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CnAPT:ER I 

INTRODUCTION 

Disposal of much of the radioactive waste generated at the 

University of Kansas Medical Center is by burial at the Uni1rersity 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 soil. Based on this 

tion, burial limits were established which prevent the leached activity 

from exceeding the maximum permissible concentrations (MPC) for water. 

This project is to quantitate the amount of leaching and to verify the 

safe operation of the burial site after approximately ten years of use. 

Radioactive waste is buried in a 200' x 200' section of land 

located 907.3' South and 216' East 0£ the Northwest corner of Section 13, 

1 Range 21?:, in Johne.:,n County, Kansas. This locati::>n has beer:. user! fer 

disposal of radioactive waste since 1965. Figu!'e 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 1 to 100' long are dug 

for burial of radioactive waste. The waste material is either stacked 

or thrown into 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 ~.ounded ovet' the top. Figure 2, page 4, 

1unh·ersit•, of Kansas Medi.::al Center - Radioactiv~ Materials 
License 18-C054-02, 1974. 
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shows the bcrisl location of waste as of November 18, 1976. Th2 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 precautions taken to prevent 

rupture of the containers. Examples of the types of containers used 

' 

include plastic bags, plastic or glass vials, 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 

releasing. radioactive waste. 

Various isotopes and chemical compounds have been burled 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 studied 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 ~hether carbon-14 (C-14) and 

hydrogen-3 (H-3) are pt'esent -'.it levels exceeding those '"'hich naturally 

occur. Table 1, page 4, lists the decay characteristics 2 and the amount 

of activity which has been buried for these two isotopes. Table.s 2 and 

3, page 7, list some of the classes of compounds and specific chemical 

forms, most of them buried in a toluene or xylene base liquid scintil-

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

waste volume. 

2 Chfa!mical Rubbe.c Company. C:lC Hs.ndbcok of Radioactive Nuciides, 
1969. The Chemical Rubber Company; Cleveland, Ohio, 1969, p. 34. 

·' i. 



Geological Characteristics~ th~ Disposal Sice 

The burial plot is composed of the following types of soil in 

distinct stratified layers: l)the topsoil is a-tawnee clay loam, and 

this surface layer is approximately 24-32% clay and varies from 10-1811 

in depth; 2) the subsoil is 35-50% clay and is fro1!l 24-40" thick; 3) the 

substratum is variable in texture and is about 40-110" thick~ 4-)below 

this substratum is a layer of rock lake shale t:onsit~ting of sandston~ 

and sandy shale. 3 Figure 3, page 5, illustrates the vertical strati­

fication and slope (4-6%) of the dispo3al site. 

FIGURE l 

LOCATION OF THE DISPOSAL SITE 

t 
N 

i K-10(9.S r--~ 
Des~to t·7 (5 Milas) 

K-10 ( 10 Miles) I 
To Eudora ----+----''v.------1---

County Road 
(1 Mile) 

___,____, 
!Burial/ 

1 Plot I 

3T-,m McLain. "Soil at KUMC Low Level Radioac.ti11e Waste Site 
in Johnson County. Kansns", Requested Report, 1976. 
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TABLE 1 

DECAY CHAP~~CTERISTICS CF H-3 A.."ID C-14 

T 

12.3 years 

5730 years 

Radiation Emitted 

8- (. 0186 HeV) 

8- ( .1.56 MeV) 

Activity Buried 

2,200,000 JlCi 

300,000 i,iCi 
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FIGURE 3 
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CHAPTER II 

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 radioactive material from soil 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 radioa·ctive Matexial attt:ibutable 

to the disposal site. 

Project #1: Determining the Capa~ility for Removal of Radioactive Material 
from Soil 

To determine if radioactivity is 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 -?liminate as much as possible any quenching due 

to the soil sample. Th:is was accompl:!.shed 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 material were added to the soil, processed, and counted; then an 

internal standard was added to each sample so that the results could be 

related to the percent removal efficie.nc.y for each str:1.ppin~ agent. 

6 
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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 

1. 
2. 
3. 
4. 
5. 

Sugars 
Amino Acids 
Water 
Fatty Acids 
Organic Solvents 

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.: A.,iino Acid Mixture 

The chemical classes and specific chemical forms used as 

stripping agents are listed in Table 4, page 8. The classes were chosen 

to reflect a broad spectrum of chemical reactions to determine which 
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stripping a~ent had the best cocposite extraction effi:::i2ncy for the 

labeled compounds listed in Table 3. 

Samples were counted in a Packard Tri-Carb liquid scintillation 

counter set to operate in the balance point mode. 1 Packard Dimulume-30, 

a scintillation fluid containing a chemi-luminescence inhibitor, was used 

for the counting fluid. 

Class 

Acid 
Base 
Organic. Solvent 
Water 
Chelating Agent 

TABLE 4 

STRIPPING AGENTS 

Chemical Form 

HCL (pH-1) 
Protosol 
Liquid Scintillation Fluid 
Water 
EDTA* 

*Ethylenediamenetetraacetic Acid 

It was calculated that 1.5 to 3.0 grams of soil would be needed 

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 

some method of counting the soil samples without producing severe quenching 

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. 

1Nuclear Chicago Mark I Scintillation Counter Instrumentation 
Manual, Section 4, pp. 1-7. 

2 K. 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 quenchi~g effect of suspending various amounts 

of soil 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 Yacuum pumps to apply suction to 
0

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 s3.Inples 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 soil 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 increasing amount of soil was added to a series of vials and 

the vials centrifuged for 30 minutes. A known 4mount of C-14 toluene 

(8.7 x 10 3 ntpm*) was added to each vial, the samples counted, and the 

degree of quenching determined by di•,iding the net CPM by the ntpm added. 

This procedure was then repeated using H-3 toluene (5.6 x 10 4 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 o.f the 

*ntpm: nuclear transformations per minute 

r 
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stripper into 15 ml of !)inulume-30, allowing the solution adequate time 

to cool in the scintilla:ion 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 4 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 aooun: of 

activity. 

Determining the extraction efficiencies ..2.f 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 labeled 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 . 

i 
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Project P.2: Determining Whether Radioactive 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 net 

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 1 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 
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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 soil 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 oreparation, Since the primary method of removing radioactivity from 

the soil was by direct contact with the scintillation fluid (determined from 

E..xperiment lfl), it was necessary to have the soil surface ar:aa as large as 

possible. This was accomplished by pulverizing the .:ore samples on a wire 

screen to produce a sample of sandy consistency. 

. ' 
i 
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FIGURE 4 

,"..UGER .-\..\/D CORE BARREL EQUIPME:~T 
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FIGURE 5 

RE:IOVAL OF SOIL SA.'1PLE FROM CORE BARREL 
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After the core sam?le was pulverized, apprcxim~tcly 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 

over a period of 20 to 30 minutes, and then allowed to stand overnight. 

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, illustrates the appearance of the 

vials after adding the soil, vortexing, and finally centrifuging. The outs d 

surface of the vials was cleaned with ethanol to remove any finger.prints or 

soil which might reduce light transmission through the glass. The samples 

were placed in a liquid scintillation counter for 10 to 15 hours to 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 104 ntpm). The 

samples were then counted for two minutes and the above procedure -repeated 

using C-14 toluene (1.0 x 10~ ntpm). 

The samples were counted on a Searle Mark III liquid scint:Ulatic,n 

counter. The counter was programmed to count in the dual label (H-3 and 

C-14) variable quench mode. In this mode, the instrument auto:natically 

shifts the window to center the spectrum peak thus maximizing the countir?.g 

efficiency. 3 The step-by-step procedure used for processing the soil sampl s 

is contained in Appe~d:..x D. 

3Searle Mark III Scintillation Counter Instru•:t:f.,:in ~h':mal, Sec­
cion 5, pp. 5-42-.-- --



FIGURE 6 

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

Appendices E through H. Appendix E contains the data collected from the 

background plot, Appendix F contains the: data collec-:::ed from the :=.u:dal 

plot, Appendix G contains data from the lower level, and Appendix H con-

tains data from the creek bottom, A sample calculation is shown be:!.ow. 

The information for this example was taken from App~ndix F for positions 

Legend. bkg: background count from scintillation fluid and vial 

BKG: background count from soil 

M: mean 

CPM: counts per minute 

a: standard deviation 

I.S.: internal standard 

ntpm: nuclear transformations per minute 

eff: efficiency 

A. Calculation of the mean (M) sample CPM - bkg ± cr 

1. Gross H-3 M CPM 

8250 cts/100 min. 
7653 cts/100 min. 

16079 cts/100 min. 
31982 cts/300 min. = 107 CPM 

1 
2. cr = (107 CPM/300 min)~= .6 c=s. 

3 3 CF ; CPM ' . ) ~ . Net H- N . M ± u = ,gross - okg .• a 

= 92 ± .6 



B. Calculation of sample ntpm ± a 

1. Gross H CPM ± a (soil sample, I.S., bkg) 

6301 cts/2 min. 
6373 cts/2 min. 
6534 cts/2 min. 

19208 cts/6 min.= 3201 CPM ± 23. 

2. Net I.S. CPM ±a= tgross CPM(sample + I .S. + bkg) 
- net sample CPM - bkgr ± a 

3. 

4. 

= (3201 - 92 - 15) ± H24) 2 + (.6) 2 + (1) 2 r½ 

= 3094 ± 24 

I.S. eff. ±a= I.S. net CPM ± a 
I. S. ntpm ± a 

a. I.S. a= 5% calibration error+ 3% pipetting error 

= .06 

b. a (net I .S. CPM) = 24/3094 = .008 

c. I.S.eff± 
3094 ± .008 

cr = ---,---,--,.,---~ 
1.24 X ]0'+ ± .06 

= 25 ± t(.06) 2 + (.008) 2 t½ 

= 25 ± .06 

= 25 ± 1 .s 

Sample ntpm ±a= 
net sample CPM ± a 

I. S. eff ± a 

92 ± .06 CPM 
= 

.25 ± 1.5% 

= 92 ± .007 
.25 ± .06 

, 
= 368 ± H .007) 2 + (. 06) 2 P 

= 368 ± .06 

= 368 ± 22 ntpm. 

--
18 



C. Calculation of ntprn/grarn of soil 

I. M soil wt (grams) per vial ±a= 
1.48 ± .04 grams 
1.99 ± .04 grams 
1.74 ± .035 grams 
1:11+ ± .06 grams 

, 
cr = ~(.03) 2 + (.04) 2 + (.035) 2 1~ = .06 

2. ntpm/gram ± cr = 
M same le ntem ± cr 
M sample weight± cr (extraction 

368 ± 22 
=(1 .7 ± .06) (.49) 

368 ± .06 
= (I. 7 ± .04) (.49) 

= ~31 ± H.05) 2 + (.04) 2 r½ 

= 431 ± .07 

= 431 ± l 5 n t pm/ g ram . 

eff.) 

NOTE: 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 III 

RESULTS 

Determining the Capability for Removal of Radioactivitv from Soil 

The results of this experiment are summarized in tabular and in 

graphical form. The counting eff~ciency 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 gm 

of soil decreased the H-3 and C-14 counting efficiency to 2% and 20% 

respectively (see Table 6, page 25). However, by centrifaging the Sal!lples 

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 a.'llcunt 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 



with no soil added to 34% with 5.09 grams added. 

21 

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 experiment 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 92%, 96%, 88%, 73%, and 91% respectively. For 

toluene the extraction efficiency of water, counting fluid, EDTA, protosol, 

and acid was 88%, 87%, 86%, 82%, and 71% respectively. For amino acids, 

water had an extraction efficiency of 14%, EDTA 13%, counting fluid 11%, 

acid 11%, and protosol 9%. For glucose, the extraction efficiency of acid, 

water, EDTA, counting fluid, and protosol was 32%, 31%, 24%, 4%, and 4% 

respectively. For H-3 water, the extraction efficiency for counting fluid 

was 36%, and for water it was 38% (See Table 10 and Figure 7). Table 5, 

page 22, sU!lllllarizes the raages of extraction efficiencies of the various 

labeled compounds. 

If the r.et sample CPM (LSF and Stripper) exceeded BKG (LSF)* + 3-:J, 

the contribution from the stripper was considered significant. For the 

five stripping agents used, none exceeded this value. It was concluded that 

there was no significant contribution to the count rate due to chemical 

luminescence of the stripping agents. 

A C~l4 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 72% counting efficiency. The efficiencies ob~ained 

after adding three ml of the sc~ipping solutions ~anged 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 737. 24 
Toluene 88% to 71% 20 
A.A. Mixture 14~~ to 9% 31 
Water 38% to 36% !t 

Glucose 32% to 4'" ,. 88 

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

The results of this experiment are sunnnarized in tabular and in 

graphical form. Final values for the soil data are listed as CPM above 

background ±cr and ntpm/gram ±a. It is assumed that the counts obtained in 

the H-3 and C-14 channels are ~rem those respective isotopes 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 sam"!)les taken at nine feet. The mean net Cd.4 
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The information for the creek bottom is contained in Appendix H. 

See Tables 11 - 12 and Figures 7 - 8. 



Sample fl 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

TABLE 6 

QUENCHING EFFECT OF SOIL SUSPE:IDED IN 
A LIQUID SCINTILL~TION FLUID 

Isotope Soil Weight Counting 
(grams) 

C-14 .2380 8 
·" .2129 9 
II .1027 20 
II .0429 48 
II .0287 51 
II .0076 66 
II .0019 72 
" 0.0000 73 

H-3 . 3071 .5 
II .2050 1 
II .1110 2 
II .0511 6 
II .0233 14 
II .0052 34 
II .0038 36 
II 0.0000 45 

25 

Eff. (%) 



Solution 

Water 

Acid 

EDTA 

Protosol 

TABLE 8 

CHEMICAL LUMINESCENT PROPERTIES OF 
THE STRIPPING SOLDTIO~;s 

Sample f,! CPM 

1 32 
2 34 

1 38 
2 41 

1 28 
2 36 

1 35 
2 46 

BKG (no stripper added) 1 29 
2 35 

TABLE 9 

27 

CPM-BKG 

0 
+2 

+6 
+9 

-4 
+4 

+3 
+14 

M (mean) =32 CPM 

QUENCHING PROPERTIES OF THE STRIPPING SOLUTIONS 

Solution Sample ti 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 
2 37 M (mean) = 35 CPM 
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TABLE 10 

EXTRACTION EFFICIENCIES FOR THE STRI?PING AGE!,TS 

Labeled StriEEing Agents 
Compounds C.F.* Prot.* I H2o EDTA Acid 

Amino acid 
mixture 11 9 14 13 11 

Cholesterol 96 91 92 88 73 

Glucose 4 4 31 29 32 

Water 36 38 

Toluene 87 82 87 86 71 

*C.F. Counting fluid 

*Prat: Protosol 
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TMLE 11 

H-3 HEAN CPM ABOVE BACKGROUND OF SOIL SAMPLES 

Depth Background Burial Plot Lovier Level Creek Bottom 

3' .2 ± .4 31 ± 3 ± 1 -.02 ± ,3(1)~~ 

6' .4 ± .4 111 ± 2 26 ± -1 ± .3(2)* 

9' (Btm) 4 ± .4 195 ± 2 26 t -.8 ± ,3(3)* 

.4 ± .3(4)i: 

.2 ± .3(5)i: 

-.8 ± .3(6)it 
*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 48 ± 14 

5 ± 1 415.01 ± 74.32 48 ± 14 
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FIGURE 10 

MEAN H-3 ntprn FOR SAMPLING SITES AT 3 1
, 6 1

, AND 9 1 
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CHAPTER IV 

DISCUSSION 

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

The procedure developed in project #1 for processing soil S{llllples 

provides a method for removing radioactivity 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 overall extraction efficiency for removing leached radioactivity 

from soil. This was not followed for two reasons: l)when three ml of 

water or a water base compound such as EDTA or acid is added to 15 ml of 

Dimulume-30, the scintillation fluid has a tendency to partially gel. When 

this occurs, the soil particles suspend in the gel and cannot be centrif~ged 

do1..'TI, thus ir.creasing the amount of quenching produced b:, the soil. The 

probleo ~~an be solved by heating the vials in warm water to dissolve the 

gel, but th:l.a is a time-,:-,:;nst:.ming process and often the fluid re-gels before 

~entrifuging ::.s coop late; 2) th2. me:an extraction efficiencies for water, 

EDTi"., and C.F. are 55, 53, and 49 pe:ccent. When the a:::-cp in counting effi­

d.••ncy c:~t=i1_-,utable to <;uenching of ::he str:i.!_::~i>.rs is considered (51( br 

34 
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water, 3% for EDTA), the overall efficiency of the extraction procedure 

(extraction and counting efficiency) for the three compounds becomes 50% 

for water, 50% for EDTA, and 49% for C.F. 

Based on the tendency of the scintillation fluid to gel when a 

water/~ater base compound is used as a stripper and the £act that the 

overall efficiencies for the three best strippers are so close, c.:ounting 

fluid (C.F.) was chosen as the stripper of choice. 

These extraction efficiencies, when extrapolated fer the disposal 

site, did not take into consideration the many variables that might affe~t 

the leaching or binding of labeled material in soil (seasonal temperature 

changes, long term e..xposure to radiation, ground water movement, etc.). 

Because of the many variabl.:?s possibly affecting the movement or binding 

of compounds to soil, it was assUl!led that if labeled compounds could be 

extracted from soil 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. 

?roject #2: D~termining ~hether Radioactive Material is Leaching from 
the Radioac-::ive Waste Disposal Site 

If radioactive material iE leaching from the disposal site, one 

would l)expect to see the burial plot and lower level plot CPM exceed the 

background plot CPM with increasing sampling depth a~tl 2)e.xpect the net 

C:1H and ntpm/gra:n to be the lowest in the background plot, highest: in the 

burial plot, and somewhe::e in the middle ir: t!u=~ lower level plot. Except 

fa:: the backgroun<l plot at six feec, hot.h 0f these ex;ie:c-::ations were 

conect. T!1::re wa•:; a drop .in both the net ii-3 CPM and the H-3 ntpc!1./6 rsm 

b2.t;.,een t:he three foot .:.nd ~..:.x .foot sa!4pling depths in th<'? b'.3c:tground plot. 

However, ~he values were so close together that the differen~es are not 

statistically different. 
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H-3 Samoles. The net H-3 CP~ at three feet for the background, burial, 

and lower level plots was 2 ± .4, 31 ± 1, and 3 ± 1 respectively. At 

six feet, the values were .4 ± .4, 111 ± i, a:id 26 ± 1. At nine feet they 

were 4 ± .4, 195 ± 2, and 26 ± 1. 

The H-3 ntpm/gram followed the same pattern as the net CPM. Tte 

informacion for the net CPM and the ntpm/gram is contained in Tables 11 ar.d 

12. page 31. 

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

level plot exceeding 11background plot data (BKG) + 3:r" co:1stitates leaching 

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

for the background plot at three, six, and nine feec, the net H-3 CPM (BKG) 

+ 3o is 3, 2, and 5; for all samples collected in the burial and .!.ower le•1el 

plot at three, six, and nine feet (bottom), these values are excaeded; for 

the burial plot, the values are 31, 111, and 195 net CPM and for the lowe~ 

level they are 3, 26, and 26 net CP~ (see Table 13, page 3i). 

For the background plot at three, six, and nine feet, the H-3 

ntpm/gram + 3o 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 values 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 !18 ntpm/grar:i 

(sae Table 13, page 37). 



TABLE 13 

SUMMARY OF STATISTICAL ANALYSIS 

Position Net Counts/~inute 

3' 

6' 

9' 

*BKG: 
B.P: 
L.L: 

BKG* + 30' 

3 

2 

5 

Background µlot 
Burial plot 
Lower level plot 

B.P.* L.L.* 

31 4 

111 26 

195 26 

ntpm/gram 

BKG + 30' B.P. 

3 64 

2 224 

9 415 

37 

L.L. 

6 

48 

48 

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, it is not possible to say that these compounds are leaching. In 

no case did the values calculated for C-14 net CP~ exceed the values of 

C-14 background plot data (BKG) T 3cr. In four of the eight calculated 

values for net C-14 CPM, a ~egative value was obtained. 

Because of the similarities betw~en the H-3 and C-14 labeled com­

~ounds 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 amount of soil added 

to each vial was less than chat calculated for obtaining significant 

counts from the soil.. 
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Since it has been determined that radioactivity 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 establishing 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 activ·ity has been 

diluted to the point where it is below the minimum detectable ~evel for 

the counter or the activity has not leached to the stream bed at thi$ ti.me. 

In either case, there does not appear to be any activity attributable to 

the disposal site in the creek bottom. 

In Table 14, the µCi/gram of soil for the various srunpling depths 

for the different plots has been calculated a~d summarized. This was 

done so that a comparison can be made between the levels of activity 

leaching aud the maximum permissible concentrations for uncontrolled ar-aaas. 

This comparison was between µCi/gram of soil and the l.!Ci/ol for 

water. Water concentration levels were used since th:ere are no concen­

tration levels for soil and the move:nen.t of the leached activity thr0u)lsh 

the soi 1 ,is probably due to the :novem,2,n t of ground water. 

The !:lax::.mum peni.ssible co;-ice.ntration for H-3 in water fm~ uncon·· 

trolled areas is 3 x 10- 3 µCi/ml. In the burial plot, the µCi/gram at 

three, six, and nine feet was 2.88 x 10- 5 , 1.018 x 10-~, and 1.88 x 10-~ 

respectively. In t:1e lo,;.,-er level plot at three feet and bottom, t!1e 

UCi/gram was 2.65 x 10- 6 and 2.15 :x 10- 5 • 

From the values abc•;e, it ca:1 be so?.en d:at t~1e concentration in 

soil (µCi/gram) in the. burial and lower level plots :a~ges fro;n 16 to .:.::.32 
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times less than the concentration levels allowe<i f.:•r water (uCi/ml). 

The worst case situation would be the le.;,d.ing of 1. 38 x 10-4 uCi 

per gram of soil into the ground water over a ,eriod of one yea,. The 

H-3 concentration (uCi/ml) at the nearest accessible point on the creek 

then would be 8 x 10-6 uCi/ml. This value 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 concentration (uCi/ml) one mile down­

stream fro~ 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 (}lPBB) for H-3 is 2 x 103 uCi. 

I 

Using the above maximum activicy of 1. 88 x 10-4 uCi/gram of soil, one ,,•ould 

need to ingest 1 x 107 grams (23,000 pounds) of soil to reach the MPBB 

for H-3. 

From the above discussion and compar::.s0ns, it would b~ safe tr, 

ssume that people living and working in the area w1ll ~~t be exposed to 

adiation levels which are considered to be harmful and that the e~virou-

.ental hazard due to leaching of .the compounds will be minimal. 

TABLE 14 

uCi/gram of Soil 

Depth Burial Plct Lower Level Plot 

3' 2.88 x 10-5 2.65 X 10-6 

6' 1.01 X 10-4 2 .16 :< 10-5 

9' (btm) 1.38 ,o-4 X .,_ 2.16 X 10-S 

H-3 MPC for water: J x 10-3 uCi/ml 



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 radioactive material to exceed the }1PC for uncontrolled areas. 

Samples were taken from four sections around the disposal area (background, 

burial, lower level, and creekbottcm). At each sampling plot, soil samples 

were taken at levels of 3 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 r4dio­

ac~ive material from soil samples. Extraction efficiency for the compounGs, 

representative of those buried at the disposal site, ranged fro~ 46% to 

55%. This project determined that from 46% to 55% of the leached activity 

could be extracted if radioactivity were, in fact, leaching from the site. 

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% 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 10-4 to 2.6 x 10-6 

uCi/gram. Data collected for samples taken in the creekbottom indicate 

there is no radioactivity present which is attributable tc the disposal 

site. 

40 
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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 with 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 wi:h leaching of C-14 

at the maximu.~ permissible concentration is 890 counts per minute. By 

compar~ng 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 

radioactive waste do not allow leaching to exceed 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 

livi~g 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 



I. Preliminary Information 

A. Disposal area: 220' x 200' 

B. Depth radioactive waste is buried below surface: 2' 

c. Burial plot: 200' X 60' 

D. H-3 activity buried: 2.2 X 106 µCi 

E. C-14 activity buried: 3.0 X 10 5 µCi 

F. Estimated values: 

1. H-3 counting efficiency for soil samples: 35% 

2. C-14 counting efficiency for soil samples: 60% 

3. Mean extraction efficiency: 33% 

4. Percent of buried activity leaching: 5% 

5. H-3 background CP~!: 25 

6. C-14 background CP~: 20 

G. Assumptions: 

1. Distribution of leached activity: 

a. activity is uniformly distributed over disposal site 

b. activity is uniformly distributed over burial plot 

2. Detectable limit is BKG + 3cr 

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

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

II. Calculations 

A. Minimum detectable activities 

1. H-3 

a. BKG = 25 CP~ 3cr = 15 CPM 

b. 
15 CPM 

--------------,-- = 5. 56 x 10-s µCi 
(.6)(.35)(2.2 x 10 6 ntpm/µCi) 

A-2 



T 
• 

2, c,,..14 

a. BKG = 20 CPM 3cr = 13.42 

b. 
13.42 

--,---,---,--------,---:----:- = 2. 9 04 x 10- 5 µ Ci 
(,6)(,35)(2.2 x 10°ntpm/uCi) 

B. Mass of disposal site - burial plot 

1. Disposal site 

(200') (200 1 ) (2. 5') (1. 9 grams/ cm 3 ) 

3.53 x 10-5 ft 3/cm 3 

2. Burial plot 

= 5.38 x 10 9 grams 

(200')(60')(S')(L9 grams/cm 3
) 

9 
5 3 3 = 3.228 x 10 grams 

3.53 x 10- ft /cm 

C. Soil/vial needed to produce minimum detectable counts 

1. H-3 

a. Disposal site 

5.56 x 10- 5 µCi(M.D. activity) -----,-----------=-""--- = 2.72 grams 
(2.2 x 10 6 lJCi)(.05)/5.38 x 109 grams 

b. Burial plot 

5.56 x 10-; µCi 
---------'--------- = 1.63 grams 
(2.2 x 10 5 )(.05)/(3.228 x 10 9 grams) 

2. C-14 

a. Disposal site 

___ 2:;;..:..;. 9::..;0=-4~x=--=l;_;;.0_-_5 _µ"'-C,;;.;1;;;,.· _______ = 10. 4 2 grams 
(3.0 x 10 5 µCi)(.05)/5.38 x 109 grams 

b. Burial plot 

2.904 X 10- 5 µCi ---=-:..::..:~~=-...;;;.,;:_;:_ ________ = 6.25 grams 
(3.0 x 10 5 µCi)(.05)/3.228 x 10 9 grams 

........ 

A-3 



APPENDIX B 

Activity. Extraction Procedure 



l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Add approximately two grams of soil to each vial. 

Pipette 100 lambda of the labeled compound into each 

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. 

vial. 

10. Spin the samples until soil forms a hard layer on bottom of the 

vial and no soil particles are visible floating in the liquid. 

11. Wipe the outside of vials clean with ethanol. 

12. Count samples for four minutes. 

13. Remove samples and add an internal standard of the same isotope 

as the labeled compound. 

14. Count the samples for one minute. 

15. Determine the removal efficiency in the following manner: 

a. Internal Standard Efficiency= 

fCPM(.sample + I. S.) - BKG1' - fCPM(sample) - BKG1' 
ntpm (I.S.) 

b. Removal Efficiency= 

CPM(sample) - BKG 
~I.S. eff. x Sample ntpm➔ 

B-2 
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Sampling Area 
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*BKG: Background 
B.P: Burial plot 
L.L: Lower level 
D.S: Disposal site 
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APPENDIX D 

Soil Processing Procedure 



l 
• D-2 

1. Grate the core sample over wire screen. 

2. Heasure approximately two grams of soil into preweighed scintilla­

tion vial. 

3. Reweigh the scintillation vial and determine exact weight of soil 

added. 

4. Add 15 ml of Dimulume-30. 

5. Vortex sample several times over 15 - 20 minutes. 

6. Let the vials set overnight. 

7. Vortex sample several times. 

8. Spin samples in centrifuge until all soil is packed on the bottom. 

9. Place sample in counter overnight to cool and dark adapt. 

10. Count each sample for 100 minutes. 

11. Add the H-3 internal standard. 

12. Count each sample for two minutes. 

13. Add the C-14 internal standard, 

14. Count the sample for two minutes. 



I -

• 

APPENDIX E 

Background Plot Data 



BACKGROUND DATA 
H-] and C-14 H CPH above 8kg :I: o 

Position Sample # H-3 cts H-3 ii H-3 ii C-14 cts C-14 ii C-14 ii and 100 min cpm :lo cpm-bkg 100 min cpm :I: o cpm-bkg llepth :I: a :I: a 

1 - 3 I 2080 19.66±,066 1i.ou.071 121] 11.64:1:.039 1.99:1:.042 2 1877 1095 ] 194] 1184 
I - 6 I 1671 16.19:1:.054 .51,7:1:.060 911 9.li2t.031 -.227:1:.035 2 1621 957 3 1566 959 
I - B I 2248 21.84±.07] 6.19:t.077 1004 9.93:1:.033 .280.037 2 2103 987 

3 2201 988 

2 - 3 I 1598 17 .08:1:.057 l.1+]7t.063 915 9.27±.031 -.377:1:.035 2 176] 910 
] 1764 957 

2 - 6 I lb76 16.88t.0]6 I .2]7t.062 971 9.411:1:.031 -.211:1:.035 2 1689 971t 
3 1700 886 

2 - B 1782 15.6]:1:.052 -.Ol]t.058 881 0.79:1:.029 -.853:1:.033 2 lltSlt 87S 
] 145] 8RJ 

] - 3 I 1615 16.l]t.051i .'i87t.060 920 9.0!,it.OJO - • 59]:t. 0311 2 16]8 892 
"\ 1586 905 

3 - 6 1427 l'i.22i.047 -I .'it±.054 937 9.38:1:.031 -.270:1:.035 2 1391 92R 
3 lltlt8 91,9 

t>:I 
I 

I\.) 



H-3 

Position Sample I 11-3 cts 
and 100 min 

Depth 

Background H-3 standard: 382251 

Background C-14 standard: 64419 

BACKGROUND DATA 
and C-14 ii CPM above 

H-J N 
cpm :t a 

8kg :ta 

11-3 ti C-14 cts 
cpm-bkg 100 min 
:t a 

C-14 H 
cpm :ta 

C-14 H 
cpm-bkg 
:ta 

t:t:I 
I 
w 



BACKGROUND DATA 
H-3 and C-14 H CPH above 8kg to 

Post tlon Sample# H-3 cts H-3 H H-3 H C-lli cts c-tli i1 c-tli it 
and 100 min cpm ta cpm-bkg 100 min c.pm t a cpm-bkg 

Depth t a t a 

3 - B I 24)2 2).44±.078 7.79±.082 1030 IO.Olt.033 .)6)±.037 
2 2345 952 
3 2254 1021 

4 - 3 I 145'• 14.56±.049 -1.83±.055 971• IO.O)t.033 .383±.037 
2 1423 1053 
3 Jlt93 983 

,, - 6 1730 18.19:t..061 2.54:t..066 931 9.26±.031 -.)8]t.035 
2 1853 962 
3 1874 886 

4 - B I 2225 2). t6t.077 7.52t.08I 1068 10.74±.036 1.087:t..039 
2 2389 1088 
3 2336 1065 

5 - 3 I 1998 20.62±.069 li.98±.074 863 8.7]t.029 -.88):t..0)3 
2 2197 868 
3 1992 899 

5 - 6 l'162 1't.8Jt.Olt9 -.807:1:.055 872 8.97:1:.030 -.680:1:.0)4 
2 1466 912 
3 I 523 907 

5 - B I 1?.li6 12.84t.Olt) -2.8:t.050 937 9.)4:1:.031 -.)07±.0)5 
2 1328 924 
3 1279 942 · 

8kg I 1640 15.6ltt.161 991 
2 15114 1012 
3 16511 1059 
4 1502 967 tz:I 

I 
5 1519 877 ~ 

6 10187 8811 



DACKGftOUNO DATA 
H-J DPH/Gram t 11 "H-3 I. S. added" 

Position "" Cts/2 min 11 CPH ta 
and ti (sample 

I .S.CPH t a I.S.Hf DP/1 ta Sample wt. H sample DPH/gram 
Depth a. + I .S.) 

t a (sample) (grams) wt. (grms) t a 
E t a .. 
"' 

I - 3 I 6716 3269±23.3" 32'i8:1:23.38 26.2t1.51, 15.27±.94 1.98±.040 2.0]t.072 7.Jlit.519 
2 61ilt6 1.91:t.0]8 
3 6'i51 2.31:t. oli6 

I - 6 I 6690 5301:t2J.li6 3284±23.50 26.5±1.56 2.066±.26 2.42t.Olt8 2.18±.075 .945±.123 
2 6Sli2 1.91±.038 
3 6576 2.20t.Oltli 

I - e I 631,2 3166±22.97 Jllt3t23.0I 25.Jtl .li9 Zli.li2tl .It] 2.21:t.Olilt 2. 13:1:.073 I I. 46±. 794 
2 6244 2.02:t.040 
3 MIO 2. l]t.Oli3 

2 - 3 I 6463 J265t2J.J3 3247±23.37 26. 2±1.5/i 5.1t9.t.1io2 2.li8t.050 2.25±.079 2.41it.198 
2 6629 2. 1'1t.Olt3 
3 6501 2.13t.OltJ 

2 - 6 I 6616 3322:1:23.53 3304±23.57 26.6±1.56 li.62t.36 2.12t.Oli2 2.05±.071 2.25±.192 
2 6730 1.92±.038 
3 6587 2.12t.Olt2 

2 - B I 6211 30l1it22.lil 2997123.li5 24.2±1 .lt2 -.054t.21i09 2.19t.Olt4 2.15t.075 -.025±, I 12 
2 5800 2.07t.Oltl 
3 6074 2.l8t.Oltli 

3 - 3 I 6382 3223t2J.18 3205t2J.22 25.9±1.52 1.884±. 113 2.0ltt.Olil 1.87:1:.065 I .Ol:t.070 
2 6292 l.8Jt.OJ7 
3 6661 I. 7lit.035 

3 - 6 6658 JJ75t2J. 72 3358±2]. 76 27.1±1.59 -5.2ltt.J66 2.25±.045 2.2u.076 -2.3]±.185 
2 6738 2.06±.0lil 
3 6855 2. JI t. oli6 

3 - B I 6380 3207±2). 12 3183:1:23.16 25.7tl.51 JO. 35tl .81 2. 20t .01,~ 2.06:1:.071 14. 73±1 .02 
2 6447 2.0lt,040 t?j 

3 6414 1.96±.039 I 
V1 



BACKGROUND DATA 
11-3 DPH/Gr-am :I: u "tl-3 I • S • added" 

Position ... , Us/2 min t1 CPM :1: a I, S. CPH t a 
and u (sample 

l.S.Eff OPM ta Sample wt. H sample DPH/gr-am 
Depth 0. + I.S.) 

:I: a (sample) (grams) wt. (grms) t a 
E t a " "' 

,, - 3 I 61t76 3290±2].ltl 3275:1:23.1t5 26.lttl.55 -6,93t.lt6 l.71t.031t 2.03:1:.071 -3.ltl:t.256 
2 6631 2.23±.0lt5 
3 6630 2. llt±.Olt3 

4 - 6 I 6515 3232:1:23.21 )213t2).25 25.9tl.52 9.80:1:.629 2.24t.Olt5 2. 16:1:.075 4.54±.Jll 
2 6382 2.3Jt.Olt7 
3 6491, l.91t.038 

4 - B I Glt58 315lt22.92 3227:1:22. 96 25. 2.t I. 48 29.82.tl. 78 2.15t.Olt3 2.14t.071t .8J2t.057 
2 6267 2.18t.Oltlt 
3 6182 2. IOt.042 

5 - 3 I 6213 JI08t22.76 3086:1:22.80 24.9tl.46 20.008±1.21 2.31t.ol16 2.11:1:.073 .573:1:.040 
2 6051 1.81±.0)6 
3 6385 2.20:1:.044 

5 - 6 I 6061 2939±22, IJ 2923:1:22.17 2).611.39 -3.lt2:1:.31 I. 71±.0Jlt 1.95:1:.068 -1. 75±. I 70 
2 5835 2.08:1:.0112 
3 5735 2.07:1:.0ltl 

S - 8 I 61119 3085:1:22.67 3071:1:22.71 21t.8tt.46 -11.31±.6% 2.12:1:.Q/i2 2.J]t.083 .294:1:.208 
2 6006 2.97:1:.039 
3 6083 2.03:1:,0ltl 

8kg I 36 16.67:1:1.39 
2 39 
3 31 
1, 1t3 
5 28 
6 23 

t>:l 
I 

0\ 



BACKGROUND DATA 

c-111 DPH/Gram t o "C-14 I .S. added" 

Position "" Cts/2 min H CPH ta I. S. CPH t a LS.Eff DPH :ta Sample wt. H sample DPH/gram 
and 4i (sample t a (sample) (grams) wt. (grms) :t. a 

Depth 0. -+ I.S.) E t a IQ 

"' 
I - 3 I 11643 5850±31 .22 5837. 6313 I. 21, 58.4±3.42 3.409±.212 1.98:t.040 2.07±.072 1.6471. 117 

2 11809 l.91:t.038 
3 11645 2. 311.046 

I - 6 I 11919 5978131.56 5967131.58 59.7±3.49 -.3801.063 2.42t.048 2.10±.075 -.1]4:t.029 
2 11878 l.9lt.038 
3 12070 2.20:t.044 

I - B I 11794 5915±31.39 59051)1.41 ,59113.,,6 -.6381.042 2.21±.044 2.131.073 -.300±.0411 
2 11762 2.021.olio 
3 11933 2.171.01t3 

2 - 3 I 12202 6095131.87 6085±31.89 60.813.56 --350±.038 2.48t.050 2.251.079 -.1561.018 
2 12228 2.14t.0ltJ 
3 12139 2. IJt.043 

2 - 6 I 12300 6188±32.12 6179±32. JI, 61 .8±3.62 -I .30t.21tl 2.121.01t2 2.05±.0]I -.673±.121 
2 12321 1.92±.038 
3 12510 2.12t.Olt2 

2 - B I 11976 596lt31 .52 5952131.54 59,513.48 -1.lt)31. I00 2.191.044 2.151.075 -.6671.052 
2 11924 2.07±.041 
3 11867 2.18t.Olt4 

3 - 3 I 122li7 6036±31.71 6026±31. 73 60.313.53 -.98/it.081 2.041.0lil 1.87±.065 -.526±.047 
2 12045 l.831.037 
3 I 1·921 I. 7li1.035 

3 - 6 I 12161 6022±31.67 _6012±31. 70 60.1±3.52 - . 449±. 0611 2.25±.045 2.27±.076 -.2031.030 
2 I 1813 2.06:t.0lil 
3 12158 2.3Jt.Olt6 

tr:I 
3 - B I 11566 5930±3 I . IJl1 5919±31.4/i 59.213.47 .613±.073 2.20±.044 2.06±.071 .298±.036 I 

2 11978 2.01:t.Olt0 
-.J 

3 12034 1.961.039 



Position "" Cts/2 min t1 CPM t <1 
and ei (sample 

Depth Q. + I.S.) E 
Ill 

"' 
4 - 3 I 11583 6007±31.64 

2 12072 
3 12386 

4 - 6 I 12301 6036±31.72 
2 1191io 
) 11973 

/1 - B 12063 5921±31 ·'•I 
2 11963 
3 11501 

5 - 3 I 11508 5852±31.23 
2 11936 
3 11669 

5 - 6 I 11808 5552:1:30.42 
2 1135/i 
3 10151 

S - 8 I 11885 6063131. 79 
2 12476 
3 12019 

8kg 21 
2 18 
3 19 
4 21 

BACKGROUND DATA 

C-14 DPM/Gram t q 11C~l4 I • S, added" 

I, S, CPH t a I ,S, Eff DPH ta Sample wt, 
t a (sample) (grams) 

5996±31 .66 60.013.51 .6301.072 l.71t.031t 
2.2Jt.045 
2.141.043 

6026±31.74 60.3±3.53 -.6421.0lt9 2.24±.045 
2.33±.047 
1.91±.038 

5910131 ·'•3 59.013.45 I ,8'11.126 2.151.043 
2. l81.0lt4 
2. IO:t.042 

58'13131 .23 58.'113.41 -1.511.105 2.31±.046 
1.81±.036 
2.20.1:.04/i 

55/i 3130. lt11 55.'113.24 -1.23±.095 I. 71±.034 
2.08:t.042 
2.07:1:.041 

6054131 .81 60. 513.51, -.5071.063 2.121.01,2 
2.97±.039 
2.031.041 

H sample 
wt. (grms) 
t a 

2.0Jt.071 

2.16±.075 

2. l'i:t,074 

2.llt.073 

1.95:1:.068 

2.37:1:.083 

DPH/gram 
t a 

.315±.037 

-.297t.031t 

,859:1:.066 

-.716±.056 

-.629±.053 

-.2141.028 

tz:I 
I 

CD 



E-9 

BACIC.GROUND 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 CP11 
and Bkg :I: cr Bkg :I: cr above Bkg above 8kg 

Depth :I: (j ± (j 

I - 3 4.01:1:.174 1.99:1:.133 I. 706±.293 
2 - 3 1.44±.171 -.377:1:.131 1.817:1:.387 
3 - 3 .487±.170 .593:1:.131 
4 - 3 -1.83:1:.175 . 383:1:. 131 
5 - 3 4.98:1:. 175 -.883:1:.130 

I - 6 .547±.170 -.227:!:.131 -.270:1:.292 
2 - 6 1.237±. 170 .213±.131 .742:!:.376 
3 - 6 -I. 42±. 168 -.270:1:.131 
4 - 6 2.54:!:. 172 -.387±.131 
5 - 6 -.807±.160 -.68 :I:. 130 

I - B 6. 19±. 177 . 280:i:. 131 . 452:!:. 2:?3 
2 - B -.013:!:. 167 .853:!:.130 3.n5.:.3B9 
3 - B 7,79±.179 . 363±, I 31 
4 - B 7,51±. 178 1.087:!:.132 
5 - B -2.8 :1:.167 -,307:!:.131 



E-10 

BACKGROUND DATA 
DEPENDENCE OF DPM/GRAM ON POSITION A~D DEPTH 

Position ~ + 

I 
Position ~ + Position OPM and gram - 0 

and gram - 0 and gram ± cr 
Depth Depth Depth 

1 - 1.34:1:.519 
i I - 6 .945:1:.123 

i I 
11.46:1:. 794 3 1 I - B 

2 - 3 2.44:1:. 198 . ! 2 - 6 2. 25±. 192 2 - B - .025:1:.112 

3 - 3 I.Olt.070 
! ! 

3 - 6 -2.37:1:. 185 3 - B 14.73:!:l.02 I; 
! : 

4 - 3 -3.41:1:.256 
I. 

4 - 6 4.54±.331 4 - B .832:1:.057 

5 - 3 .573:1:.040 i I 5 - 6 -1. 75:1:. 170 5 - B .294±.208 



7 
i 

APPENDIX F 

Burial Plot Data 



BURIAL PLOT DAT/\ 
ll-J ,md C-f11 H CPH above 0kg. t (7 

---·------~ ----·--·- -----
Position Sample II H-3 cts 11-3 i-i H-3 H C- 1'1 cts C-11, M C-lli H 

and too min cpm :f: CT cpm-bkg .100 min cpm :t c, cpm-bkg 
Depth :f: C, :t C, 

I - 3 I 8250 106.61±.60 91.81tL62 1135 11.112±.20 .22±.24 
2 7653 10'48 
3 16079 121,3 

I - 6 I 131198 lli0.47:t.68 125.90:t.70 1003 9.82±.18 -1. 38±. 23 
2 J/1571. 927 
3 llil22 1016 

I - 8 I 11660 126.66±.65 111.89:t,67 1272 12.27:1:.20 1.07±. Iii 
2 13289 1167 
J 130'48 121,1 

2 - 3 1 li11I0 113.90±.38 29. IJ:t.ltl 985 10.31t1. 19 -.86:t.24 
2 391t7 1057 
3 11812 1061 

2 ~ 6 I 37790 393.1611.31 378.23:tl.32 IISli 11.57:t.20 .37:t.211 
2 39938 1129 
3 '40220 1188 

2 - 7 I 3610) 369.26±1.11 351t.1t9±1.1z 1500 !11.67:t.22 J.li71.2f 
2 J83JJ 11t35 
3 36Jli2 lli65 

3 - 3 I 7.217 22.661.27 7.89:t.JI 1139 10.96±.19 -.2,,t..21t 
2 2291, 1029 
3 27.87 1122 

3 - 6 I 9180 88.33:t.5~ 7J.56:t.56 101'1 I0.17J:. 18 -I .0Jt.2J 
2 8801 1021 
) 8517 1017 

t%j 
I 

N 



Position Sample I ll-J cts 11-3 ii H-3 H c-11, cts C-lli M C-lli it 
and 100 min cpn1 :t o cpm-bkg 100 min cpm :to cpm-bkg 

Depth :t 0 :t 0 

1, • 3 I '1169 li0.23:t,37 25,116:t.liO 923 9.li3t.. l8 -1.77:t.23 
2 3990 953 
3 3909 952 

1, - 6 I 613'1 69.71t.li8 5ft.9l1:t.5l 1283 12.93t.21 I. 73t.25 
2 6896 1309 
3 7883 1286 .. 

" - 8 I 9911 100. 21±. 58 85.liltt.60 1057 10. 71:t.19 -.li9t.2li 
2 100'!9 1107. 
3 10103 1059 

5 - 3 I 55311 55- 27:t. 11J 37-50:l.lt6 1050 I0.79t.19 -.1iu.21, 
2 5720 1099 
3 5326 1082 

S - 7 I 20852 200.li7t.82 185. 70t.81t 1203 I 1.51t:t.20 . 31tt.21t 
2 20671 1098 
3 .)8618 1162 

6 - 3 I 21i 1,o 25.151.29 10.38:t.)3 1035 IO.lt3t.19 -.77t.21t 
2 2531 1008 
3 2573 1086 

6 - 7 I 5'178 58.36±.ltli li3.591.1t7 1035 10.IH.18 -1. 08t. 23 
2 6137 979 
3 5693 1022 

7 - 3 31115 33.91±.3/i 19,lltt.38 111,5 11.231.19 .03t.2l1 
2 3'117 1131 
3 33'11 1093 

7 - 6 I 5928 57. 89t. "'' '13.121:.1,7 1962 I0.12t. 18 -1.081.23 
2 5969 1022 
3 5'171 1053 

7 - 9 I 7139 68.62:t.liB 53.851.51 1072 10.7]:t.19 -.liJ:t.2" ',;I 
I 

2 7318 1085 w 
3 6130 1011, 



Posl tlon Sample I H-l cts H-3 H H-3 H C-lli cts C-lli ii C-lli H 
and 100 min cpm ta cprn-bkg 100 min cpm ta cpm-bkg 

Depth t a :I: a 

8 - l I 5Jltli lt9.31:t.ltl Jli.511:t.ltli 1051 I0.53t.19 -.67t.21t 
2 5567 1005 
3 1to83 1102 

8 - 6 I 1312ft 123.351.64 108.58±.66 909 9.17:t.17 -2.03:t.22 
2 12153 996 
3 11727 81i6 '• 

8 - 8 I lt7953 385.21±1.13 370.ltlitl. 14 Jlt2) l6.58:t:21i 5.38:t.28 
2 3971t7 1927 
3 27861t 1623 

9 - ) I 3883 36. ]2:1:. 35 21.95:1:.38 1005 9.92@.18 -1.28:1:.23 
2 3389 977 
) 371i6 995 

9 - 6 I 5105 lt7,liU.liO 32.61t:1:.1t3 llllt 11.29±.19 .09±.21t 
·2 ltlt97 1139 
3 ·.li621 1135 

10 - 3 I lt223 38.83:t.36 21t.06±.39 IOlt9 IO.ltltt.19 -.76t.21t 
2 371tlt 983 
) )582 1101 

10 - 6 I 71t23 79,16:1:.51 61t.39:t.53 1002 10.04:t.18 -1.16:1:.23 
2 8792 95~ 
3 7533 1057 

8kg 11,07 "'· 77:1:. 16 1128 11.20±. lit 
2 1535 1108 
3 1499 1105 ,. lli87 1109 .. 
5 lli62 1176 
6 11170 1092 

l"lj 

Pack. H-3 Std: 376052 cpm I 
ii=>· 

Pack. C-lli Std: 62337 cpm 



BURII\L PLOT OATA 
H-J OPM/Gram In "H-J I. s. added" 

Posl tlon "" Cts/2 min H CPtl :t I] I .S .CPH I a I .S.Eff DPM to Sample wt. H sample DrM/gram and ti 
(s;imple (sample) (grams) wt. (grn,s) - I (l I 0 Depth 0. 

E + I. S.) I (J .. .,, 

I - J I 6)01 3201±2).09 J09li.57:t23.12 25.0:f: ]68½21. 78 1.li8:t0.JO I. 7l11.061 21 I. li9.tl Ii. 55 2 6)7] I. Ii] 1. 99±. Olio 3 65Jli I. 71i:t:.035 
I - 6 I 62Jli 31JO:t22.81i 2989.Jli122.88 21i. l:f: 522±30.89 2.J9:t.Olt8 2.55:t.088 20'4.71±1'1.02 2 6391 l. li2 2.69t.051i 3 6156 

2.56:t:.051 
I - 8 I 3778 1892±17.76 1765.J6tl].81 lli.2:t 786:tli6.73 2.521.050 2.85:t.099 275. 79:tJ8. 99 2 3857 .81i 2.99±.060 3 3718 J.05:t.061 
2 - 3 I 6068 3096:t22. 72 3052. 61 :t22. 75 21i.6t l18:t7. 15 2.58:t.052 2.351:.082 50.21tJ.51 2 6JOI 1.li5 2.0Jt.Olil J 6211 2.1111:t.0/19 
2 - 6 I 6836 3lio9:1:23. 91, 3016123.87 Zli.Jt l55lit91.58 1.961.039 2.oli:1:.071 76 I. 76±52. "' 2 6810 I. 113 1.971:.039 3 6808 2.18:t:.Olili 
2 - 7 I lili80 2169:1:19.01 l800:t19.08 14.5± 21138:1:1 ,,,,. 80 2.35t.01i1 2.39±.083 1020.08±70. 182 2 li478 .86 2.29±.0'46 3 lio56 2.52:t.050 
3 - 3 I 6500 3227:1:23.2 3205±23.23 25.8±1. 52 J0.52:t2.16 2.21i:1:.01i5 2.32:t.081 13.16±1.0]7 2 6367 I. 52 2.52:1:.050 3 6500 2.20:t.Olili 
3 - 6 6156 3085±22.68 2997'-22-71 24.2t 301it17.99 l.761.035 1.80±.062 I 68. 891 I I . 59 2 6059 I .112 l .8li1.037 

3 6299 1.81:1:.036 
,. - J I 6292 Jl80:t23.02 31'i0:1:23.05 25.J:tl.li9 IOO:t6. 10 I. 931. 039 1.991.069 50.25±3.53 2 6/illi , .,,9 1.991.0lio 

3 6378 2. 06:t. Oli I 
l"J:j 
I 

U1 



Position "" Cts/2 min H CPH t o I. S.CPH :I: u 
and .! (sample+ 

Depth Q. l.S.) E 
Ill .,, 

4 - 6 I 5953 2985:1:22.30 2915:1:22.33 
2 5919 
3 6038 

4 - 8 1 5842 28511:1:21. 81 27511t21.85 
2 5771 
3 5516 

5 - 3 1 6081 3058:1:22.57 3005±22.60 
2 6129 
3 6136 

5 - 7 I 6483 )247±23,27 30'!7±23.31 
2 6537 
3 6467 

6 - 3 I 6367 3124:1:22.82 3099:1:22.86 
2 6197 
3 6183 

6 - 1 I 621,9 3096:1:22.71 3037122. 71, 
2 6179 
3 6151 

7 - 3 ' 6255 3189±23.05 3154123.08 
2 63'11 
3 6538 

7 - 6 1 6015 29611±22. 23 2906122.26 
2 5885 
3 5885 

I .S.Eff DPM l 
:t }} (sample) 

z3.5:1: 234:1:13,91 
1. 35 

22.U 385t22.88 
I. 3 I 

24.2:t 15519.29 
1.42 

24.6± 756t44.69 
1. 45 

25.0:1: 1, I. 53:1:2. 78 
1.47 

24.St 178110.64 
1.411 

25.4:t 75±4.64 
l.'19 

2J.41 1a1,:1:11.01t 
1.38 

Sample wt. 
(grams) · 

1.38:1:.028 
1.50:1:.030 
l.53:t.031 

2.21:1:.01,1, 
2.21:1:.01,5 
2.41:1:. Olt8 

1.95:t.039 
2.0]:t.Olil 
l.80t.OJ6 

2.37:t.Olt] 
2.6/tt.053 
2.47±.049 

I. 44±.029 
I .58±.032 
I.411.028 

2.131.043 
2.421.048 
2,391.048 

2.091.01,2 
2.01±.Mo 
2.12t.042 

I. 711±.035 
2.li2:t.Olt8 
2.1,5:1:.049 

--•-· ------- -·--

ii Sl!mple OPM/<Jr~m; 
wt. (grins) t (J 

1.47:1:.051 159.18:!:I0.96 

2.30:1:.oRo 167.39ttl.l2 

1.94:t.067 79-90±5-53 

2.1,9:1:.086 303.61120.82 

I. 118±. 05' 28.06±2.ll 

2. 31t.050 ]7.0615.33 

2.07:1:.072 36.23:1:2.57 

2.20:1:.077 83.6'11-5.81 

>tj 
I 

(j\ 



Posl t Ion "" Cts/2 min H CPM :I: CJ I. S. CPH :I: CJ 
and .! (sample , 

Depth 0. 
+ I.S.) e 

111 .,, 

7 - 9 3718 1785:1:17.25 1717±17.29 
2 31,1,9 
3 3548 

8 - 3 I 6193 3088122.69 3039122.72 
2 5908 
3 61132 

8 - 6 4866 2741:1:21. 38 2618:!:21.42 
2 6094 
3 51191 

8 - 8 I 8701 421'1:1:26. 51, 38.29:1:26.59 
2 81i25 
3 8163 

9 - 3 I 5931 2988:1:22.32 2951:1:22.35 
2 61 Iii 
3 5883 

9 - 6 I 6057 3110:1:22. 77 3062:1:22.80 
2 6362 
3 621il 

10 - 3 I 6355 3087:1:32.69 304832.71 
2 6190 
3 5981 

10 - 6 I 6411 3209:1:23.13 3130123.16 
2 6307 
3 6538 

I .S.Eff DPH t 
:t 0 (sample) 

13.8:!: 389:1:23. 1,1 
.82 

24.5:t: 14118.48 
1. 44 

21. It 511i:1:30.37 
1.21, 

30.9:1: 127:1:70,39 
I. 81 

23.8:1: 92:1:5.6'1 
1.1,0 

21i.7t 132:1:7.94 
1. 45 

211.6:!: 98:1:6.03 
1. 46 

25.:U: 255:1:15.12 
I. 48 

Sample wt. 
(grams) 

2.5u.050 
2.601.052 
2. ,,8:1:. 090 

2. 51,1.051 
l.70t.034 
1.92:1:.038 

1.20:1:.024 
2. 01:t.0li0 
1 .62±.032 

2.09:1:.oi.2 
2.85:1:.057 
2.92!.058 

2.60:1:.052 
I. 89:1:.038 
1.51:1:.030 

1.96:1:.039 
2.33:1:.01,7 
2 •. 08:1:.01i2 

2.07±.0lil 
I .96:!:.039 
1.711±.035 

2.6H.052 
2.50:1:.030 
2.46:!:.°'99 

H sample 
wt. ( grms> 

2.531.088 

2.05:1:.072 

I .61:1:.057 

2 .62:1:.092 

2.00:1:.071 

2.12±.074 

I. 92:1: .067 

2.57:1:.087 

DPH/gram 
:!: 0 

153-75@10.68 

68.78:1:4.79 

319.25:1:21.98 

458.02:!:31 .29 

116±3.26 

62. 26±11. 33 

51.01,:1:3.61 

101.19:1:6.95 

l'<j 
I 

-..J 



Position 
.,., 

Cts/2 min 
and .! 

Depth 0. 
E 
'V .,, 

8KG I 32 
2 32 
3 26 

" 22 
5 116 
6 21 

H-J Pack Std 378095 CPM 

ii CPM t a I.S.CPH ta I .S.Eff 
(sample t a 
+ I.S.) 

Jli.92:1:1.11 

DPH t Sample wt. 
(sample) (grams) 

H sample 
wt. (grmsl 

DPH/gram"i 
:!: fJ 

t-<j 
I 

CD 



F-9 -
BURIAL PLOT DATA 

C-14 DPM ::!: o "C-14 I .S. added" 

Position .... Cts/2 min M CPM = " I.S.CPM ± a I .S.Eff DPM ~ IS" 
and ~ ( sample) 

Depth a. (Sample :t 0 e 
Ill + I.S.) .,, 

I - 3 I 9294 4753±28. 15 4741±28.19 47.4±2.83 ·, .46:t. 50 
2 9738 
3 9490 

I - 6 1 9520 4760±28. 16 4749±28.20 47,5±2.84 
2 9545 
3 9500 

1 - 8 I 8030 3935±.25. 6 I 3921:28.65 39.2:1:2.35 2.73±.39 
2 783 I 
3 

2 - 3 I 9320 4747±28. 13 4734±28. 17 47,34:t2.83 0 - 0 
2 9677 
3 9465 

2 - 6 I 9256 4669±27,9 4656±27,94 46.6±2.79 ,795:1:.52 
2 9524 
3 9235 

2 - 7 I 8086 3857±25,36 3841±25,40 38.41:!:2,30 9,03:1:.87 
2 7860 
3 7199 

3 - 3 I 9815 4910±28.61 4897±28.65 48.97±2.87 ') - 0 
2 9821 
3 9825 

3 - 6 1 9706 48S4:28.53 4871±28. 57 48.8±2.86 0 - C 
2 10225 
3 9375 

4 - 3 I 10110 4935±28.68 4922±28.72 49.22:!:2.88 0 - 0 
2 9699 
3 9801 

4 - 6 I 9635 4731±28.08 4716:28. 12 47.22.76 3,67 
2 9265 
3 9486 

4 - 8 I 9614 4839±28.40 4826±28.44 48.26±1.83 
2 10222 
3 9200 

5 - 3 I 9194 4722±28.05 4709±28.09 '47.l:t2.76 
2 9608 
3 9532 



F-10 

Position .... Cts/2 min M CPM ± a I .S .CPH ± a I .S.Eff OPM ! 6' 

and II 
(sample ± CJ ( sample) 

De0th Q. + I.S.) e 
Ill .,.. 

5 - 7 1 9730 4769±28.19 4756±28,23 47 ._6±2 •. 79 .715 
2 9756 
3 9612 

6 - 3 I 9478 4674:t27.9 4662±27,94 4.62:1:2.73 
2 944li 
3 9127 

6 - 7 I 9945 4803:1:20.29 4790±28.33 47,9:1:2.81 
2 9277 
3 9598 

7 - 3 1 9203 li660:t27,86 4647:1:27.90 46.5±2.72 .065 
2 9213 
3 9544 

7 - 6 1 9155 4600±27.69 4587::27.73 45.9±3.69 
2 9353 
3 9094 

7 - 9 l 6624 3620±24.56 3608:!:24.60 36.1±2.12 
2 7508 
3 7591 

8 - 3 1 9218 4638±27.8 4625±27.84 46.3±2.71 
2 9411 
3 9i99 

8 - 6 I 8276 4164:t26,35 4152±26.39 41. 52:!:2. 43 
2 8682 
3 8030 

8 - 8 I 9651 4678:t27-92 4660±27,96 46.6±2.73 11. 54 
2 8939 
3 9480 

9 - 3 I 9565 4603:1:27.70 4590:1:27.74 45,9:1:2.69 
2 9487 
3 8566 

9 - 6 I 932li 4774:1:28.21 4761:t28.25 47.62.79 . 189 
2 97li0 
3 9583 

10 - 3 1 9245 4626:1:27,76 4661±27.80 46.1±2. 70 
2 9077 
3 9435 

j 



i 

Position 
and 

Depth 

10 • 6 

8KG 

__j 

... 
~ 
Q. 
e 
Ill 

"' 

Cts/2 min 

l 9606 
2 9795 
3 9732 

I 22 
2 25 
3 29 

F-11 

M CPM :ta I.S.CPH :ta I. S .Eff DPH ± ~ 
(sample t a (sample) 
+ I .S.) 

4855±28.45 4842±28.49 48.42±2.84 

12.67±1.45 



F-12 

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

Position 
and 

Depth 

I - 3 
2 - 3 
3 - 3 
4 - 3 
5 - 3 
6 - 3 
7 - 3 
8 - 3 
9 - 3 
10---3 
I - 6 
2 - 6 
3 - 6 
4 - 6 
5 --7 
6 - 7 
7 - 6 
8 - 6 
9 - 6 
10-- 6. 
1 - 8 
2 - 7 
4 - 8 
7 - 9 
8 - 8 

H•3 CPM above 
BKG :!: cr 

91.84:!:.62 
29.13:1:.91 
7.89±.31 

25.46±.40 
37-50±.46 
10.38:t.33 
19. 14:t.JS 
35.54±.44 
21. 95:t. 38 
24.06:1:.39 

125.70±.70 
378.23:1:1.22 
73-56±.56 
54.94:.51 

,as. 7o:t.S4 
43.59±.47 
43.12±.47 

108.58:1:.66 
32.64±.43 
64.39±.53 

111. 89:1:. 67 
354. 49:tl. 12 
85.44±.60 
53.85:1:.51 

370. 44±1. 14 

C-14 CPM above H-3 M CPM above C-14 M CPM above 
BKG ± cr BKG :!: a BKG ± C1 

0.22:t.24 
-0.86±.24 
-0.24±.24 
-1. 77±.23 
-0.41@.24 
-o. 77±.24 
0.03:1:.24 

-0.67:1:.24 
-1.28:1:.23 
-0.76:t.24 
-1.38:1:.23 
0.37±.24 

-1.03±.23 
I. 73±.25 
0.34±.24 

-1. 08±. 23 
-1.08:1:.23 
-2.03±.22 
0.09:1:.24 

-1.16.:.23 
1.07:1:.14 
3.47±.26 

-0.49±.24 
-0.43±.24 
5.38±.28 

31 .29±1.33 

111.06±2. 14 

195.22±1.90 



F-13 

BURIAL PLOT DATA 
DEPENDENCE OF DPM/GRAfl ON POSITION AND DEPTH 

Position DPM 'l Position DPM Position DPM 
and grain :I: 0 ~ I 

and :I: CJ : i and - :I: (J 
gram gram 

Depth Depth ; I Depth 
Ii 

- 3 211.49±11.45 - 6 204.71±14.02 I 1 - 8 275.79±18.99 :I 
2 - 3 50.21:1: 3, 51 2 - 6 761.76±52.14 , . 2 ~ 7 1020.08±70.182 ; I 
3 - 3 13.16:t:1.037 3 o 6 168.89±11.59 j i 4 - 8 167.39:1:11.12 I 

4 - 3 50.35:1:3.53 4 - 6 159.18:t:10.96 7 - 9 153,75±10.68 

5 - 3 79,90:t:5,53 5 - 7 303.61:t:20.82 8 - 8 458.01:t:31 .29 

6 - 3 28.06±2. 11 6 - 7 77,06@5,33 i1 415.01 

7 - 3 36.23:1:2.57 7 - 6 83.64±5.81 
I 

8 - 3 68.78±4.79 8 - 6 319.25:1:21.98 I l 
, I 

9 - 3 46.00:t:J.26 9 - 6 62.26:t4.33 1' 
'! ! I 

10-· 3'· 51.04:t:3.61 10 •6 101.19:1:6.95 !I 
I I 
I! 

M 63,51 M 224. 16 : I 
I 

d 



A.PPENDIX G 

Lower Level Plot Data 

d 



LOWER LEVEL PLOT DATA 
H-3 and C-14 H CPH ABOVE BKG to 

Posl tlon Sample# 11-3 cts H-3 H 11-3 ii c-JI, cts c-11, i1 C-14 H 
and 100 min CPH t <J CPH-Dl<G 100 min CPH ta CPH-BKG 

Depth :ta t a 

I - J I 1668 16. 18±.23 l.61±.28 1152 11.44:t.20 .14:t.24 
2 1576 1179 
3 1609 I IOI 

I - 6 6367 57. 70:t.44 43. )Jt.47 1107 ll.28t.19 -.02:t.24 
2 5573 1133 
3 5369 111,3 

2 - J I 1342 14.0S:t.22 -.52 1065 10.82:t.19 -.48t.2'+ 
2 14211 1059 
3 1450 1123 

2 - 6 I 7522 77.15:t.51 62.S8t.53 1163 11.54:t.20 .24.t.24 
2 7492 1121 
3 81)0 1171 

3 - 3 1928 20.0lt.26 5.44:t.31 1093 11.03±.19 -.2]t.24 
2 1942 1117 
3 2134 1100 

3 - 6 1 6636 66.23:t.47 51.66t.50 1145 1 I .66t.20 .36t.24 
2 6634 1180 
3 6599 1172 

It - 3 1 2088 21.27±.27 6.70t.JI 1135 I 1.37:t.19 .O]t.24 
2 2169 111,9 
3 2124 1127 

4 - 6 I 4045 38.79±.36 24.22:t.~9 1317 13.57:t.21 2.27:t.25 
2 3800 1416 
3 3792 1317 

Ci) 
I 

N 



LOWER LEVEL PLOT DATA 
H-3 and C-lli M CPM ABOVE 8KG :I: a 

Pos i tlon Sample II H-3 cts H-3 M H-3 H C-lli cts C-lli M C-lli M 
and 100 niT; CPl1 ± a CPM-BKG 100 '"in CPM ± a CPM-BKG 

Depth :I: <J ± a 

5 - 3 l 1790 l6.'i'i:1:.25 3.87:1:.30 1252 12.00:1:.20 • 7:1:.24 
2 1870 1193 
3 1873 1154 

5 - 6 I 6251. 58.57:1:.44 4'i.oo:1:.li7 1335 11.62:1:.20 .32:1:.24 
2 5457 1074 
3 5863 1095 

6 - 3 1 16112 15.981.23 1.41:1:.28 1096 11.32:1:.19 .02:1:.24 
2 15)8 1208 
3 1613 1093 

6 - 6 I 1759 18.78±.25 4.21:1:.30 1119 11.22:1:.19 -.08:1:.24 
2 1960 1119 .. 1915 1127 .) 

7 - 3 I 1455 15.09:1:.22 .52:1:.27 1177 11.071:.19 -.23:1:.24 
2 1562 1001 
3 1509 1142 

7 - 6 I 1567 15.55:1:.23 .98:1:.28 1102 11.071:.19 -.25:1:.24 
2 1583 1133 
) 1515 1087 

8 - 3 I 1932 l7.931:.21i 3.)6:1:.29 1079 11.34±.19 .Oltt.24 
2 1731 1128 
) 1716 1196 

8 - 6 I 21iso 2).85t.28 9.28:1:.28 ll lt7 I l.80t.20 .50±.24 
2 2305 1207 
3 21tOO I 187 

9 - 3 21t88 25.97:1:.2.9 11.ltO.t.33 1335 11.68:1:.20 .)8:t.24 
2 2620 1074 (i) 

3 2681t 1095 I 
w 



LOWER LEVEL PLOT DATA 
H-J ;md C-14 ~ CPM ABOVE BKG ± <J 

Position Sample H H-3 cts H-J M 11-3 ii C-14 cts C-14 M C-14 M 
and 100 min CPH ta CPM-BKG l00 min CPM ± a CPM-BKG 

Depth ± (] ± a 

9 - 6 I 1694 16.50±.23 I. 93±. 28 1072 10.63±.19 -.67±.24 
2 1674 lolil 
3 1581 1077 

10 - J 1 1243 13.21±.21 -1. 36 905 10.09±. 18 -1. 21 ±. 23 
2 1309 1065 
3 11,10 1058 

10 - 6 I 3766 35.00t.J4 20.4J±.J8 1091 11.47±.20 .17t.21t 
2 3629 1189 
3 3104 1160 

8KG I 1521, 14.57±. 16 1093 II. 30:1:.1 It 
2 1488 1125 
3 1414 1136 
It 1492 1177 
5 1409 1096 
6 11,56 1152 



LQWER LEVEL PLOT DATA 
H-3 DPH/Gram t "H-3 I. s. added" 

"" H CPH t 0 Posl tlon Cl) Cts/2 min I .S.CPH to · I .S. Eff DPH t o Sample wt. · ii sample DPH/gram 
and 0. (sample t 0 (sample) (grams) wt.(grms) t O e 

Depth 111 + I.S.) t 0 II) 

I - 3 I. 6569 3338:t2J.59 3316t2J.66 26. 7±1.57 6.02:tl. ll 2.J0:t.Olt6 2.1 t.073 2.87±.539 
2 6796 I .88t.0J8 
3 6661t 2.1 U.042 

I - 6 I 6227 3229±23.20 3166:t23.28 25.5±1.50 168.91:tJ0. I0 2.68t.051t 2.26±.079 ]It. 7ltt5. 18 
2 651t2 2.15t.Olt3 
3 6607 I .91tt.039 

2 - 3 I 6521t 3223:t2J. 18 3203±23.25 25.8:tl.52 2.25t,Olt5 2.07:t.072 
2 6190 2.llt.0lt2 
3 I .81tt.037 

2 - 6 I 6276 3181t±23.0lt 3102123.12 25.0±1 .It] 250.18:tllt.86 2.21:t.0ltlt 2.21:t.077 113.20±7-76 
2 6370 2.00t.Olt0 
3 6459 2.li3t.0lt9 

3 - 3 6358 3222123. 18 3196:t23.25 25.811.52 21.10±1.73 2. J8t.0ltlt 2.071.072 10.191.908 
2 61t91 1.931.039 
3 61t78 2. IU.0lt2 

3 - 6 I 6210 3120122.80 J01t8122.88 21t.61J .lt5 210112.55 2. I 1:t.0lt2 2.071.072 I0I .51:t].106 
2 6296 2.001.0lt0 
3 6215 2.091.01t2 

It - 3 I 6761 331 l:t23.lt9 3281t±23.56 26.511.56 25.29±1.89 2.61t±.05J 2.79±.097 9.06±.71t7 
2 6597 J.00:t.060 
3 6513 2.71t1.055 

It - 6 I 6563 3359123. 73 3315±23.80 26.111.57 90.5915.52 2.891.058 2. 71:t.091t J3.ltJ12.Jli 
2 6792 2.59±.052 
3 6802 2.66:t.053 

5 - 3 I 6661 J2J6t2J.lt0 3262123. 117 26. 311 .Sit I It. 71:t 1.ltJ 1.1ts1.029 I .671.058 8.81:t.909 
2 6506 I .]3:t.035 
3 6553 I .81t1.037 

G) 
I 
u, 



LOWER LEVEL PLQT DATA 
H-J DPM/Gram ± "H-J I. $. added" 

"" M CPM ± (J Eff Df>M :!: o Sample wt. M sample DPM/grnm Posit ion ., Cts/2 min I.S.CPM ± o I.S. 
and a. (sample ± (J (sample) (grams) wt.(grms) ± (J G 

llepth "' + I .S.) :!: (J V> 

5 - 6 I 6371 JIOO:t22.7J 3036±22.81 2.lt.5±1.45 179.67±10,81 2.19±.0ltlt 2.15±.07.lt 83.58±5.79 
2 6167 2.08±.0ll2 
3 6066 2. l]t.OltJ 

6 - 3 I 6774 3350±23.63 3328±23.70 26.8±1.57 5.25±1.09 2.lt2t.Olt8 2.01±.070 2.61±.549 
2 67]8 1.66±.033 
3 6591 1.95±.039 

6 - 6 I 5996 30Jlt22.lt8 3007±22.55 24.3±1.ltJ l7.J6tl .60 1.68±.034 1.76±.061 9.861.971 
2 6158 1.66±.0JJ 
3 6035 1.94±.039 

7 - 3 I 61t29 3201±2].0I Jl80t23.17 25.7±1.51 2.0J±l .06 2.18±.0ltlt 2.1t9±.087 .82±.429 
2 6120 2.95:1:.059 
3 6657 2.J5±.M7 

7 - 6 I 61162 3279±23.78 3258!2].45 26.J±I .Sit 3. 73±1.09 2.08t.Olt2 1.95±.068 1.91t. 562 
2 6710 1.83±.037 
3 6504 1.93±.039 

8 - J I 70lt3 3385±23. 79 3372±2).86 27.2±1.6 12. 36±1.29 2.1t9±.050 2.22±.077 5-57±.613 
2 66)1 2.05±.oltl 
3 6698 2.13±.0'IJ 

8 - 6 I 6691 3281±23.39 3252±23 .116 26.2:1:1 .sit 35.38±2.ltl I .99:t.O'IO 2.02:t.070 17.51±1.3) 
2 6448 1.97±.039 
3 6551 2. IO.:t.o42 

9 - 3 I 66119 3283±23.39 3252±23.46 26.2±1.54 1t3.1t7±2.85 2. 07:t. Olt I 2.37±.083 18. 34:tl. 36 
2 6478 2.50±.050 
3 6574 2.55±.051 

9 - 6 I 6514 3277±23.37 3255±23.411 26.3±1.54 7-35±1. IS 1.70±.034 1.58±.055 lt.65±.71t5 
2 6590 I. 73±.035 
3 6561 l.JOt.026 G) 

I 

°' 



,.., 
Position '11 Cts/2 min 

and 0. 
E 

Oeplh IU 
VI 

10 - 3 6333 
2 6lt35 
3 6lt23 

10 - 6 I 6560 
2 6505 
3 6466 

8kg 2.5 CPM 
17.S CPM 
19.0 CPM 

LOWER LEVEL PLOT DATA 
H-3 OPM/Grarn ± "H-~ I. S. added" 

M CPM ± a I .S .CPM ± a I .S. Eff OPM ± o 
(sample ± a (sample) 
+ I. S.) 

3l'J8±2J.09 3198±23.16 25.6:tl.50 

3255±23.29 3215±23.36 25.9:tl.52 78.80:tlt.85 

Pack H-3 Std= 380800 CPM 

Sample wt. M sample 
(grams) wt. (grms) 

± a 

2.2ltt.045 2.0]t.072 
1.86:t.037 
2. IO:t.Olt2 

2.4lt±.Olt9 2.26±.079 
2.4Jt.Olt9 
1.901.038 

DPM/g r;irn 
± a 

3lt.87t2.lt6 

(j) 
I 

-.J 



G-8 

LOWER LEVEL PLOT DATA 
C-14 DPM/Gram :I: o "C-14 I .S. added" 

Position Sample# Cts/2 min M CPM :I: 0 I .S. CPM :I: o I .S. Eff 
and (sample+ :I: 0 

Depth I . S.) 

1 - 3 1 10306 5261:1:29.61 5247:1:29.61 52.47:1:3.07 
2 10758 
3 10506 

I - 6 1 10568 5225:1:29.51 5111:1:29.51 51. 11±2 .99 
2 10474 
3 10308 

2 - 3 1 10368 5240±29.55 5226:1:29.55 52.26:1:3.06 
2 10548 
3 10529 

2 - 6 I 10706 5363:1:29.90 5349:1:29.90 53.49:1:3. 13 
2 10791 
3 10682 

3 - 3 1 10569 5133:1:29.25 5119:1:29.29 51.19:1:2.99 
2 10251 
3 9979 

3 - 6 1 10241 5175:1:29.37 5161±29.37 51.61±3.02 
2 10367 
3 101+1+7 

4 - 3 1 10216 5151::29. 32 5143±29,32 51 .43:1:3.01 
2 10431 
3 10299 

4 - 6 1 10222 501+3±28.99 5029±25,99 50.29:1:2.95 
2 10146 
3 9890 

5 - 3 1 10196 5087:i:29, 12 5073:1:29. 12 50.73:1:2.97 
2 10130 
3 10197 

5 - 6 1 9843 4911:1:28.61 4897±28.61 48.97:2.87 
2 9774 
3 9854 

6 - 3 1 10145 5129:1:29,24 5115±29.24 51. 15:!:J.OO 
2 10298 
3 10334 



G-9 

LOWER LEVEL PLOT DATA 
C-14 DPH/Gram ± a "C-14 I .S. added" 

Position Sample# Cts/2 min H CPM ± a I.S. CPM ± o I .S. Eff 
and (sample+ ± (J 

Depth I. S.) 

6 - 6 1 10551 5087±29.12 5073±29.12 so. 77±2.97 
2 9843 
3 10132 

7 - 3 I 10272 5101±29. 16 5087±29.16 50.87±2.98 
2 10413 
3 9922 

7 - 6 1 10196 5170±29-36 5156±29.36 51,56±3.02 
2 10214 
3 10612 

8 - 3 1 9964 5058±29,04 5044±29.04 50.44±2.95 
2 10060 
3 10327 

8 - 6 I 10416 5148±29.29 5134±29.29 51.34±3.01 
2 10101 
3 10375 

9 - 3 1 10290 5096±29.14 5082:1:29. 14 50.82±2.98 
2 10086 
3 10201 

9 - 6 1 9975 4767±28.19 4753±29. 19 47,53±2.79 
2 9710 
3 8920 

10 - 3 1 10147 5092±35.68 5078±35.68 50.78±2.48 
2 8718 
3 10222 

10 - 6 I 10195 5015±28,91 5001±28.91 50.01±2.93 
2 10060 
3 9837 

8KG 1 32 13.67±1.51 
2 23 
3 27 



G-10 

-
LOWER LEVEL PLOT DATA 

DEPENDENCE OF CPH ABOVE BACKGROUND ON SAMPLING POSITION AND DEPTH 

I 

Position H-3 CPM above C-14 CPM above H-l H CPH above ::-Jl, M CPH abo ,, 
and 9KG ta BKG :I: a 8KG :!: a 8KG t a 

Depth 

1 - 3 1.61 :!: .28 .14 3.24 :!: .91 
2 - 3 - .52 -.48 
3 - 3 5.44 t .so -.27 
4 - 3 6.70 ± .31 .07 
5 - 3 3.87 ± .JO .70 
6 - 3 J. 41 t .28 .02 
7 - 3 .52 ± .27 -.23 
8 - 3 3.36 ± .29 .04 
9 - 3 11.40 ± .28 .38 

10 - 3 -1.36 ± -1.21 

1 - 6 43.13 t .47 -.02 26.24 :!: 1.27 
2. - 6 62..58 t .53 .24 
3 - 6 51.66 ± .so .36 
4 - 6 24.22 ± .39 2..21 
5 - 6 44.00 ± .47 .32 
6 - 6 4.21 :!: .30 -.08 
7 - 6 .98 ± .28 -.23 
a - 6 9.28 ± .32 .so 
9 - 6 1.93 t .28 -.67 

I 10 - 6 20.43 :!: .38 .17 

-
--' 



G-11 

LOWER LEVEL PLOT DATA 

DEPENDENCE OF DPM/GRAM ON POSITION AND DEPTH 

I 
I 
Position and Depth DPM/gram :t: a Position and Depth D?M/gram :I: o 

l - 3 2.87 :t: ,539 I - 6 74.74 ± 5.18 

2 - 3 2 - 6 113.20 ± 7.76 

3 - 3 10.19 :I: .908 3 - 6 101.51 ±7.11 

4 - 3 9.06 :t: ,747 4 - 6 33,43 :1: 2.34 

5 - 3 8.81 ± .909 5 - 6 83.58 ± 5.79 

6 - 3 2.61 ± .549 6 - 6 9.86 ± ,971 

7 - 3 .82 ± .429 7 - 6 1.91 :t: ,562 

8 - 3 5, 57 :t: .613 8 - 6 17 .51 :t: 1.34 

9 - 3 18.34 ± 1. 363 9 - 6 4.75 :1: .745 

10 - 3 10 - 6 34.87 :!: 2.46 

'R' • 5.83 M• 47.53 



APPENDIX H 

Creek Bottom Plot Data 



CREEK BOTTOM DATA 
H-3 and C-14 H CPH above 9kg t 0 

l'osltlc,n Sample I H-3 cts H-3 H H-3 H C-lli cts C-14 H C-14 H 
and 100 min cpm :ta cpm-bkg 100 min cpm to cpm-bkg 

Depth 1 0 t 0 

I 1373 13.41t.21 -.021.30 1212 12.131.20 .3)t.28 
2 1354 1214 
3 1295 1213 

2 I 1277 12.401.20 -1.031.29 1226 11.63:t.20 -.171.28 
2 1262 1106 
3 1181 1156 

3 I 1303 12.611.21 -.82t.JO 1267 11.951.20 . 151.28 
2 12lli 1193 
3 1265 1126 

4 I 1412 l3.82t. 21 .37±.30 1304 12.551.20 .751.28 
2 1429 1294 
3 1306 1216 

5 I 1419 13.66±.21 .2}:t.30 1301 12.46:t.20 .66±.28 
2 1312 1217 
3 1367 1219 

I 1221 12.67±.21 -.76±.30 1132 11.70±.20 -.101.28 
2 1317 1216 
3 1264 1162 

9kg I 1391 IJ.liJt.21 1176 11.80±.20 
2 1253 1211 
3 1385 1154 



CREEK BOTTOM DATA 
C-14 DPH/Gram to "C-14 I .S. added" 

Post tlon Sample# Cts/2 min fl CPH .t o I .S. CPH t a I .S. Eff Sample Sample H sample 
(sample + t 0 OPH to weight weight 

I.S) (grams) (grams :I: o) 

I 10217 5101.t29. l6 5089±29.27 50.89±2.98 .61'9 2.41 
2 1019ft 
3 10196 

2 I 10028 1,961:1:28. 76 491t9t28.88 1t9.5±2.9 -.J4J 2.13 
2 961.iJ 
3 IOO~H 

3 I 9935 50001:28.86 li987t28.97 49,912.92 .JOI 2.08 
2 10061.i 
3 10002 

I IQ228 5118129.20 5105±29.JI 51. 1±2.99 1.lt69 2.26 
2 10225 
3 10258 

5 I 10110 5006t28.88 1t993±28.99 49.912.93 I. 322 2.15 
2 9869 
3 10057 

6 I 10076 4974±28.79 4762128.'JO 49,6±2.91 -.202 2.09 
2 9527 
3 1021.i5 

8kg I 2ft 12.33±2.56 Pack "C-14 Std: 6276lt CPH 
2 JO 
3 20 



CREEK BOTTOM DATA 

H-J D~H/Gram :I: o "H-3 I . S . added" 

Posit Ion Sample !I Cts/2 min ii CPH t o I .S. CPH :I: o I.S. Eff Sample Sample ii sample 
(sample + :I: 0 DPH to weight weight 

1.S) (grams) (grams :I: o) 

I 5852 2965t22. 23 2951±22.28 23.8:1:1.lto -.081t 2.ltl 2. ltl 
2 6008 2.35 
3 5932 2.lt7 

2 I 6167 3027t22.lt6 3015±22.51 21t.3:1:1.1t3 -lt.236 2.17 2. 13 
2 5817 2.25 
3 6183 1.96 

3 I 577'1 2952±22. 18 2939±22.23 23.7:1:1.39 -J.lt59 2.23 2.08 
2 6181t I. 82 
3 5761 2.19 

51t28 2876:1:21.89 2861±21.95 23. l:tl ,36 1.691 2.1t9 2.26 
2 5891t 2. 18 
3 S931t 2. II 

s I 611t2 2961t:1:22.23 2950:1:22.28 2J.8tl .Ito .967 1.98 2. 15 
2 5677 2.lt8 
3 5968 1.99 

6 I 5999 2902:1:21.99 2889:1:22.05 23.3:1:1.37 -3.262 2.52 2.09 
2 5383 1.77 
3 6033 1.98 

8kg I 32 ilt.OOtl .53 Pack 11-3 Std: 375489 CPH 
2 23 
3 29 



H 5 

CREEK BOTTOM DATA 

Position vs. CPM t 8KG 

Position H-3 CPl1 t 8KG C· 14 CPl1 tSKG 
± IJ :I: (J 

- .02 ± .3 .33 ± .28 

2 -1.03 :!: .29 -.17 ± .28 

3 - . 82 ± .30 .15 ± .28 

4 .39 ± .30 ,75 ± .28 

5 .23 :t .30 .66 ± .28 

6 - . 76 ± • 30 .10 ± .28 
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