtained in
the.H-B and C-14 channels are from those respective isctopes and not other
natural sources of radioactivity.

Background Plot. The mean net H-3 CPM for samples taken in the background

plot is 2 £ .4 for samples taken at three feet, .7 £ .4 for samples taken
at six feet, and 4 % .4 for samples taken at nine feet. The mean net C-l4 CPM

-~

for three, six, and ninc feet iz 2 % .3, .3 * .3, aud .5 £ .3 respectively.
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The informaticn for the creek bottom 1s contained in Appendix H.

See Tables 11 - 12 and Figures 7 - 8,




TABLE 6

QUENCHING EFFECT OF SOIL SUSPENDED IN

A LIQUID SCINTILLATION FLUID

25

Sample # Isotope Soil Weight Counting Eff. (%)
(grams)
1 C-14 .2380 8
2 " .2129 9
3 " .1027 20
4 " .0429 48
5 " .0287 51
6 " .0076 66
7 " .0019 72
8 " 0.0000 73
9 H-3 . 3071 .5
10 " .2050 1
11 " .1110 2
12 " .0511 6
13 " .0233 14
14 " .0052 34
15 " .0038 36
16 " 0.0000 45
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TABLE 8

CHEMICAL LUMINESCENT PROPERTIES OF
THE STRIPPING SOLUTIONS

Solution Sample # CPM CPM-BKG
Water 1 32 0

2 34 +2
Acid 1 : 38 +6

2 41 v +9
EDTA 1 28 =4

2 36 +4
Protosol 1 35 +3

2 46 +14
BKG (no stripper added) 1 29 _

2 35 M (mean)=32 CPM

TABLE 9

QUENCHING PROPERTIES OF THE STRIPPING SOLUTIONS

Solution Sample # CPM CPM-BKG Eff. (%)
Water 1 42645 42610 67

2 42503 42468 66
Acid 1 40801 40766 64

2 42433 42398 66
EDTA 1 43707 43672 68

2 44454 44419 69
Protosol 1 44126 44091 69

2 43970 43935 69
BKG (no stripper added) 1 33

i~

37 M (mean) = 35 CPM
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TABLE 10
EXTRACTION EFFICIENCIES FOR THE STRIPPING AGENTS
Labeled Stripping Agents
Compounds ¢t C.F.! Prot.* ! H,0 EDTA | Acid
Amino acid | i
mixture 11 9 14 13 | 11
Cholesterol 96 91 92 88 | 73
!
Glucose 4 4 ! 29 | 32
Water 36 L 38 _— —
Toluene 87 82 § 87 86 71
*C.F. : Counting fluid
*Prot. : Protosol
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TABLE 11
H-3 MEAN CPM ABOVE BACAGROUND OF SOIL SAMPLES
Depth Background Burial Plot Lower Level Creek Bottom
3! 2 % 4 31 1 31 -.02 £ ,3(1)=*
6! bor Ly 111 £ 2 26 + 1 -1 % .3{2)%
9' (Btm) 4 t .4 195 + 2 25 % -.8 t .3(3)=*
Ao 3(W)x
.2t . 3(5)%
-.8 t .3(6)%
*Sampling positions
TABLE 12
H-3 MEAN ntpm/gram FOR SOIL SAMPLES
Depth Background Burial Plot Lower Level
3! ' 2 £ .6 64 £ 15 6 2
6' .7 .5 224.16 + 64.93 L3 + 14
9' S+ 1 415.01 £ 74.32 48 + 14
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CHAPTER IV
DISCUSSION

Project #1: Determining the Capability for Removal of Radioactivity
from Soil

The procedure develéped in project #1 for processing soil samples
provides a method for removing radiocactivity from soil. The stripping
agents used produced data that indicated various labeled compounds,
representative of the types buried at the disposal site, can be extracted.

The mean extraction efficiencies for the strippers ranged from
46-55 percent. If radioactive material is leaching.from the disposal site,
then from 46-55 percent of the leached activity could be removed. The
actual percent extraction efficiency depends on the stripper used.

The original intention was to use the stripping agent which had
the best cverall extraction efficiency for removing leached radioactivity
from soil. This was not followed for twc reasons: l)when three ml of
water or a water base compound such as EDTA or acid is added to 135 ml of
Pimulume-30, the scintillation fluid has a tendency to partially gel. When
this occurs, the soil particles suspend in the gel and cannot be centrifuged
down, thus increasing the amount of quenching produced by the soil. The
problem can be solved by heating the vials in warm water to dissolve the
gei, but this is a time-sonsuming process and often the fluid re-gels before
centrifuging is complete; 2)the mean extraction efficiencles for water,
EDTA, and C.F. are 55, 53, and 49 peccent. When the arcy in counting effi-
cienev zttributable te quenching of the stri;pers is congidered (5% for

4

(V3]
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Qafér; 3% for EDTA), the overall efficiency of the extraction procedure
(extraction and counting efficiency) for the three compounds becomes 50%
for water, 507 for EDTA, and 49% for C.F.

Based on the tendency of the séintillation fluid to gel when a
water/water base compound is used as a stripper and the fact that the
overall efficiencies for the three best strippers are so close, counting
fluid (C.F.) was chosen as the stripper of choice.

These extraction efficiencies, when extrapolated for the dispesal
site, did not take into consideration the many variables that might affe:zt
the leaching or binding of labeled material in soil (seasonal temperature
changes, long term exposure to radiation, ground water movement, etc.).
Because of the many variablas possibly affecting the movement or binding
of compounds to soil, it was assumed that if labeled compounds could be
extracted from scll in the laboratory from simulated leaching, then the
extraction procedure would work equally well for extracting activity from

soil samples taken at the disposal site.

Project #2: Determining Whether Radiocactive Material is Leaching froeo

the Radioactive Waste Disposal Site

If radioactive material ie leaching from the disposal site, one
would l)expect to see the burial plet and lower level plot CPM exceed the
background. plot CP& with increasing sampling depth and 2)expect the net
CPM and ntpm/gram to bte the lowest in the background plot, highest ia the

purial plot, and somewhere in the middle iz the lower level plot. Except

h

or the background plot at six feecr, herh ¢f these expectations were

0

crrect. There was a dxop in both the ret H#-3 CPM and the H-3 ntpn/3ram
batween the three foot ond six foot sampling depths in the background plot.
However, the values were so clcse together that the differences are not

iy different.

=3

statistica
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H-3 Samples. The net H-3 CPM at three feet for the background, burial,
and lower level plots was 2 t .4, 31 £ 1, and 3 % 1 respectively. At
six feet, the values were .4 % .4, 111 * 2, and 26 + 1. At nine feet they
were & * .4, 195 % 2, and 26 * 1.

The H~3 ntpm/gram followed the same pattern as the net CPM. The
informacion for the net CPM and the ntpm/gram is contained in Tables il ard
12, page 31.

Using the test criteria that data from the burial plot and lower

level plot exceeding "background plot data (BKG) + 29" constitutes leaching

| with a 99 percent confidence level, the following results were collected:

for the background plot at three, 8ix, and nine feer, the net H-3 CPM (BKG)
+ 30 is 3, 2, and 5; for all samples collected in the burial and lower level
plot at three, six, and nine feet (bottom), these values are exceeded; for
the burial plot, the values are 31, 111, and 195 net CPM and for the lower
level they are 3, 26, and 26 net CPM (see Table 13, page 37).

For the background plot at three, six, and nine feet, the H-3
ntpm/gram + 30 is 4, 2, and 9 respectively. For all samples collected in
the burial and lower level plots at three, six, and nine feet {bottom),

these vaiues are exceeded: for the burial plot, the values are 54, 224,

| and 415 ntpm/gram and for the lower level, they are 6, 48, and 48 ntpm/gran

(see Table 13, page 37).
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TABLE 13

SUMMARY OF STATISTICAL ANALYSIS

Position Net Counts/Minute ntpm/gram
BKG* + 30 B.P.* L.L.* BKG + 30 B.P. L.L.
3! 3 31 4 3 64 6
6' 2 111 26 2 224 48
9’ 5 195 26 9 415 48

*BKG: Background plot
E.P: Burial plot
L.L: Lower level plot
From the above information, it can be stated with greater than
99% confidence that H-3 radioactive material is leaching from the radio-

active waste disposal site.

C-14 Samples. From the data collected for analysis of C-14 labeled com-

pounds, 1t is not possible to say that these compounds are leaching. In
no case did the values calculated for C-14 net CPM exceed the values of
C-14 background plot data (BEG) + 30. 1In four of the eight calculated
values for net C-14 CPM, a negative value was obtained.

Because of the similarities betwzen cthe H-3 and C-14 labeled com-~
pounds buried at the disposal site, it is logical to assume the C-~14
labeled compounds are leaching similarly to the H-3 labeled compounds.
The lack of data for C-14 was anticipated since the amcunt of soil added
to each wial was less than that calculated for obtaining significant

counts from the soil.
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Since it has been determined that radiocactivity is leaching from
the disposal site, samples were taken in the creek bottom to determine
whether the activity is being carried in the stream. From Table 11, the
net CPM for the creek bottom ranged from ~1 to .4. These values do not
exceed the test criteria for éstablishing leaching and, in fact, are less
than the net background plot CPM. The absence of activity in the stream
can be explained by one of two theories: either the activity has been
diluted to the point where it is below the minimum detactable isvel for
the counter or the activity has not leached to the stream bed at thic time.
In either case, there does not appear to be any activity attributable to
the disposal site in the creek bottom.

In Table 14, the uCi/gram of soil for the various sampling depths
for the different plots has been calculated and summarized. This was
done so that a comparison can be made becween the levels of activity
leaching and the maximum permissible concentrations for uncontrolied arzas.

This comparison was between uCi/gram of soil and the uCi/ml for
water. Water concentration levels were used since thesre are no concen-
tration lavels for scil and the movement of the leached activity through
the seil is probably due to the moveuwant of ground water.

The maximum permissible coacentration for H-3 in water for uncon-

trolled areas is 3 x 107°

uCi/ml. In the burial plet, the uCi/gram at
three, six, and nine feet was 2.88 x 10~°, 1.0i8 x 10~*, and 1.88 x 10~
respectively. Irn the lower level piot at threz feat and bottom, the
uCi/gram was 2.65 x 107% and 2.15 x 1067°.

From the values abcve, it can he szen c¢chat tne concentraticn in

3031 (uli/gram) in the burial and lower level plots ranges fYrom 16 te 1132
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times less than the concentration levels allowed for water (uCi/ml).
The worst case situation would be the lezching of 1.88 x 1074 uci
per gram of soil into the ground water over a period of one yeaw. The
H-3 concentration (uCi/ml) at the nearest accessible point on the creek
then would be 8 x 1070 uCi/ml. This valqe is less than the MPC for
H-3 in water by a factor of 375, and is based on a drainage area 1400
feet by 1100 feet around the creek and disposal site and an annual rain-
fall of 34 inches. The calculated concentraﬁion (uCi/ml) one mile down-
stream from the disposal site is 1.7 x 10'6 uCi/ml or a factor of 1.7 x 103
less than the MPC for tritium in water. These calculations are based on
the assumption that the drainage area extends 700 feet on the side of the
Stream.
The Maximum Permissible Body Burden (MPBB) for d-3 1is 2 x 103 uCi,
Using the above maximum activity of 1.88 x 1074 uCi/gram of soil, one would
need to ingest 1 x 107 grams (23,000 pounds) of scil to reach the MPBB
for H-3.

From the above discussion and comparisons, it would be safe to
ssume that people living and working in the area will not be exposed to
radiation levels which are counsidered to be harmful and that the environ-

mental hazard due to leaching of the compounds wiil be minimal.

TABLE 14

uCi/gram of Soil

Depth Burial Plet » Lower Level Plot
3''  2.88 x 1073 2.65 x 10-6
6 1.01 x 1074 2,16 x 1075
9' (btm) 1.38 x 107% 2.16 % 107>

H-3 MPC for water: 23 x 10-3 uCi/mi




CHAPTER V
SUMMARY

A study was undertaken to verify the assumptions, made prior to
establishing the disposal site, that buried radioactive waste would

leach from the disposal site and that the disposal limits do not allow

the leached radiocactive material to exceed the MPC for uncontrolled areas.
Samples were taken from four sections around the disposal area (background,
burial, lower level, and creekbottom). At each sampling plot, soil samples
were taken at levels of 2 feet, 6 feet, and 9 feet wherever possible.
Counting was performed on a Searle Mark III liquid scintillation counter.
In Project #1, a method was developed for extracting leached radio-
active material from soil samples. Extraction efficiency for the'compounds,
representative of those buried at the disposal site, ranged from 467 to
55%. This project determined that from 467 to 55% of the leached activity
could be extracted if radicactivity were, in fact, leaching from thevsite.
Project #2 used the technique developed in the previous experiment
to analyze soil samples taken from the disposal site. The data collected
clearly indicate (99%Z ccnfidence) that the radioactive waste at the dis-

posal site is leaching. For samples collected in the burial and lower level

[plots, the activity per gram of soil ranged from 1.88 x 107% to 2.6 x 1676

uCi/gram. Data collected for samples taken in the creekbottom indicate
there is no radicactivity present which is attributable tc the disposal

site.
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The H-3 soil concentration (uCi/gram) was less than the maxi~
mum permissible concentration for H-3 in water by a factor of 16 tc 1000.
Assuming the worst possible situation, the projected H-3 water concen-
tration (uCi/ml) was from 375 to 1.7 x 103 times less than the maximum
permissible concentration for water. To further indicate the minimal
hazard associated witb the leached radioactivity material, it was cal~
culated that one would need to ingest 1 x 107 grams (23,000 pounds) of
soil in order to exceed the maximum permissible body burden for H-3.

The estimated C-~14 count rate associated with leaching of C-14
at the maximum permissible concentration is 890 counts per minute. By

comparing this value to the minimum detectable C-14 activity determined

in Appendix A, it can be seen that the counts per minute needed to indicate

the presence of C-14 at the MPC level is 30 times greater than the
minimum detectable level. Therefore, the lack of detectable C-14 counts
indicates that if C-14 is leaching, it is less than the MPC by a factor
of at least 30.

The results of this experiment indicate that the limits estab-
lished by the Kansas Department of Health and Environment for burial of
radicactive waste do not allow leaching to exééed the MPC values for
tritium and carbon in water. At this time.the amount of leakage does
not appear to constitute any significant hazard to persons working or

living near the disposal site, and it does not appear at present to pose

a hazard to the environment of the area.
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APPENDIX A

Calculation of Optimum Soil Weight Needed

for Significant Counts in Each Sample




II.

Preliminary Information

A. Disposal area: 220' x 200'

B. Depth radioactive waste is buried below surface:

€. Burial plot: 200' x 60'

D. H-~3 activity buried: 2.2 x 10% pci

E. C-14 activity buried: 3.0 x 10° pci

F. Estimated values:
1. H-3 counting efficiency for soil samples:
2. C-14 counting efficiency for soil samples:
3. Mean extraction efficiency: 33%
4, Percent of buried activity leaching: 5%
5. H-3 background CPM: 25
6. C-14 background CPM: 20.

G. Assumptions:

1. Distribution of leached activity:

2'

a. activity 1is uniformly distributed over disposal site

b. activity is uniformly distributed over burial plot

2. Detectable 1limit is BKG + 30

3. Average depth of soil below 2' in the disposal site: 2.5'

4. Average depth of soil below 2' in the burial plot: '

Calculations
A. Minimum detectable activities
1. H-3

a. BKG = 25 CPM 30 = 15 CPM

15 CPM
(.6)(.35)(2.2 x 10°ntpm/uci)

= 5.56 x 107> uCi




2, C<l4
a. BKG = 20 CPM 30 = 13.42
13.42 s
b. = 2.904 x 107°% uCi

(,6)(.33)(2.2 x 10°ntpm/uCi)
Mass of disposal site - burial plot

1. Disposal site

(200') (200') (2.5") (1.9 grams/cm?) -
3.53 x 10~ ft’/cm®

5.38 x 10° grams

2. Burial plot

(200')(60')(5') (1.9 grams/cm?)
3.53 x 10-%ft3/cm?®

= 3,228 x 10° zrams

Soil/vial needed toyproduce minimum detectable counts
1. H-3
a. Disposal site

5.56 x 107° uCi(M.D. activity)

< . = 2.72 grams
(2.2 x 10” pCi)(.05)/5.38 x 10" grams

b. Burial plot

5.56 x 10~% pci

= 1.63 grams
(2.2 x 10%)(.05)/(3.228 x 10° grams)

2. C~14
a. Disposal site

2.904 x 107° uCi

= 10.42 grams
(3.0 x 10° pCi)(.05)/5.38 x 10° grams
b. Burial plot
2.904 x 10~°% uci = 6.25 grams

(3.0 x 10°% pci)(.05)/3.228 x 10° grams




APPENDIX B

Activity Extraction Procedure




oy
.

10.

11.

12.

13.

14.

15.

Add approximately two grams of soil to each vial.

Pipette 100 lambda of the labeled compound into each vial.

Let the vial sit overnight.

Add two ml of the stripping agent to each vial.

Let the vial sit for one hour.

Add 15 ml of the liquid scintillation fluid.

Vortex sample several times over 15 - 20 minutes.

Let the vial sit overnight.

Vortex vial several times.

Spin the samples until soil forms a hard layer on bottom of the
vial and no soil particles are visible floating in the liquid.
Wipe the outside of vials clean with ethanol.

Count samples for four minutes.

Remove samples and add an internal standard of the same isotope
as the labeled compound.

Count the samples for one minute.

Determine the removal efficiency in the following manner:

a. Internal Standard Efficiency =

£CPM(sample + I.S.) - BKGY - £CPM(sample) - BKG>
ntpm (I.S.)

b. Removal Efficiency =

CPM(sample) - BKG
€1.S. eff. x Sample ntpmy




APPENDIX C

Sampling Area
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APPENDIX D

Soil Processing Procedure




10.

11.

12.

13.

14.

Grate the core sample over wire screen.

Measure approximately two grams of soil into preweighed scintilla-
tion vial.

Reweigh.the scintillation vial and determine exact weight of seil
added. ‘

Add 15 ml of Dimulume-30.

Vortex sample several times over 15 - 20 minutes.

Let the vials set overnight.

Vortex sample several times.

Spin samples in centrifuge until all soil is packed on the bottom.
Place sample in counter overnight to cool and dark adapt.

Count each sample for 100 minutes.

Add the H-3 internal standar&.

Count each sample for two minutes.

Add the C-14 internal standard.

Count the sample for two minutes.




APPENDIX E

Background Plot Data




BACKGROUND DATA

H-3 and C-14 ¥ CPM above Bkg t o

Positlion Sample # H-3 cts H-3 H H-3 M C-14 cts C-1h W C-14 N
and 100 min cpm Lt © cpm-bkg 100 min cpm t g cpm-bkg

Depth to to

1 -3 1 2080 19.66¢ 066 h.ott.071 1213 11.641.039 1.93¢.0h2
2 1877 1099
3 1943 1184

1 -6 | 1671 16.19¢. 054 .5ik7t. 060 9t} 9.421.031 -.227¢.035
2 1621 957
3 1566 959

i-8 1 2248 21.842.073 6.19%.077 1004 9.93£.033 .280.037
2 2103 987
3 2201 988

2 -3 1 1598 17.082, 057 1.4372.063 915 9.27+.031 -.377¢.0385
2 1763 910
3 1764 957

2-6 | 1676 16.88t.036 1.237¢.062 N 9.4ht.031 -.213%.035
2 1689 974
3 1700 886

2-9 ] 1782 15.63£.052 -.013t.058 881 8.79t.029 -.853t.033
2 1454 87s
3 1453 883

3~3 ! 1615 16. 13,054 .487t. 060 920 9.051,030 -.593+.034
2 1638 892
3 1586 905

3-6 } 1427 145.221, 047 -1.42%. 084 937 9.381.031 -.270t.035
2 1391 928
3 1448 949




BACKGROUND DATA
‘H-3 and C-14 H CPM above Bkg t o

Position  Sawple # H-3 cts H-3 H n-3 H c-1h cts C-14 W c-14
and 100 min cpm t @ cpm-bkg 100 min cpm t O cpm-bkg
Depth o to ‘t0

Background H-3 standard: 382251

Background C-14 standard: 64419




BACKGROUND DATA

H-3 and C-14 H CPM above Bkg t o

Positlon  Sampie # B-3 cts H-3 A H-3 R C-14 cts C-14 W C-1h N
and 100 min cpm t O cpin-bkg 100 min cpm t O cpm-bkg
Depth to t g
3-8 ) 2432 23.44£.078 7.79¢.082 1030 10.01%.033 .363%.037
2 2345 952
3 2254 1021
b -3 ] 145k 14.56¢.049 -1.83£.055 974 10.03£.033  .383.037
2 1423 1053
3 1493 983
h -8 ( 1730 18.191.061 2.54t.066 931 9.26+.031 -.387£.035
2 1853 962
3 1874 886
h-p | 2225 23.161.077 7.52¢.081 1068 10.741.036 1.087%£.039
2 2389 " 1088
3 2336 1065
5 -3 ] 1998 20.62¢.069 4.98+.074 863 8.77t.029 -.883t.033
2 2197 868
3 1992 899
5-6 1 1462 1h.83t.009 -.807%.055 872 8.97¢.030 -.680%.034
2 1466 912
3 1523 907
5-8 ) 1246 12.844.043 ~2.8£.050 937 9.34t .03} -.307£.035
2 1328 924
3 1279 942 -
Bkg ] 1640 15.64¢. 161 991
2 1584 1012
3 1654 1059
4 1502 967
5 1519 877
6 10187 884




BACKGROUND DATA

H-3 DPN/Gram %t ¢ “"H-3 |. S. added"
Posiel e —
o:nd on o Cts/2 min ?s;:::l: g {.5.CPH ¢t ¢ 1.S.EFf DPH t o Sample wt. M sample DPM/gram
Depth = +1.5.) to (sample) (grams) wt.{grms) t o
5 to
w
1 -3 1 6716 3269+23.34  3248+23.38 26.2%1.54 15.274.94 1.98%.040 2.07%.072 7.342.519
2 6h46 1.91+.038
3 6451 2.31.046
1 -6 I 6690 5301423.46  3284#23.50 26.5%1.56 2.066%.26 2.42+.048 2.181.075 .945%.123
2 65h2 1.91+.038
3 6576 2.20t.044
I -8 1 6342 3166122.97  3143t23.01 25.34).49 24 k241 .47 2.211.044 2.13%.073  11.46%.79%
2 6244 2.02¢.040
3 6410 2.17+.043
2 -3 1 6463 3265123.33  3247%23.37 26.211.54 5. 49+ 402 2.48£.050 2.25+.079 2.441.198
2 6629 2.1h%.043
3 6501 2.13:.043
2 -6 1 6616 3322+23.53  3304123.57 26.611.56 L.62¢.36 2.12¢.042 2.05%,071 2.25%.192
2 6730 1.92¢.038
3 6587 2.12t.042
2-8 1 6211 3014422 .41 2997123.45 24,247 .42 ~.0542.2409  2.19%.0h4 2.15+.075 ~.025%.112
2 5800 2.07¢.04)
3 6074 2.18%. 044
3-3 1 6382 3223423.18  3205%23.22 25.9%1.52 1.884:.113 2.04%. 041 1.87%.065 1.012.070
2 6292 1.83%.037
3 6661 1.74%.035
3-6 I 6658 3375%23.72  3358%23.76 27.1%1.59 ~5.241.366 2.25%. 045 2.211.076 -2.37+.185
2 6738 2.06+.04)
3 6855 2.31.046
3-8 1 6380 3207£23.12  3183%23.16 25.711.51 30.35¢1.81 2.20t.0h4 2.06+.071 14.73+1.02
2 6h47 2.01%,040 =
3 6u1h 1.96%.039 &




BACKGROUND DATA

H-3 DPM/Gram t ¢ "H-3 |.S. added"
k"
PO:,:;M" p Ces/2 min ngml: g 1.S.CPH t 0 1.5.EFF OPH t o Sample wt. M sample OPM/gram
Depth a +1.5.) to (sample) (grams) wt.{grms) t g
h -3 1 6476 3290£23.41  3275%23.45 26.4%).55 ~6.93%.46 1.71£.034 2.03t.07} -3.414.256
2 6631 2.231.045
3 6630 2.14+.043
4 -6 1 6515 3232£23.21  3213%23.25 25.9%1.52 9.80+.629 2.24t 045 2.161.075 4,54t 33]
2 6382 2.33%.047
3 649k 1.91+.038
4 -8 1 Ghs8 3151£22.92  3227422.96 25.2+1.48 29.82+1.78 2.15%.043 2.142,074 .832¢.057
2 6267 2.i8¢.044
3 6182 2.10%.042
5 -3 1 6213 3108+22.76  3086122.80 24.9¢1.46 20.00841.21  2.31%.046 2.11%.073 .573%.040
2 6051 1.81£.036
3 6385 ' 2.20t.044
s -6 1 6061 2939$22.13  2923122.17 23.61).39 -3.42¢ .31 1.712.034 1.95t.068 -1.75%.170
2 5835 2.08:.042
3 5735 2.07+.04)
5 -8B 1 6419 3085422.67  3071222.71 24 821,46 -11.31%£.696 2.12¢. 042 2.371.083 .294t.208
2 6006 2.97%£.039
3 6083 2.03%.041
Bkg 1 36 16.67+1.39
2 39
3 k1
h 43
5 28
6 2)

9-d




C-14 DPM/Gram t o

BACKGROUND DATA

"C-14 1.S. added"

Position T: Cts/2 min N CPH £ o 1.5.CPH t o 1.5.EFf OPH % ¢ Sample wt. M sample DPM/gram

and hd {sample t 0o ( le) ( ) ( ) ta

Depth a + I.S.) sampie grams wt. grms
5 to

wn

1 -3 1 11643 5850431.22 §837.63%31.2h 58.4+3.42 3.409%.212 1.98¢.040 2.07%.072 1.647¢.117
2 11809 1.91+.038
3 11645 2.311.0h46

1 -6 1 11919 5978431.56 5967+31.58 59.7+3.49 -.380¢.063 2.42¢. 048 2.10£.075 -.174£.029
2 11878 1.911.038
3 12070 2.20%.044

1 -8 Vo794 5915¢31.39  5905+31.41 .59113.46 ~-.6381.042 2.212.044 2.13t.073 ~.300%.044
2 K762 2.02¢.040
3 11933 2.17+.043

2-3 1 12202 60951t31.87 6085431.89 60.8£3.56 -.350¢.038 2.48+.050 2.25%.079 -.156+.018
2 12228 2. 141,043
3 12139 2.13t.043

2 -6 1 12300 6188£32.12  6179132.14 61.813.62 -1.30t.241 2.12¢.042 2.05+.071! -.673t.121
2 12328 1.92£.038
3 12510 2.124.042

2 -8B 1 11976 £§961131.52  5952%31.54 59.5¢3.48 =1.433£.100 2.19t.04k 2.15%.075 -.6671.052
2 11924 2.07+.041
3 11867 2.18+.044

3-3 1 12247 6036131.71  6026431.73 60.3%3.53 -.984t.08) 2.0ht. 0k} 1.871.065 -.526+.047
2 12045 1.83%.037
3 11921 1.742.035

3-6 1 12161 6022$31.67  6012£31.70 60.1£3.52 -, 4491 064 2.25%.045 2.271;076 ~-.203%.030
2 11813 2.06¢t.04}
3 12158 2.31%.046

3-8 1 11566 $930%31.44  5919£31.44 59.213.47 .6132.073 2.20%.044 2.06%.071 .298+.036
2 11978 2.01¢.040
3 12034 1.96£.039




BACKGROUND DATA
c-14 DPM/Gram t ¢ “c-14 1.5, added*

Positlion

Cts/2 min M CPH t ¢

* —
and ¢ (sample 1.S.CPH t o t.S.EFF DPH t o Sample wt, M sample  DPM/gram
Depth & +1.5.) ta (sample) (grams) wt.{grms) t o
% e e + o
- 174}
4 - 3 1 11583 6007t31.64 5996131.66 60.0%3.51 .630¢.072 1.712.034 2.03%.07) .315¢.037
2 12072 2.23%.045
3 12386 2.14t. 043
4 -6 1 12301 6036131.72  602613).74 60.313.53 -.642¢.049 2.2ht 045 2.16£.075 -.297%.034
2 h9ko 2.33t.047
3 11973 1.91%.038
h-8 I 12063 §921+31.41  5910£31.43 59.0%3.45 1.84%,126 2.15t.043 2.141.074 .859+,066
2 11963 2.18x.044
3 1sol » 2.10£.042
5-3 1 11508 5852431.23  S843131.23 58.413 4} -1.51%.105 2.31¢.046 2.111,073 -.716%.056
2 11936 1.81%.036
3 11669 2.20t.044
5§-6 1 11808 5552130.42  5543130.44 55 413,24 -1.23£.095 1.714£.034 1.95%.068 -.629t.053
2 1354 ' 2.081.042
3 10i5! 2.07%.04)
5-8 111885 6063131.79  605h131.81) 60.5%3.54 -.5071.063 2.12¢.042 2.37%.083 -.2141.028
2 12476 2.97+.039 ’
3 12019 2.032.041
Bkg 21
2 18
3 19
4 21




E-9
BACKGROUND DATA
DEPENDENCE OF CPM ABOVE BACKGROUND ON SAMPLING POSITION AND DEPTH
Position H=-3 CPM above C-14 CPM above H=3 M CPM C-14 M CPM
and Bkg t ¢ Bkg £ g above Bkg above Bkg
Depth 0 0
1 -3 L,01t. 174 1.99£.133 1.706£.293
2 -3 .44t 171 -.377¢.131 1.817+.387
3-3 487,170 .593+,131
-3 -1.83%£.175 .383+£.13)
5-3 4.98%.175 -.883x.130
} -6 .547¢.170 -.227%.131 -.270%.292
2 -6 1.237+.170 L2132.131 L742%.276
3 -6 -1.42+.168 -.270%,131
4 -6 2.542,172 -.387%.131
5-6 -.807t.160 ~.68 £.130
1 -8 6.19%.177 .280%. 131 L 452+.283
2-8 -.0132.167 .853+.130 3.7252.389
3-8 7.79%.179 _ .363%.131
4 -8 7.52£.178 1.087¢.132
§-8 -2.8 £.167 -.307%,131




E-10
BACKGROUND DATA
DEPENDENCE OF DPM/GRAM ON POSITION AND DEPTH
Position oPM Position bPM Position DPM
and gram - and gram and gram t 3
Depth : Depth ‘ Depth
] M
1 -3 1.342.519 % i -6 .945%. 123 :! 1 -8 11,465,794
2 -3 2442198 ) 2 -6 2.25%.192 2.8 - .025¢.112
3 -3 1.01£.070 i% 3-6 ~2.37%.185 3-8 14.72+1.02
4 -3 ’-3.u|:.256 g? L-6 h.shz.331 . h-3B .832¢£.057
5-3 .573%. 040 ii 5-6 -1.75£.170 | 5 -8 . 294+, 208




APPENDIX F

Burial Plot Data




BURIAL PLOT DATA
H-3 and C-th H CPM above Dkg. t o
| ’ Position Sample # H-3 cts H-3 ﬁ__—m u-3 ﬁ;"—_ C-1h cts c-1h M c-14 A
and 100 min cpn t g cpm-bkg 100 min cpin t O cpm-bkg
Depth t g to
1 -3 ! 8250 106.61£.60 91.841.62 1135 P1.h2¢.20  .22¢.24
2 7653 1048
3 16079 12h3
1 -6 1 13498 140.47¢.68 125.90£.70 1003 9.82+.18 -1.38¢.23
2 14522 927
3 14122 1016 ,
1 -8 1 11660 126.661.65 111.89+.67 1272 12.27¢.20  1.07%.14
2 13289 1167
3 13048 12
2 -3 1 Lhio h3,90+.38 29.13%.4} 985 10.342.19  -.86%.24
2 3947 1057
3 h812 1061}
2+-6 1 37790 393.16%1.31 378.2321.32 1154 11.57¢.20 .37%.2h
39938 1129
3 h0220 1188
2-7 1 36103 369.26%1.11 354,491,372 1500 1h.67¢.22  3.47¢.26
2 38333 1435
3 36342 1h65
3-3 1 217 22.66+.27  7.89+.31 1139 10.96:.19 -.2ht.24
2 229h 1029
3 2287 1122
3-6 1 9180 88.33+.54 73.56t.56 101h 1017218 -1.03£.23
2 8801 1021
) 8517 1017




Posltion Sample #  H-3 cts n-3 K H-3 W C-1h cts c-1h N c-1b A
and 100 min cpm t O cpm-bkg 100 min cpm £ @ cpm-bkg
Depth g t o
h -3 1 H169 H0.23%,37  25.h6:.H0 923 9.43+,18 -1.77¢.23
2 3990 . 953
3 3909 952
h -6 1 6134 69.71+.48 s5h.9ht 51 1283 12.93+.20 1.73+.25
2 6896 1309 :
3 7883 1286 .
-8 ) 9911 100.21+.58 B5.44+.60 1057 10.71£.19 -.h9t 24
2 10049 1102
3 10103 1059
5-3 | 553h 565.27¢.43 37.50¢.h6 1050 10.79¢.19  -.h1t.2h
2 5720 1099
3 5326 1082
5-7 1 20852 200.47+.82 185.70t.84 1203 11.544.20  .342.2)
2 20671 : 1098
3 18618 1162
6 -3 1 24ho 25.16¢.29  10.38%.33 1035 10.432.19 -.77¢.24
2 2531 1008
3 2573 1086
6 -7 } 5478 58.36+.44  43.59t.47 1035 10.12£.18 -1.08:.23
2 6137 979
3 5693 1022
7-3 ] ks 33.91+¢.34  19,14%.38 1145 11.232.19  .03%.24
2 3417 1131
3 3341 1093
7 -6 | 5928 57.89%. 44 W3 12t K7 1962 10.12¢.18 -1.08%,23
2 5969 1022
3 s471 1053
7-9 | 7139 68.62+.48 53.85t.51 1072 10.77¢.19  -.432.24
2 7318 1085
3 6130 107h




Position Sample f#

H-3 cts H-3 W -3 H C-1h cts c-14 N C-14 H
and 100 min com t g cpm-bkg 100 min cpm t o cpm-bkg
Depth t o tag
8 -3 1 5144 49.31¢.41 34, 54t 44  105] 10.53t.19  -.67¢.24
2 5567 1005
3 4083 1102
8-6 ] 13124 123.35:.64 108.58:.66 909 9.17¢.17  -2.03%.22
2 12153 996
3 11727 846 .
8 -8 1 47953 385.21£1.13 370.44t1.34 1423 16.58%.24  5.381.28
2 39747 1927
3 27864 1623
9-3 ! 3883 36.72¢.35 21.95¢.38 1005 9.920.18 ~1.284.23
2 3389 977
3 3746 995
9-6 ] 5105 47.51¢.40  32.64%.43 1114 11.29£.19  .09t.24
‘2 W497 1139
3 4621 1135
10 - 3 i 4223 38.83£.36 24.06%.39 1049 10.44¢.19  ~.76%.2h
2 3744 983
3 3582 110}
10 - 6 i 7423 79.16£.51  64.39£.53 1002 10.04%.18  -1.16¢.23
2 8792 954 :
3 7533 1057
Bkg | 1407 1h.77£.16 1128 11,208, 14
: 2 1535 1108
3 1499 1105
4 1487 1109
5 1462 1176
6 1h70 1092
Pack. H-3 Std: 376052 cpm

Pack. C-1h4 Std: 62337 cpm




BURIAL PLOT DATA

H-3 DPM/Gram t o ~"H-3 1. S. added"
Posltion ™  (Cts/2 min HCPH t ¢ 1.S.CPH t o I.S.Eff DPH t o Sample wt. M sample DPM/gram
and ,2 (sample ta {sample) (grams) wt. (grms) to
Depth € +1.5.) to
a
1 630 3201423.09 3094.57123.12  25.0% 368121.78 1.4840.30 1.7ht.061 211. 49114, 55
2 6373 1.47 1.99+. 040
3 6534 1.74¢.035
1 6234 3130%22.84  2989.34122.88 24.1% 522430.89 2.39:.048 2.55:.088 204.71t14.02
2 6391 1.42 2.69%.054
3 6156 2.56%.051
I 3778 1892417.76  1765.36417.8)  14.2¢ 7861h6.73 2.52£.050 2.85t.099 275.79£18.99
2 3857 .84 2.99¢.060
3 3718 3.054%.06%
1 6068 3096122.72  3052.61%22.75 24.6% 11847.15  2.58:.052 2.35%.082 50.21%3. 51
2 6300 ' 1.45 2.03+.04)
3 621) 2.hht 0l
I 6836 3409£23.84  3016£23.87 2h. 31 1554£91.58 1.96%.039  2.04t.071  761.76252. 14
2 6810 1.43 1.97t.039
3 6808 2.182. 044
1 bh80 2169419.01 1800119, 08 1h.5¢ 2h382104.80 2.35+.047 2.39+.083 1020, 08t70.182
2 4478 .86 2.29%.046
3 bosé 2.52£.050
1 6500 3227423.2 3205+23.23 25.8£1.52  30.52$2.16 2.24:.045 2.32%.08} 13.16%1.037
2 6367 - 1.52 2.52%,050
3 6500 . 2.20%. 044
LI 3 13 3085£22.68 2997:22.71 24 .2+ 304417.99 1.76+.035 1.80+.062 168.89%11.59
2 6059 1.h2 1.842 037
3 6299 1.81%.036
I 6292 3180423.02  3140%23.05 zs.jtl.hg 100£6.10  1.932.039  1.99¢.069 50.2543.53
2 ey §.hg 1.99t.040

3 6378 2.06%.0hy




Posltion Cts/2 min M CPH t o 1.S.CPM t © I.S.Eff DPM % Sample wt. M sample DPM/gram

SN

and 2

Depth 2 (S?T‘;!; + t 4 Gample) grams) - wt. (grms) to
Ll
vy

h -6 I 5953 2985£22.30  2915422.33 23.5¢ 234413.91 1.38£.028 1.47+.051  159.18410.96
2 5919 1.35 1.50£.030
3 6038 1.53%.031)
h -8 1 5842 285ht21.81  275ht21.85 22.2% 385$22.88 2.21:.00h  2.30+.080 167.39%t11.12
2 5 1.3 2.27+.0b5 .
3 5516 2.411. 048
5-3 1 6081 3058122.57  3005422.60 24,22 15589.29  1.95%4.039 1.941.067  79.90%5.53
6129 - 1.42 2.07+.0h}
© 3 6136 1.80t.036
5-17 1 6483 3247423.27  30h7+23.31 24 6% 756t4h .69 2.37:.0h7 2.49:+.086 303.61%20.82
2 6537 1.45 2.641.053
3 6467 2.47¢.049
6 -3 1 6367 3124422.82  3099422.86 25.0¢ h1.5322.78 1.4544.029 1.48+.051 28.06%2.1
2 6197 . 1.47 1.58+,032
3 6183 : 1.41¢.028
6 -7 P 6249 309612271} 3037422.7h 24.5¢ 178+10.64 2.13+.043 2.312.050 77.0615.33
2 6179 1.4t 2.42%.048
3 6151 2.39t.048
7-3 ) 6255 3189+23.05  3154£23.08 25.53 7544 .64 2.09%.042 2.072.072 36.23%2.57
2 634 1.49 2.01¢.040
3 6538 2.12+.042
7-6 I 6015 296h%22.23  2906£22.26 23. 4t 18h£11.04 1.74%.035 2.20%£.077 83.6h15.81
2 5885 1.38 2.42+. 048
3 5885 2.45%.049




Position Cts/2min HCPMtg |I.SCPM t g 1.S.Eff DPM ¢ Sample wt. M sample  DPM/gram

£
and v (sampt
- ample , tg {sample) (grams) . t
Depth g +1.5.) ’ ’ me-torms °
@
wy

7-9 1 3718 1785¢17.25 1717+¢17.29 13.8¢ 389+23.h1 2.51+.050 2.532.088 153.75@10.68
2 349 .82 2.60%.052
3 3548 2.48+.090
8 -3 1 6193 3088122.69  3039+22.72 24.5¢ 14148.48 2.54+, 051 2.05:.072 68.78th.79
2 5908 t.44 ) 1.70%.034 R
3 6h32 1.92+.038
8 -6 1 4866 27h1421.38  2618+21.42 21.1¢ 514+30.37 1.20£.024 1.61%.057 319.25%21.98
2 6094 1.2 2.012.040
3 Sh9y . 1.622.032
8 -8 1 8700 h214£26.5h  38.29:26.59 30.9¢ 122470.39 2.09%+.042 2.62%.092 458.02%31.29
2 8425 1.81 2.85¢.057
3 8163 ‘ 2.924.058
9 -3 1 593 29884+22.32  2951422.35 23.8¢ 921564 2.60%£.052 2.00¢.071 h6+3.26
2 6114 . 1.40 1.89+.038
3 5883 1.51£.030
9 -6 1 6057 3110422.77 3062%22.80 24.7¢ 13247.9%  1.96+.039 2.12%.07h  62.26¢h.33
2 6362 1.45 2.33+.047
3 624 2.08%.042
10 -3 1 6355 3087£32.69  304832.71 24.6¢ 9846.03 2.07%+.041 1.92¢.067 51.0423.61
2 6190 1.h6 1.96%.039
3 5981 1.7h%.035
10 - 6 1 64N 3209£23.13  3130123.16 25.2% 255¢15.12 2.61+.052 2.52+.087 101.1916.95
2 6307 1.48 2.50¢.030
3 6538 2.46%. 009




Po:’l"tjlon ’: Cts/2 min F(CPH 't (] I.S.CPM £t ¢ I.Si.Eff ’ DPM ¢t Sample wt. M sample DPM/grams
- sample
Depth g + ,'f“;,) o (sample) {arams) wt_{grms) to
a3
BKG 1 32 14,921 .1
2 32
3 .26
4 22
5 he ,
6 21

H-3 Pack Std 378095 CPM




BURIAL PLOT DATA

C-14 DPM = ¢ “C-14 1.5, added"
Position ™ (Crs/2min MCPH : g 1.5.CPM ¢t @ I.S.EFf DPM L&
and 2 { sample)
Depth e (sample g
m +1.8.)
oy
1 -3 1 9294 4753£28.15  4741£28.19 47.422,83 1 .46%.50
2 9738
3 9490
I -6 1 9520 4760428.16  4749+28.20 47.542.84
2 9545
3 9500
1 -8 1 8030 3935£25.61  3921%28.65 39.2$2.35  2.73%.39
2 7831
3
2 -3 1 9320 L747£28.13  4734228.17 47.3422.83 0 - 0
2 9677
3 9465
2 -6 1 9256 4669£27.9 4656£27.94 46.6£2.79  .795%.52
2 9524 .
3 9235
2 -7 1 8086 3857425.36  3841%25.40 38.41%£2.30 9.03:.87
2 7860
3 7199
3-3 1 9815 4910£28.61  4897128.65 48.9722.87 9 - 0
2 9821
3 9825
3-6 1 9706 4884228.53  4871%28.57 48.8:2.86 0 - ¢
2 10225
3 9375
-3 1 1ol1o 4935£28.68  4922%28.72 49.22:2.88 0 - 0
2 9699
3 9801
k-6 1 9635 4731:28.08 4716%28.12 47.22.76 3.67
2 9265
3 9486
4 -8 ] 9614 4839228.40  4826128.44 48.26+2.83
2 10222
3 9200
5 -3 1 9194 4722£28.05  4709:28.09 h7.122.76
2 9608
3 9532




F-10

Position
and
Depth

Sample /

Cts/2 min

M CPH ¢

(sample

[+

+ 1.5.)

1.5.CPH 2 ¢©

S.Eff DPM 2§
+ 0 ( sample)

o -3

W N~ W R - W N — W N WA — WA - W N — WA — wW N — WA -

W RN -

9730
9756
9612

9478
Skl
9127

9945
9277
9598

9203
9213
9544

9155
9353
9094

6624
7508
7591

9218
9411
9i99

8276
8682
8030

9651
8939
9480

9565
9487
8566

9324
9740
9583

9245
9077
9435

4769+28.

L674227.

4803£20.

466027,

. 4600£27.

3620£24.

46382£27.

Li6L26.

4678+27.

h603£27.

4774128,

4626227,

19

29

86

69

56

35

32

70

3

76

4756428,
4662127
4790128.
Leh7x27.
4587+27.
3608424,
4625¢£27.
4152126.
4660127,
4590227.
4761128.

L661£27.

23

94

33

90

73

60

84

39

96

74

25

80

47

.6£2.79  .715

4.62£2.73

k7.

he.

36.

46.

n

ke.
45,
47.

hé.

942.81

8+£2.72 . 065

.9%3.69

122.12

.6222.43

6t2.73 11.54

9£2.69

62.79  .189

1£2.70




F-11

Position = Cts/2min MCPH 2O 1.5.CPH £ @ 1.S.EFf DPH ¢ &
and - (sample to {sample )
Depth % +1.5.)
w
10 - & 1 9606 4855£28.45  L4842+28.49 48.42+2.84
2 9795
3 9732
BKG 122 12. 671 .45
2 25
3 29




BURIAL PLOT DATA
DEPENDENCE OF CPM ABOVE BACKGROUND ON SAMPLING POSITION AND DEPTH.

F-12

Pesition H=3 CPM above ¢-14 CPH above H=3 M CPM above C-14 M CPM abolve
and BKG * ¢ © BKG g BKG £ o BKG £ ¢
Depth .

1 -3 91.84x.62 0.222.24

2-~-3 29.132.91 -0.86%.24 31.29%1.33

3-3 7.89%.31 -0.242.24

4 -3 25.46%. 40 -1.77+.23

5-3 37.50%.46 -0.418.24

6 -3 10.38%.33 -0.77%.24

7-3 19. 142,38 0.03%.24

8 -3 35.54¢ 44 -0.67+.24

9-3 21.95+£.38 ~1.28%.23

10--3 24.06%.39 -0.76%.24

1-6 125.70%.70 -1.38%.23

2-6 378.23#1.22 0.37+.24

3-6 73.56%.56 -1.03:£.23 111.06£2.14

b -6 54.94%. 51 1.73¢.25

5 -7 185.70+.84 0.34%.24

6 ~7 43.59%. 47 -1.08%.23

7-6 43.122.47 -1.082.23

8 -6 108.58+£.66 -2.03£.22

9 -6 32.64L%.43 0.09%.24

10~ 6. 64.39+.53 ~1.16%.23

1 -8 111.89¢.67 1.07+.14

2-7 354.4947.12 3.47%.26 195.22#1.4¢C

L -8 85. 44z, 60 -0.49+¢.24

7-9 53.85%.51 -0.43%.24

8 -8 370. 441,14 5.38+.28




BURIAL PLOT DATA

DEPENDENCE OF DPM/GRAM ON POSITION AND DEPTH

F-13

Position

DPM

l

Position

DPM

'

Position

DPM

and gram * ! and gram to i. and gram to
Depth f Depth 3 Depth
1 -3 211.49£11.45 ; 1 -6 204.71114.02 é 1-8 275.7918.99
2-3 50.21% 3.51 § 2-6 761.76252. 14 § 2-7 1020.08470.132
-3 13.1611.037 g 306 168.8911.59 f b -8 167.39¢11.12
b-3 50.35¢3.53 -6 159.18410.96 |1 7 -9 153.75£10.68
5-3 79.9045. 53 5 -7 303.61220.82 (| 8 -8 458.01£31.29
6 -3 28.0622.11 6 -7 77.06@5.33 i N 415,01
7-3 36.23£2.57 i 7-6 83.6425.81 :
-3 68.784.79 8-6 319.25¢21.98 |
9-3 546.00%3.26 9-6 62.26%4.33 él
10- 3 51.0423.61 10 -6 101.19£6.95 |
N | M © 224.16 |

63.51 |




APPENDIX G

Lower Level Plet Data




LOWER LEVEL PLOT DATA
H-3 and C-14 M CPM ABOVE BKG t ¢

Position Sample # H-3 cts H-3 H H-3 M C-14 cts C-14 H c-14 M
and 100 min CPM t © CPM-BKG 100 min CPM %t o CPM-BKG
Depth to - to
1 -3 i 1668 16.181.23 1.61+.28 1152 V1. 442,20 b, 24
2 1576 179
3 1609 1101
1 -6 1 6367 57.70%. 4k 43,132 47 1107 11.28¢. 19 -.02%.24
2 5573 1133
3 5369 1143
2-3 1 1342 14.05¢.22 -.52 1065 10.821.19 -.48%. 24
2 1424 1059
3 1450 1123
2-6 I 7522 77.15%.51 62.58+.53 1163 11.542.20 24t .24
2 7492 1n21
3 8130 A nn
3-3 ) 1928 20.01.26 5.441 3} 1093 11.03¢.19 -.271.24
2 1942 117
3 2134 1100
3-6 | 6636 66.23%.47 51.661.50 1145 11.66%.20 .36%.24
2 6634 1180
3 6599 n72
4 -3 i 2088 21.27%.27 6.70¢.31 1135 11.37¢.19 .07%.24
2 2169 1ih9
3 2124 1127
4 - 6 1 hous 38.79+.36 2h.22¢.39 1317 13.567¢.21 2.27+.25
2 3800 1h16
3 3792 1337




LOWER LEVEL PLOT DATA
H-3 and C-14 M CPM4 ABOVE BKG t o

Position  Sample # H-3 cts H-3 W H-3 M C-1h cts c-14 M C~-14 W
and 100 min CPH t o CPM-BKG 100 min CPM % ¢ CPM-BKG
Depth : L t g

5-3 i 1790 18.44¢.25 3.87%.30 1252 12.00¢.20 L7124
2 1870 1193
3 1873 1154

5-6 ) 6251 58.57+ .44 44 .002.47 1335 11.62%.20 .32¢.24
2 sh57 _ 1074 ‘
3 5863 1095

6 -3 1 1642 15.98¢.23 1.11£.28 1096 11.32¢.19 L0224
2 1538 1208
3 1613 1093

€ -6 | 1759 18.78+.25 h.21%.30 1119 11.22¢.19 -.08%.24
2 1960 . 1119
3 1915 1127

7-3 } 1455 ' 15.09%.22 .52%.27 1177 11.07¢.19 -.23%.24
2 1562 1001
3 1509 1142

7-6 ) 1567 15.554,23 .98¢.28 1102 11.074.19 -.25%.24
2 1583 1133
3 1515 1087

8- 13 | 1932 17.931.24 3.361.29' 1079 11.34¢.19 .0hx, 24
2 1731 1128
3 1716 1196

8 -6 1 2450 23.85+¢.28 9.28+.28 147 11.80£.20 .50+.24
2 2305 1207
3 2400 1187

9 -3 1 2488 25.97+.29 11.40¢.33 1335 11.68t.20 .38+.24
2 2620 1074
3 2684 1095




LOWER LEVEL PLOT DATA

H-3 and C-1k H CPM ABOVE BKG % ¢

Position  Sample f H-3 cts H-3 K H-3 M C-1h cts c-14 M C-14 N
and 100 min CPM % o CPM-BKG 100 min CPM t g CPM-BKG
Depth tqg tq
9-6 1 1694 16.50t.23 1.93+.28 1072 10.63%.19 -.67¢.24
2 1674 1ohl
3 1584 1077
1o - 3 1 1243 13.21¢.21 -1.36 905 10.09£.18 -1.21%.23
2 1309 1065
3 1410 1058
10 - 6 1 3766 35.00¢t. 34 20.43%.38 1091 11.47¢.20 L7224
2 3629 1189
3 310k 1160
BKG 1 152k 14.57£.16 1093 11.30%.14
.2 1488 . 1125
3 1414 1138
4 1492 177
5 1409 1096
6 Vhsé 1152




LOWER LEVEL PLOT DATA

H-3 DPM/Gram % "H-3 |. S. added"

£y —— . ——

Posi tion K] Cts/2 min M CPH £ 1.S.CPH &t ¢ “1.S. Eff DPM % o Sample wt. M sample DPM/gram

and 2 (sample t g (sample) (grams) wt. (grms) tg

Depth 5 + 1.5.) t g

1 -3 1. 6569 3338+23.59 3316423.66 26.7¢1.57  6.02#).11 2.30+.046 2.1 £.073 2.87%£.539
2 6796 1.88%.038
3 6664 2.114.042

1 - 6 1 6227 3229423.20 3166423.28 25.5¢1.50 168.91110.10 2.68t.054 2.26+.079 7h.7425.18
3 6542 2.154.043
3 6607 1.94¢.039

2-3 1 6524 3223423.18 3203423.25 25.811.52 2.25+.045 2.07t.072
2 6190 2.11£.042
3 1.84¢.037

2 -6 1 6276 3184423, 04 3102423, 12 25.041.47 250.18+14.86 2.21£.044 2.21%.077 113.2047.76
2 6370 2.00%.040
3 6459 2.43¢.049

3-3 | 6358 3222123.18 3196123.25 25.841.52  21.10%1.73 2.18t.044 2.07+.072 10.19%.908
2 6491 1.931.039
3 6478 2.11t.042

3-6 1 6210 3120422.80 3048422.88 24.62).45 210%12.55 2.11¢.042  2.07¢.072 101.51%7.106
2 6296 2.00t.040
3 6215 2.09%.042

y -3 | 6761  3311123.49 3284423.56 26.5¢1.56 25.29¢1.89 2.64%.053 2.79+.097 9.06t.747
2 6597 3.00t.060
3 6513 2.74¢.055

h - 6 | 6563 3359423.73 3315£23.80 26.7%¢1.57 90.5915.52 2.89%+.058 2.711.094  33.43:2.34
2 6792 2.59.052
3 6802 2.66%.053

5 -3 1 6661 3236%23.40 3262423 .47 26.3t1.54  14.712).43 1 .45:.029 1.671.058 8.811£.909
2 6506 1.73%.035 .
3 6553 1.84%.037




LOWER LEVEL PLOT DATA

‘H-3 DPM/Gram % : “"H-3 . §. added"
Position 15 Cts/2 min M CPM % 4 1.S.CPM £ ¢ 1.S. Eff DPM 2 g Sample wt. M sample DPM/gqram
and a {sample t g (sample) (grams) wt. {grms) tg
Depth - + 1.5.) *r g
5-6 ! 6371 3100¢22.73  3036122.81 24,51 45 179.67£10.81 2.19+.044 2.15¢.07%  B3.5815.79
2 6167 2.081.042
3 6066 2.17¢.043
6-3 i 6774 3350£23.63  3328:23.70  26.811.57 5.25%1.09 2.42¢.048 2.01£.070  2.61%.549
2 6738 1.66%.033
3 6591 1.95%.039
6 -6 ] 5996 303112248 3007422.55 24,341.43 17.36%1.60 1.68+.034 1.76%.06) 9.86t.971
6158 1.66%,033
6035 1.941.039
7-3 ] 6429 3201%23.0!0 3180423.17 25.7£1.5) 2.0311.06 2.18+.044 2.h49t.087 .82¢.429
) 6120 2.95£.059
3 6657 . 2.35%.047
7-6 | 6462 327923.78  325B223.45  26.3%1.54 3.73t1.09 2.08£.042 1.95:.068  1.91%.562
2 6710 1.83£.037
3 6504 1.93¢.039
8-13 1 7043 3385£23.79  3372423.86  27.2t1.6 12.36¢1.29 2.49%.050 2.22£.077  5.57%.613
2 6631 2.05%.0h1
3 6698 2.13%.043
8-6 ! 6691 3281223.39  3252423.46  26.2¢1.5h  35.38%2.4) 1.99:.040 2.02:.070 17.51%1.33
2 6448 1.97+.039
3 6551 2.10t.042
9-3 ! 6649 3283£23.39 3252423.46 26.211.54 §3.4742.85 2.07+.041 2,37:.083 18.34%1.36
2 6478 2.50t.050
3 6574 2.554.05)
9 -6 | 6514 3277+23.37 3255423 .44 26.3%1.54% 7.35%)1.15 1.70£.034 1,58+.055 4.65+.745
2 6590 1.73t.035

3 6561 1.30¢.026




LOWER LEVEL PLOT DATA

H-3 DPM/Gram * "H-3 |. §. added"
Position 3§ Cts/2 min M CPM ¢ 4 1.5.CPM % ¢ 1.S. EFf OPM % g Sample wt. M sample DPM/gram
and 2 (sample t g (sample) (grams) wt. (grms) * g
Depth S +1.5.) g
10 - 3 1 6333 3198123.09 - 3198423.16 25.6%1.50 2.242. 045 2.07%.072
2 6435 1.86%.037
3 6423 2.10+.042
10 - 6 1 6560 3255423.29 3215123.36 25.9%]1.52 78.80t4.85 2.54%.049 2.26%.079 34.8722.46
2 6505 2.h32.049
3 6466 1.90t.038

Bkg 2.5 CPM Pack H-3 Std = 380800 CPM
: 17.5 CPH
19.0 CPM




LOWER LEVEL PLOT DATA
C-14 DPM/Gram t o

He-14 1.5, added"

G-8

Position

and
Depth

Sample #

Cts/2 min

MNCPH to
(sampie +
1.S.)

1.§. CPM z o

1.5, Eff

to

] -

3

WA - WA - W By — W N~ W N - w N - wnN - WA -

N

w N —

w N -

10306
10758
10506

10568
10474
10308

10368
10548
10529

10706
10791
10682

10569
10251
9979

10241
10367
10447

10216
10431
10299

10222
10146
9890

10196
10130
10197

9843
9774
9854

10145
10298
10334

5261+29.

5225229.

5240229,

5363129.

5133%£29.

5175223.

5151+29.

5043£28.

5087:29.

4911228,

5129%29.

61

st

55

90

25

37

32

99

61

24

5247429.

5111229,

5226%29.

5349%29.

5119229,

5161129,

5143229,

502925,

5073%29.

4897128,

5115229,

61

51

55

90

29

37

32

99

61

24

52.4713.07

51

5a.

53.

51,

51

50.

50.

43,

s1.

12

26t3.

4923,

192,

.61%£3,

4323,

29%2.

73t2.

972,

15%3.

.99

06

13

93

02

01

95

87

87

00




C-14 DPH/Gram t O

LOWER LEVEL PLOT DATA

"C-14 1.S. added"

Position
and
Depth

Sample #

Cts/2 min

HcPH to
(sample +

1.s.)

1.S. CPM ¢t ¢

1.s.
g

EFf

6-6

BKG

W — w N - W — W R - W - b N = WA~ W N W N -

p—

10551
9843
10132

10272
10413
9922

10196
10214
10612

9964
10060
10327

10k16
10101
10375

10290
10086
10201

9975
9710
8920

10147
8718
10222

10195

10060
9837

32

27

5087t29.

5101+£29.

5170+29.

5058129.

5148429,

5096£29.

4767+28.

5092+35.

5015x£28.

13.67¢1,

12

36

Ok

29

14

19

68

9t

51

5073£29.

508729,

5156129.

5044229,

5134229,

5082129,

4753229,

5078+35.

500128,

36

Ok

29

68

91

50.

50.

St.

50.

51.

50.

47.

50.

50.

77%2.

87+2.

5623.

bikz2.

0lt2.

97

98

02

95

o1

.98

.79

48

53




LOWER LEVEL PLOT DATA

DEPENDENCE OF CPM ABOVE BACKGROUND ON SAMPLING POSITION AND DEPTH

G-10

M abo %

Position H-3 CPM above C-14 CPM above H-3. M CPM above c-14 M cP
and 8KG £ © . BKG t o BKG £ o BKG £ O
Depth
1 -3 1.61 & .28 14 3.24 2 .9
2 -3 - .52 -.48
3-3 5.44 ¢ .50 -.27
4 -3 6.70 £ .31 .07
5-3 3.87 £ .30 .70
6 -3 1.41 ¢ .28 .02
7 -3 .52 £ .27 -.23
8 -3 3.36 £ .29 .ol
9 -3 11.40 ¢ .28 .38
10 -3 -1.36 ¢ -1.21
1 -6 43.13 £ .47 -.02 26.24 £ 1.27
2-6 62.58 = .53 o2k
3 -6 51.66 £ .50 .36
4 -6 24,22 ¢ .39 2.27
5§ -6 - 44,00 £ .47 .32
6 -6 4.21 £ .30 -.08
7-6 .98 ¢ .28 -.23
8 -6 9.28 ¢ .32 .50
9 -6 1.93 ¢ .28 -.67
10 - 6 20.43 £ .38 17




LOWER LEVEL PLOT DATA

DEPENDENCE OF DPM/GRAM ON POSITION AND DEPTH

G-11

lPosition and Depth DPM/gram ¢ ¢ Position and Depth OPM/gram % o
1 -3 2.87 £ .539 1 -6 74.74 £ 5.18
2-3 - 2 -5 113.20 £ 7.76
3-3 10.19 £ .908 3-6 101.51 £ 7.11
4 -3 9.06 & .747 4 -6 33.43 £ 2.34
5-3 8.81 £ .909 5-6 83.58 ¢ 5.79
6 -3 2.61 £ ,549 6 -6 9.86 t .971
7-3 .82 % .429 7-5 1.91 ¢ .562
8 -~3 §.57 £ .613 8 -6 17.51 £ 1.3%
3 -3 18.34 £ 1.363 3-6 L.75 £ (745
10 -3 - 10 - 6 34.87 + 2.46

M= 5.83 M= 47.53




APPENDIX H

Creek Bottom Plot Data




CREEK BOTTOM DATA
H-3 and C-14 M CPH above Bkg t o

Position Sample # H-3 cts H-3 M H-3 M C-14 cts C-14 K c-1h M
and 100 min cpm £ g cpm-bkg 100 min cpm t O cpm-~bkg
Depth to t 0

1 i 1373 13.412.21 -.02%.30 1212 12.13%.20 .33%.28
2 1354 ' 1214
3 1295 1213

2 1 1277 12.40%.20 -1.03%.29 1226 11.634.20 c-.17%.28
2 1262 1106
3 1181 1156

3 1 1303 12.61%.21 ~-.82%.30 1267 11.95¢.20 .15%.28
2 1214 1193
3 1265 1126

4 | 1412 13.82¢.21 .37%.30 1304 12.55+.20 .75%.28
2 1429 1294
3 1306 1216

5 ) 1419 13.66¢.21 .23¢.30 1301 12.46£.20  .66%.28
2 1312 1217
3 1367 1219

6 | 1221 12.67+.21 ~.76£.30 1132 11.70¢.20 -.10t.28
2 1317 1216
3 1264 1162

Bkg i 1391 13.43¢.2) 1176 11.80%.20

2 1253 1211
3 1385 1154




CREEK BOTTOM DATA

C-1h DPM/Gram t o vc-1h 1.S. added"
Position Sample § Cts/2 min HEPM £ o 1.S. CPH r 0 1.5, Eff  Sample Samp le H sample
(sample + to DPM t @ welght welght
1.5) {grams)  (grams t o)
1 1 10217 5101429.16 5089t29.27 50.89t2.98 .649 2.4)
2 10194
3 10196
2 1 10028 4961428.76 4949128.88 49.5%2.9 -.343 2.13
2 9647
3 10093
3 1 9935 5000128. 86 4987+28.97 43.9t2.92  .30! 2.08
2 10064 '
3 10002
1 1 IQ228 5118+29.20 5105%29.3} 51.142.99 1.469 2.26
2 10225
3 10258
5 | 10110 5006+28.88 4993128.99 49.9:2.93 1.322 2.15
2 9869
3 10057
6 ] 10076 4974428.79 4762+28.90 49.612.91 -.202 2.09
2 9527 ’
3 10245
Bkg 1 24 12.3312.56 Pack T-14 Std: 62764 CPH
2 jo




CREEK BOTTOM DATA

H-3 DPM/Gram t 0 -3 1.S. added"
Position Sample ¥ Cts/2 min HCPH t o 1.S. CPH O 1.S. Eff Sample Sample H sample
(sample + t 0 DPM t o welght welght
1.8) {grams)  (grams % o)
! ] 5852 2965122.23 2951422.28 23.811.40 -.084 2.4 2.4
2 6008 2.35
3 5932 2.47
2 1 6167 3027422.46 301542251 24.321.43 -4.236 2.17 2.13
2 5817 . 2.25
3 6183 : 1.96
3 i 5772 2952422.18 2939£22.23 23.7%1.39 -3.459 2.23 2.08
2 6184 1.82
3 5761 : 2.19
4 1 5428 2876121.89 2861421.95 23.1¢1.36 1.691 2.49 2.26
2 5894 2.18
3 5934 2.11
5 1 6'“2 2964422.23 2950+22.28 23.8t1.40 .967 1.98 2.15
2 5677 2.48
3 5968 1.99
6 I 5999 2902121.99 2889+22.05 23.311.37 -3.262 2.52 2.09
5383 1.77
3 6033 1.98
Bkg | 32 ih.00t1.53 Pack H-3 Std: 375489 CPM
2 23

3 29




CREEK BOTTOM DATA
Position vs. CPM ¢+ BKG

Position H-3 CPM + BKG C-1kh CPM 48KS
t ¢ ¢
1 - .02 ¢+ .3 .33 ¢ .28
2 . -1.03 ¢ .29 =17 £ .28
3 -.82¢ .3 .15 ¢ .28
4 .39 £ .30 J75 £ .28
5 .23 £ .30 .66 ¢ .28
6 - .76 £ .30 .10 ¢ .28
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