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ABSTRACT

H
This report presents the results of a tadaological
survey of the West Lake Landfill, St. Louis County,
Missouri, performed by Radiation Management Corporation

during the spring and summer of 198l. Measurements were

made to determine external radiatiop levels, concentrations:

of airborne contaminants and the identity and concentrations
of subsurface deposits. Results indicate that large volumes
of uranium ore residues, probably originating from the
Hazelwood, Missouri, Latty Avenue site, have been buried at
the West Lake Landfill. Two areas of contamination,

covering more than 15 acres and located at depths of up to

20 feet below the present surface, have been identified.

There is no indication that significant gquantities of

contaminants are moving off-site at this time.
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I. INTRODDCTION

In August 1980, Radiation Management Corporation (RMC),
under contract to the U. §. Nuclear Regulatory Commission
gggg), performed radiological evaluations of .foﬁr burial
grounds(l]. The first of these sites selected for
evaluation was the West Lake Landfill in St. Louis County,
Missouri. An initial site visit was completed in August
1980, and a preliminary radiological survey was completed
in November 1980. The detailed radiological evaluation was

performed in the spring and summer of 1981.

The purpose of this survey was to clearly define the
radiological conditions of the West Lake Landfill site. The
results of this survey should be sufficient to allow an
engineering evaluation to be performed to determine whether

remedial actions should-and can be t ken.
e ial tio hould-ang n aken

The methods used to evaluate this site include the

following:

1) measurement of external gamma exposure

rates 1 meter above the surfaces and
=
beta-gamma count rates 1 cm above
e e
surfaces;
2} measurement of radionuclide concentrations

in surface soils;

3) measurement of radionuclide concentrations

in subsurface deposits;

4) measurement of gross activity and



radionuclide concentrations in surface and
e ———
Jsuggprfacelzifgf samples; | .
5) measurement of radon flux emanating from
A ——
surfaces;
6) measurement of airborne radioactivity; and

7) measurement of gross activity in

yegetation.

These measurements were performed on-site using two
mobilé facilities designed by RMC. A small number of
samples were returned to the RMC radiological atories

in Philadelghia for analysis for nuclides which gould not be
_detected in the field, and for quality assurance checks on
the field measurements. A set . of reference background
measurements were made at three locations in th;' St--Louis
area, near West Lake Landfill. In addition, a series of
non-radiological measurements were performed to identify

the possible presence of toxic or hazardous agents known Or

believed to have been buried at this landfill.
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1I. SITE CHARACTERISTICS

The West Lake Landfill is located on St. Charles Rock

Road just west of the Taussig Road intersection in

_Bridgeton, Missouri. The site is about one (1) mile

northwest of Route 270 and approximately 1-1/2 miles east of

Egg__gigggg;;__giggr. 1t is located in a combined
rural—industrial area, and is bounded on three sides by farm
ljand and on the fourth by §t. Charles Rock Road, beyond
which are located several commercial and industrial
establishments. The nearest residential area is a trailer

park located about 3/4 of a mile southeast of the landfill.

The site is approximately 200 acres and consists of a
quarry, stone and limestone processing and storage areas,
and several active and inactive landfills (Figure 1), which
are open to the public during normal working hours. West
Lake Landfill keeps track of entries for the purpose of
assessing fees for disposal; however, access is not
controlled for other reasons. Users are prohibited from

disposing of hazardous materials at this site by current

Missouri state law.

Studies indicate the 1landfill is op the alluvial
—_— i ——

floodplain of . the Missouri River. This fact prompted

———

the Missouri Geological Survey, in 1973, to propose
classification of the site as hazardous under the then
existing operating procedures. In addition, samples from

Pperipeter monitoring wells taken in 1977 and 1978
3
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indicated some movement of leachate into monitoring wells, e
based on chemcial (not radiological) analyses. However,
= -

recent studies by the Department of Natural RQsources_
indicate little or no surface or sub-surface movément of -
materials from the site[fi. Leachate from the active 37.24
Eanitary landfill is collected and treated on-site, At

this time there is no evidence of significant ground water
contamination; however, geological reports indicate _a

Eotggtial for such problens.

In May 1976, the St. Louis Post-Dispatchi{3] printed a
story alleging that radiocactive material had been
grroneouslg dumped in the West Lake Landfill in 1973. The
source of this material was identified as the Cotter

Corporation, Hazelwood, Missouri, Latty Avenue Site.

An:ggg investigation conducted by Region III in 1976
{4] concluded that about l_gggg of U308, contained in 8700 ‘ }é
tons of leached barium sulfate residues, had been mixed with
about 39,000__tops of sB0il at Latty Avenue and the entire \
volume disposed of at the West Lake Landfill. The earlier
study by the Post- Dispatch (1976) claimed only 9000 tons
(presumably the leached barium sulfate residues) had been
buried, and that the remaining material had not been
disposed of at West Lake. The Post-Dispatch alleged that
the contractor hauling the dirt had admitted falsifying

invoices for about 40,000 tons of soil. Discussions with

site personnel indicated that a large gu ity of soil from

Latty Avenue had indeed been dumped at West Lake, although .
NQQ: 7#’3‘71»4-, M»m-{,@?Do bharsiem
'X; ﬁaﬁﬁd&xr:3200n4w42~£ﬂ?m\fﬁi%j!]
P a. oo W‘ﬁ"&é —plus wnkppion —
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the exact amount was unknown.
__F——m———.g::_—_-‘

A fly-over radiological survey (ARMS flight), éerformed
for the NRC in 19718, showed external radiation levels as
high as 100 uR/hr in the area indicated by West Lake
personnel as containing the Latty Avénue material. In
addition, this survey revealed another possibly contaminated

zone in a fill area previously believed to be *clean".

Fiqure 2 shows the results of the 1978 aerial survey.
The area in the southeast fill was believed to contain
Latty Avenue material, while that on the northeast boundary

was previously unidentified,

In addition to radioactive material, it is known that

hazardous chemical wastes have been disposed of at this
—— e

jandfill. Since disposal was unregulated prior to 1973,
little is known about the actual materials present. However,
jt is believed that aside from normal landfill materials,

there are chemical industrial wastes in the landfill.

Among the chemical wastes believed to be present are:

waste ink halogenated intermediates
pigments aromatics

oily sludges oils

esters wastewater sludges
alcohols heavy metals

insecticides , herbicides

JLZG
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I1I. RADIOLOGICAL SURVEY METHODS

(A) Measurement of External Radiation Levels

. The two areas of contamination were gridded and
surveyed for both gamma radiation levels at one meter above

the surface, and beta-gamma levels at the ground surface.

The basic pattern at each contaminated area was survey
blocks defined by a 10 meter grid system. External gamma
ljevels at one meter were recorded at each grid point (i.e.
at each intersection of two grid lines). Initially, precise
exposure rate measurements at a few specially selected grid
points were made with a sensitive Tissue Equivalent
Jonization Chamber System (described in Appendixfzz. At the
same time, Nal scintillation detector (described in Appendix
1) measurements were made and a conversion factor for the
Nal count rate versus uR/hr established (See Figure I-3).

Once this factor was confirmed, the ggintillation detector

was used for all grid measurements at relatively low
exposure rates. For the few higher rates encountered, a

Geiger-Mueller portable survey instrument was used.

At each grid point, an end window G-M tube (described
in Appendix I) was used for surface measurements. An open
and closed window reading was made at 1 cm, and the ratio of
the two used to indicate the presence or absence of surface

contamination.

p¢.11 2

—~2 quJ



(B) Measurement of Surface Radioactivity
e ———

Based on the external surfacg measurements; surface
soil samples were - collected for analysis from both
contaminated areas. These samples were collected froﬁgw
locations on-site where surface deposits were indicated, as
well as Jlocations where the drainage characteristics
indicated the possibility that radioactive materials may
have been carried or washed away from original burial
locations. The soils were dried, ground and sealed in 500 ml

aluminum cans for counting on the intrinsic germanium (IG)

gamma ray spectroscopy system (described in Appendix I). “—

Vegetation on-site consisted only of grass and common
weeds, Off-site, crops are grown on farm land immediately
R —
north and west of the site. Since the possibility of
contamination exists here, crop samples were collected where
indicated by surface measurements. These samples were

dried, crushed and counted as described above.
(C) Measurements of Subsurface Radioactivity

Since it was known that most, or all, of the
radioactive materials at the West Lake Landfill have been
buried, extensive subsurface monitoring and sampling was
required. The purpose of this activity was to determine the

ggpﬁh and lateral extent of subsurface contamination.
— B el

A series of holes through and bordering the
contaminated deposits were drilled and lined with 4-inch PVC

=



casing. Each holefwas then scanned with a 2" by 2" NaI(Tl)

gcintillation detector and rate meter system.
R S ——————— .

s

Representative holes were then logged using an in Eitu
.gamma measurement system consisting of an intrinsic
germanium (IG) detector coupled to a multichannel analyzer
(described in Appendix I). Field analyses were then made,
both qualitatively and quantitatively, thereby eliminating
time consuming laboratory analyses and ex ensive core
sampling of each hole. Measurement intervals ranged from 6"
to 24", depending upon factors such as hole depth and
activity. An occasional core sample was taken to verify the

in situ measurements and to confirm the presence or absence

of non-gamma emitting nuclides such as Th—230.

(D) Measurement of Radioactivity in Wa%gg

Whenever possible, water samples were taken from the
bore holes and two off-site monitoring wells, Samples were
also taken from standing water, run off water, and leachate
liquids. Samples were filtered, evaporated and counted for
gross activity, or were filtered and sealed in Marinelli

beakers for gamma spectroscopic analysis.
(E) Measurement of Ajrborne Radioactivity

Measurements were made to determine if the material
buried on-site is a source of airborne radioactivity. The
isotopes of concern are Ra-226, Ra-224 and/or Ra-223, which
decay to Rn-222, Rn-220 and Rn-219. This may result in the

8



emanation of radon from the soil, and movement of radon and

daughters off-site. .

These measurements may be used to determine Rn flux
emanation as a source term for off-site dose calculations,
or as an. indication of the presence of radium at or below

the surface. Additional on-site Rn daughter measurements

were made to perform working leyel (WL) determinations.

Radon flux measurements which are to be related to
off-site dose calculations were of no value for Rn-219, due
to its very short (4 sec) half-life. Therefore, only its
lohg-livegEEggughters are of concern for off-site exposures.
In addition, if the parent (Ra-223) is not within a few
millimeters of the surface, Rn-21% is not likely to emanate

into the atmosphere [5].

Due to these considerations, only Rn-222 and Rn-220
fluxes were measured. The principal measurement technique
was collection of a filtered gas sample from an accumulator

and subsequent counting in a radon gas analyzer (described

-»
f?lein Appendix 1). Sequential alpha counting, starting

immediately after sampling, allowed separation of Rn-222
frOm.Eﬂ:Zzg (if present). Repetitive samples were taken
from several locations during the survey period in an effort
to evaluate the effect of fluctuations between individual
measurements, due to varying meteorological and soil
conditions., A second method using charcoal canisters was
also employed as a check on the accumulator technique.

9
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The presence of!Rn-219}was determined by detection of
its daughters deposited on high volume particulaé@ sample

filters, using gamma spectroscopy. Total Rn daughter levels
were also estimated by gross alpha activity on particulate

-filters. From this, a total working level (WL)

determination was made.

10
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IV. SURVEY RESULTS
(A) Exterpal Radiation Levels

Two areas of elevated extefnal radiation 1levels have
been identified by this survey. Figure 3 shows the two
areas as they existed in November, 1980, at the time of the
preliminary RMC site survey. As can be seen, both areas

contained locations where levels exceeded 100 uR/hr at 1

meter, and in Area_ 2, gamma levels as high as 3-4 mR/hr were
detected. The total areas exceeding 20 uR/hr were about 3

acres in Area 1 and 9 acres in Area 2.

External gamma levels measured in May and July of 1981

are shown in Figure 4, These levels had decreased

significantly, especially in Area 1, due to continuing

activities at the Jlapdfill. In both cases, contaminated
P . g

areas were covered with ~addjtiona fill material. RMC

estimates that about 4 feet of sanitary fill was added to

the entire area denoted as_Area 1, and that an equal amount
of construction fill was added to most of Area 2. As a
result, only a small region-of a few hundred square meters
Farget ?
in Area 1 exceeds 20 uR/hr. In Area 2, the total area
W"
exceeding 20 uR/hr decreased by about 10%, and the highest

levels are now about 1600 uR/hr, near the Shuman building.

~ Both areas were marked off in a 10 m by 10 m grid, based
on a north-south 1line erected from a boundary marker, as

laid out by a surveying team, as a reference 1line,. Grid

1l %Wu:ﬁaig_zf It



designations are shown in Figures 5 and 6. At each grid
point, external gamma levels at 1 m, and beta-gamma: count
rates at 1 c¢m, were measured, Results of these measurements

are given in Tables 1 and 2.

Beta-gamma measurements at 1 cm from the surface are
given in cou rates, rather thanégggg,rates, due to the
difficulty in measuring beta dose rates accurately with end
window G-M tubes. Large differences between open- and
closed-window readings indicate the possibility of surface
contamination. Little surface contamination was found in
Area 1, as would be expected due to fresh land f£fill cover

over nearly the entire area.

Several isolated spots of surface contamination in Area
2 were indicated by beta-gamma measurements, and later
confirmed by surface soil sampling. These spots are
generally located near the northwest edge of Area 2, which

——

i that bounds the landfill at that int.
includes thefgsgm n h point
Some erosion and rupn-off. is evident along the top of the
fill, apparently uncovering deposits of radioactive paterial

in the process. Thus far, fresh construction f£ill has not

been added here, due to the inaccessibility of these spots.

A second region of surface contamination is found just

north of the Shuman building. It is not clear why material
appears on the surface here, except that it is possible that

some digging or excavation has occurred here in the past.

12
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(B) Surface Soil Analyseb

A total of 61 surface soil samples Wwere gathqred and
analyzed on-site for gamma activity. Sémples wereznormally
stored 10 to 14 days to allow ingrowth of radlum daughters.
‘ concentrations of y-238, Ra-226 (from PB -214 and 31-214),
Ra-223, Pb-211 and Pb-212 were determlned for each sample.
Locations of surface soil samples are shown in Figures 7 and

p- 3

8, and the results in Table 3,
432 P56

In all soil samples nothing other than uranium and/or

thorium decay chain nuclides and K-40_was detected. Off-site

background samples were on the order of 2 pCi/g for Ra-226.

On-site samples ranged from about 1 to 21,000 pCi/g Ra-226,
and from less than 10 to 2,100 pCi/g U-238, 1In those cases
where elevated levels of Ra-226 were detected, the
concentrations of U-238 were generally anywhere from a
factor of 2 to 10 lower. In cases of elevated sample
activity, daughter products of both U-238 1229 U-235 were

found.

In general, surface activity was limited to Area 2, as
_——

indicated by the surface beta-gamma measurements. Only two

small regions in Area 1 showed contamination, both 1located

near the access road across from the site offices.

In addition to on-site gamma analyses, a set of 12
samples were submitted to the RMC radiochemical laboratories

for thorium and uranium radiochemical determinations. The
,ﬁ—_———*—w

13



results of these measurements are shown in Table 4. They
show thaté;é} samples contain high levels of Th—230: The
ratio of Th-230 to Ra-226 (Bi-214) is about 20, which

indicates an ;%gééchment' of thorium in these residues, as
discussed in Section V.(P,ZO)

(C) Subsurface Soil Analysis

Subsurface contamination was assessed by extensive
"l1ogging™ of holes drilled through the landfill at locations
known or thought to contain radioactive materials. Several
holes were drilled in areas known to contain contamination,
then additional hoies were drilled outward in all directions
until no further contamination was encountered. A total of

43 holes were drilled, (11 in Area 1 and 32 in Area 2),

i i ff-site water monitoring wells. All holes
including 2 off-site e i gq_we 1 es were
drilled with a 6-inch auger and 1lined with 4-inch PVC

casing. The location of these auger holes is shown in

Figures 9 and 10.

Each hole was scanned with a 2-inch by 2-inch NaI(Tl)
detector and rate meter system for an initial indication of
the location of subsurface contamination. Based on the
initial scans, certain holes were selected for detailed

-
gamma logging using the IG detector and MCA. A total of 19

holes were logged in this manner.

The results of the ﬂaI(Tl) counts and IG analyses are

shown in Table 5. Concentrations of Bi-214, as determined

p-5¢ U-238
14 a& emctlee



A

by the IG system; ranged from less than l te 19,000 pCi/g.

For those holes where both Nal(Tl) and IG counts were made,
a good correlation between gross NaI{Tl) counts a;d Ra-226
concentrations, as deterhined by in situ analysis of the
daughter Bi-214 by the IG system, was found. Figure 11 is a
plot of NaI(Tl) count rate versus IG determination of
Ra-226, and shows a nearly linear relationship between the
two at concentrations near the action criteria. The
conclusion is that the Nal(Tl) data is a good estimation of
the Ra-226 concentration in soil, 50 long- as the

radionuclide mix is reasonably constant. In the case of

West Lake Landfill, this has been shown to‘%e the case,

It was determined that thedeposits extended

beyond _areas where surface radiation measurements exceeded
'_______;?_-_-—-— e —

_action criteria. Figures 12 and 13 show the approximate
area °f,232§55;;§£ contamination versus the area of elevated

surface radiation levels. The total difference in areas is
D

on the order of 5 acres,

The variations of contamination "ithégﬁgﬁ are shown in
Figure 14. As can be seen, the surface elevations vary by
about 20 feet, with the highest elevations at locations of
fresh fill. Contamination (> 5 pCi/g Ra-226) is found to

extend from the surface, in several areas, to a depth of

about 20 feet below surface, in_two cases. In general, the

subsurface contamination appears to be a continuous single

laxer, ranging from “two_ to fifteen feet thick, located

15
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between elevations of 455 feet and 480 feet and covering

16 acres total area. .
g_;—_-_—.‘-——_lll—

In Figures 15-19, representations of the subsurface
deposits are provided based on auger hole measurements.
These representations are consistent with the operating
history of the site, which suggests that the contaminated

material was moved onto the site within a few _days' _time,

and spread as cover over fill material. Thus, one would

expect a fairly continuous, thin layer of contamination, as

indicated by survey results.

(D) Water Analyses
o

A total of 37 water samples were taken during this
survey, 4 in the fall of 1980, and the remainder in the

spring and summer of 1981. Results of water analyses are

shown in Table 6.

Nong of the sample algha activities exceeded the MPC for
Ra-226 (the most restrictive nuclide present) in water for
unrestricted areas. Onply one sample exceeded the EPA EESEE
alpha activity guidelines for drinking water and that was a

sample of standing water near the Shuman building. Several

samples, including all the leachate treatment plant samples,
exceeded the EPA gross beta drinking water standards.
Subsequent isotopic analyses indicated that.é::)the beta
activity can be attributed to K-40. None of the off-site

samples exceeded either EPA standard.

16
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(E) Airborne Radioactivity Analyses
—-%—'_—

Both gaseous and _particulate airborne radioactivity
were sampled and analyzed during this study. Since it was
_known that the buried material consisted partially or

totally of uranium ore residues, the sampling program

concentrated on measuring radon and daughters in the air.
s— '7f£%::5? e ————
Two methods were used: the first was a scintillation flask

method for radon gas and the second was analysis of filter

paper activity for particulate d ers.

A series of grab samples using the accumulator method
(described in Appendix I) were taken between May and ARugust
of 1981. A total of 111 samples from 32 locations were
collected. Results can be found in Table 7. Radon flux él?%;;

levels ranged from 0.2 pCi/sg.m~s in low background areas to

2%5? [P 7¢]

86 Cci/sqg.m-s in areas of surface contamination. -
;;=§;P /59 ﬁgﬁﬁJﬂ&ﬁEﬂ se<on,

At three locations, repetitive measurements were made
over a period of two months. These results are plotted in
Figure 20. iAs can be seen, significant fluctuations were fbfg
observed at two locations. The fact that these flucgtuatiopns
vere real and not measurement artifacts was later confirmed

by duplicate charcoal canister samples, as described below.

A total of 35 charcoal canister samples were gathered

at 19 locations over a three month period. The results are
listed in Table B8, and show 1levels ranging from 0.3 ?f73

pCi/sq.m-s8 to 613 pCi/sq.m-s5. On 24 different occasions,
=

17



the charcoal canisters and accumulator were placed 1in
essentially the ©ame locatioﬁs, at the same t%me, for
duplicate sampling. The results of this side-by-sidé study
are preseﬁted in Table 9, and show generally good

‘correlation between the two methods.

A set ofhigh volume particulate air samples

were taken to determine both short-lived radon daughter

concentrations and long—lived gross _alpha activity. Sample

results are shown in Table 10. The highest levels were

detected in November, 1980, hear and insége the Shuman

g e

building. Only these two samples exceed MPC for radon

daughters for unrestricted areas.

In addition to the routine 10 minute samples, five 20

——d
minute high volume air samples were taken and counted
immediately on - the IG gamma spectroscopy system. The
purpose of these analyses was to detect the presence of

Rn-219 daughters. All samples were taken near surface

contamination and are listed in Table 1l1. 1In addition to
Rn-222 daughter gamma activities, Rn-219 daughters were
detected by measuring the low abundancelrégggg rays of
?b—211. Concentrations of Rn-219 daughters ranged from

6E-11 uCi/cc to 9E-10 uCi/cc.
(F) Vegetation Analysis

Vegetation samples included weed samples from on-site

locations and farm crop samples (winter wheat) from the

18
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northwest boundary of the landfill. This location was
chosen due to possible run off from the fill into the farm

field. No elevated activities were found in these éamples.
(G) Non-Radiological Analysis

Six composite Bamples were submitted to the RMC
 Environmental Chemistry Laboratory for priority pollutant
analysis., Five samples vere taken from auger holes (one
from Area 1 and four from Area 2) and the sixth from the
West Lake leachate treatment plant sludge. The results,

shown in Table 12, indicate a significant presence of

organic solvents in Area 2 samples. The results of the
leachate sludge analysis were not as high as any of the soil

samples.

A chemical analysis of radioactive material from both
areas was also performed by RMC labs and reported in Table
13. Results show elevated levels of barium and lead in most

cases.

ﬂ_e,un lBackground]Heasurements and Remedial Action Criteria

various off-site locations were selected for reference
background measurements. The results of these measurements
are summarized in Table 14, and can be compared with the
establishedfgggg target criteria for remedial action, for

this project, shown in Table 15.
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V. CQHELHSiQHS

Based on survey results, it is evident that ﬁhe West
Lake Landfill contains two areas of surface and/or
subsurface contamination. These deposits yield detectable
"external radiation levels in both areas. However, only an
area of less than Q.l acre in 1Area 1l exceeds 20 uR/hr,

while about B acres in Area 2 exceeds the 20 uR/hr criteria.

The highest reading detected in the most recent survey was

1.6 mR/hr in Area 2, near the Shuman Building.
7 e

Analyses of so0il samples from both areas, as well as
Ain situ measurements, show that the contaminants present at

West Lake consist of wuranjum and uranium daughters.

Chemical analyses reveal high concentrations of barium and

sulfates in the radioactive deposits. These results tend to
e — R ——

confirm the reports that this contaminated material is
uranium and uranium ore, contained in leached barium sulfate

residues, and presumably transferred from the Latty Avenue

Site in Bazelwood, Missouri.

Analysis of so0ils also shows a high Th-230 to Ra-226
— e =ftsl

_ratio. Since the target criteria for Ra-226 is the most
restrictive of those contaminants present, it has been
assumed that Ra-226 would be the controlling radionuclide
for remedial action determinations., BHowever, since Th-230
T —

levels may be from 5 to E&; times higher than Ra-226

concentrations, this assumption may be erroneous. It is

likely that high concentrations of thorium resulted from
P
20



separation of both uranium and radium from the ores, thus
*depleting” the ores of uranium and radium, or, "enziching”
the residues in thorium. This "enrichment® would also- be

evident in the_D-235 chain, despite the short half-lives of

.Th-227 and Th-221, since the long—lived Pa—231kwould remain S§

in the residues. The concentrations of Pa-231, ingerred from

Ra-223 determinations, are also shown to be high.
TET——

Ruger hole measurements show' that nearly all the

contamination present is located below the 1landfill
———

surface,although a few locations near the northwest berm in
Area 2 show surface, or near surfacé, deposits. These
deposits range from 2 to 15 feet in thickness, and appear to
form a contiguous layer covering an area of about 14 acres
(68,000 sg.yd.) in Area 2 and about 2__acres (10,000
sg.yd.)in Area 1. I1f an average thickness of 2 yards is

i - [ - 3
assumed, the estimated total volume isr150,000 culxg,,)which

corresponds to roughly 170,000 tons of soil. This implies

that if the source of contamination was the Latty Avenue
material, the original volume of 40,000 tops has been
diluted by a factor of about 4, which is not unexpected,
with the continual movement and spreading of materials

during £ill operations.

As discussed previously, the auger hole measurements

detected deposits exceeding 5 pCi/g Ra-226 within a few feet

of the surface, in areas where surface ex radiation

levels were indigtinguishable_from normal background levels.
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These results confirm suspected difficulties in detecting
——— e = e

buried ‘materials with surface measurements, even when using
relatively sensitive portable survey instruments.
At no time has radioactivity in off-site water samples
_ —————————?gss=
been above any applicable guidelines. ‘'These results
indicate that the buried ore residues are probably not

soluble and are not moving off-site via ground water. On-
TR —— el ———
site samples have shown some gross beta activity above EPA

drinking water guidelines (attributable to K-40); however,
gross alpha and Ra-226 levels are within 1limits, The
absence of significant contamination in the leachate liquid
or sludge is consistent with the implication that the buried

materlal 1s£££§ moving through the landfill.

As would be expected, radon flux emanation _rates were

highest at locations of surface, or near surface,
contamination. At locations where the material is covered

by several feet of fill, flux levels are near background
zp1quqb;4/1fbp44/v¢¢f

rates.

Particulate air samples established indicated the

—-—-"--.
presence of Rn-222 and Rn-219 daughters near the locations
of surface deposits. However, concentrations are very low,
and do not exceed allowable levels for unrestricted areas,
Eisg££=£2=ggg_lg§ﬁtigﬂL In general, cover of a few feet of
fill reduces airborne concentrations to near background

levels.
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The fact that West Lake is an active landfill preeents
several serious problems for performing radiélogical
assessments and remedial actions. In the f£first place, as
the landfill conditions change, so do the surface

) - _
radiological characteristics. These changes were evident in
the reduction of radiation levels in Area 1 between November
1980, and May 1981. It is possible that future landfill

activities will obscure :gé; detectable surface radiation

levels at the site. s

-
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Table 1

Gamma Radiation Levels and Beta-Gamma
Count Rates at Grid Locations in Area 1 .

Nal Exposure Beta-Gamma Count Beta-Gamma Count
crid Count Rate Rate Rate w/window Rate w/0 window
Location (c/min) {uR/hr) {c/min) (c/min)
GOOE 1000 10 30 40
ROOE 900 9 60 50
I00E 1200 11 30 50
JOOE 800 8 40 40
KOOE BOD 8 20 30
LOOE 1200 11 20 30
MOOE 80D 8 40 40
NOOE 760 7 40 30
POOR 1100 10 50 50
POOI 1200 11 40 30
Q001 1000 10 50 50
PCOJ 1100 10 50 50
Q00J 1200 11 40 60
POOK 1100 10 40 30
Q00K 1200 11 30 50
COOF 900 9 40 50
DOCF 900 9 30 40
EOOF 1100 10 40 50
FOOF 1200 11 30 40
GOOF 900 9 40 40
HOOF 1000 10 40 40
I00F 1200 11 40 40
JOOF 2000 16 40 50
KOOF 2700 €~ 20 50 50
LOOF 2100 17 40 60
MOOF 1500 12 60 60
NOOF 1000 10 40 60
O00F 800 8 30 30
E0QG 1100 1o 20 30
F0OG 1000 10 30 60
GOO0G 900 9 40 40
HOOG 1000 10 20 40
100G 1200 11 30 30
JOOG 1000 10 30 40
K00G 1600 13 60 70
L0OG 1300 11 40 50
MOOG 2200 17 60 50
NOOG 1300 11 30 40
000G - - 50 40
EOOH 1100 10 40 40
FOOH 900 9 30 a0
GOOH 1100 10 30 50
HOOH 1200 11 50 40
I00H 1000 10 40 50
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Table 1, cont.

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/o window
Location (c/min) (uR/hr) {(c/min) s (c/min)
JOOH 1000 10 50 40
KO00H 1000 10 20 50
LOOH 1100 20 50
MOOH 1200 11 50 40
NOOH 1500 12 50 80
O00H - - 40 40
EOOI 1000 10 40 30
FOOI 1000 10 30 40
G001I 800 8 30 30
HOOI 1000 - 10 50 40
1001 1100 10 30 60
JO00I 1000 10 30 40
KOOI 900 9 30 40
L00I 1000 10 30 40
MOOT 900 9 40 40
NOOI 1100 10 40 40
0001 1100 10 30 50
E00J 1100 10 40 60
FO0O0J 1200 11 30 A0
G0O0J 1300 11 50 40
BOOJ 1200 11 50 50
100J 1100 10 50 50
J00J 1000 10 30 30
K00J 1100 10 40 40
L00J 1000 10 40 50
MO0J 1200 11 50 40
NOOJ 900 9 40 30
000J 900 9 40 40
EOOK 1000 10 50 50
FOOK 900 9 40 50
GOOK 1000 10 50 50
HOOK 1100 10 50 60
100K 80O 8 50 50
JOOK 900 9 40 40
KOOK 900 9 40 40
LOOK 1000 10 30 30
MOOK 900 9 30 60
NOOK 800 8 30 40
000K 900 9 40 40
EOOL 800 8 40 60
FOOL 1000 10 50 50
GOOL 900 9 40 40
HOOL 900 9 40 60
I00L 1000 10 50 50
JOOL 1000 10 50 60
KOOL 1000 10 50 50
LOOL 900 9 20 30
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Table 1, cont.

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/0 window
Location (c/min) (UR/hr} (c/min) © (c/min)
MOOL 1100 10 30 40
NOOL 1000 10 50 40
O00L 900 9 20 40
FOOM 900 7 30 40
GOOM 1100 10 20 30
HOOM 1000 10 30 40
I00M 1000 10 40 50
JOOM 800 8 30 40
KOOM 1000 10 40 40
LOOM 1100 10 40 30
MOOM 1000 10 30 30
NOOM 1000 10 30 50
O00M 1000 10 30 40
FOON 900 9 30 50
GOON 1000 10 30 30
HOON 1100 10 30 30
I0OON 900 9 40 30
JOON 900 9 40 50
KOON 800 8 40 60
LOON 900 9 40 30
MOON 1100 10 30 30
G000 1000 10 40 60
HO00 1100 10 20 30
1000 1000 10 20 30
J00O 1200 11 30 40
K000 1000 10 40 50
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Table 2

Gamma Radiation Levels and Beta-Gamma
Count Rates at Grid Locations in Agxea 2

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/0 window
Location (c/min) (uR/hr) (c/min) {c/min)
BOOF 600 10 40 40
COOE 600 10 20 20
COOF 600 10 20 30
C00G 700 11 30 40
pDOOB 800 12 - -
poocC 800 12 - -
DOOD 700 11 20 40
DOOE 500 9 20 20
DOOF 600 10 20 20
DOOG 700 11 30 50
DOOH 800 12 50 50
DOOI 700 11 30 50
DO0J 1100 15 30 40
EOOA 500 9 - -
EOOB BOO 12 - -
E0OC 80O 12 - -
EOOD 700 11 - -
EQQOE 700 11 30 30
EOOF 500 9 20 20
E0O0G 500 9 30 30
"EQOOH 800 12 30 40
E0O0I 700 11 30 30
E00J 900 13 30 : 30
FOOA 800 12 - -
FOOB 900 13 - -
FOOC 800 12 40 40
FCOD 900 13 30 30
FOOE 1000 14 30 40
FOOF 500 9 30 30
FO0G 800 12 40 40
FOOH 700 11 50 50
FOOI 800 12 30 40
FOO0J 800 12 30 30
GOOA 80O 12 - -
GOOB 900 13 - -
G00C 800 12 30 40
GOOD 900 13 40 40
GOOE 700 11 30 40
GOOF 1000 14 30 40
GO0G 1000 14 40 40
GOOH 800 12 30 40
GO0I 800 12 30 30
GO0J 800 12 20 40
BOOA 800 12 - -
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Table 2, cont.

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/o0 window
Location {c/min) (uR/hr) (c/min) (c/min)
BQOB 800 12 - -
HOOC 800 12 30 30
HOOD 1000 14 30 40
HOOE 900 13 40 40
BOOF 800 12 30 30
HOOG 800 12 30 40
HOOH 700 11 30 30
BOOI 600 10 30 30
BOO0J 900 13 30 30
HOOK 800 12 40 60
BOOL 800 12 30 50
1002 900 13 - -
100B 1000 14 - -
100C 1000 14 30 30
100D 900 13 40 40
I00E 800 12 40 40
I0O0F 800 12 20 40
100G 900 13 30 40
I00H 800 12 30 30
I001 600 10 40 40
100 900 13 40 40
100K 900 13 40 60
I00L 1100 15 40 80
JOOA 900 13 - -
JOOB 800 12 - -
JOOC 800 13 - -
JOOD 1000 14 30 50
JOOE 900 13 40 40
JOCOF 1200 16 30 40
JOOG 1000 14 40 40
JOOH 800 12 40 40
JOOI 600 10 40 50
JO0OJ 900 13 30 30
JODK 900 13 40 40
JOOL 600 10 30 30
KO0OB 1000 14 - -
K00C 1100 15 - -
K00D 1200 l6 40 50
KOOE 1100 15 40 60
KOOF 2000 23 30 40
KO0G 1400 18 . 40 40
KOOH 1000 14 40 40
K001 1000 14 40 60
K00J 800 12 20 30
ROOK 800 12 30 30
KOOL 800 12 20 40
LOOB 1000 14 - -
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Table 2, cont.

Ral Exposure Beta-Gamma Count ﬁeta—Gamma Count
Grid Count Rate Rate Rate w/window Raté w/o window
Location {c/min} (uR/hr) (c/min) (c/min)
L00C 1100 15 - -
LODD 1800 21 50 50
LOCE 2600 27 40 40
LOOF 2500 27 940 1000
* 1,0OG >50000 640 2100 2200
LOOH 7000 55 70 120
L00I 2300 25 140 140
LOCJ 1300 17 40 BO
LOOK 2100 24 50 50
LOOL 700 11 40 60
* L73E »50000 400 - -
MCOB 1100 15 - -
M0OOC 1500 19 - -
MOOD 1900 22 - -
MOOCE 3700 35 80 80
MOOF 8000 60 80 90
MOOG 3600 35 50 50
MOOH 5000 44 40 50
MOOI 7000 55 80 90
M0O0J 1800 21 60 70
MOOK 900 13 30 40
MOCL 900 13 30 60
NOOB 1200 16 - -
NOOC 1300 17 - -
NOOD 1600 20 - -
NOOE 2000 23 - -
NOOF 3300 32 - -
NOOG 1000 14 30 40
NOOH 1000 14 40 50
NOO1I 47000 210 680 1020
NOOJ 2300 25 30 30
NOOK 1000 14 40 50
NOOL 900 13 30 50
000C 1200 16 - -
000D 1100 15 - -
O00E 1400 18 - -
O00F 1400 18 50 60
000G 900 13 40 40
O00H 1000 14 40 50
0001 900 13 20 40
* 000J >50000 840 4800 5200
000K 1500 19 50 50
000L 600 10 20 20
POOD 1100 15 - -
POOE 1200 16 - -
POOF 1000 14 40 60
POOG 1000 14 30 50
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Table 2, cont.

&
Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/0 window
Location (c/min) (uR/hr) (c/min) (c/min)
POOH 1100 14 30 50
POOI 1000 14 50 60
PO0J 1000 14 400 50
POOK 20000 115 240 300
POOL 3300 32 130 130
POOM 500 9 - -
POON 500 9 - -
QO0CE 1000 14 - -
QOOF 900 13 - -
Qo00G 1000 14 30 40
QO00H 1000 14 30 40
Qo001 800 12 30 60
Q00J 800 12 30 40
QOOK 800 12 30 40
Qo0L 1200 16 40 40
QOOM 1300 17 70 70
QOON 600 10 20 40
ROOF 1000 14 - -
ROOG 900 13 - -
ROOH 900 13 A0 40
ROOI 1000 14 30 30
ROOJ 800 12 40 40
ROOK 900 13 40 40
ROOL 1000 14 60 60
ROOM 700 11 40 40
ROON 700 11 40 50
R0O0O 600 10 20 30
S00G 80O 12 - -
SO0OH 900 13 30 60
S001 900 13 40 50
s00J 1000 14 50 60
S00K 900 13 40 40
S00L 1200 16 40 40
SODM 6000 48 80 80
SOON 500 9 30 30
8000 2300 25 90 90
s00P 800 12 30 40
T00G 80O 12 - -
TOOH 1100 15 : - -
T001 1000 14 - -
T00J 900 13 30 50
TOOK 1000 14 30 40
TOOL 1000 14 40 40
“TOOM 1600 20 60 70
TOON 2500 27 180 200
T000 3100 31 70 70
TOOP 16000 98 600 700
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Table 2, cont.

Grid
Location

Nal
Count Rate
{c/min)

800
900
1000
2100
40000
20000
1100
900
1100
1100
1000
1100
4000
12000
>50000
1500
1000
1300
1600
1600

Exposure
Rate
(uR/hr)

Beta—-Gamma Count
Rate w/window
{(c/min)

100
1300

500

51

;Beta-Gamma Count
Rate w/0 window
(c/min)

140

1500
720
40

40
50

40
500

190
100



Table 2, cont.

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate ® Rate w/window Rate w/o0 window
Location (c/min}) (uR/hr) {(c/min) (¢/min)

YOOM 1100 15 40 40
YOON 3000 30 30 50
Y000 1700 20 40 50
YOOP 2100 24 40 60
Y000 5000 66 200 280
YOOR 40000 190 1000 1400
Yo0s 3600 35 - -
Z001 800 10 40 40
Z00J 1000 14 40 50
Z00K 1800 21 70 90
Z00L 3200 32 80 80
ZOOM 3700 35 120 150
ZO0ON 5000 44 110 130
2000 3300 32 80 120
Z200P 1900 22 50 60
z00Q 2400 26 50 60
ZO00R 12000 80 300 380
Z00s 2600 27 - -
a001 900 13 40 50
af0J 900 13 20 40
al00K 1300 17 50 90
a00L 1800 21 60 80
a00M 1900 22 120 140
abON 1200 16 90 100
a000 1300 17 40 40
a00P 1000 14 20 30
at0Q 2200 24 60 60
a00R 2300 25 70 100
al0s 2600 27 - =
b00I 900 13 - -
b00J 900 13 - -
b00OP 8GO 12 40 50
b00Q 700 11 30 70
bOOR 2400 26 60 90
b00S 2400 26 - -
cO0ON 700 11 - -
c000 700 11 40 40
c00P 1000 14 50 50
c000 1300 17 60 80
cO0R 1900 22 50 80
c00S 1800 21 - -
d00o 1400 18 40 60
daoop 30 50
d00Q 30 60
do0R 2000 23 60 70
doos 2000 23 - -
daooT 900 13 - -
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Table 2, cont.

Grid
Location

Nal
Count Rate
{c/min)

Exposure
Rate
(uR/hr)

Beta-Gamma Count
R ate w/window
(c/min)
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BEta-Gamma Count
Rate w/0 window

(c/min)

100

80
100
140
100

100



Table 2, cont.

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/0 window
Location (c/min) {(uR/hr) {c/min) {c/min)
g00Y 2200 24 90 120
002 1500 19 50 70
g00a 10600 14 30 30
hCOK 700 11 30 30
hOOL 800 12 70 70
hOOM 900 13 70 80
hOON 1000 14 - -
h000 3100 31 70 70
hOoOP 17000 105 180 2B0
* h00Q >50000 1050 4200 4200
hOOR 27000 140 560 660
h00S 45000 205 900 1080
hoOT 4000 37 150 150
hoO0U 6500 52 170 190
hooVv 10000 72 240 250
noOwW 3800 36 200 300
hooOX 1000 14 60 80
hoO0Y 1800 2] 50 50
h00Z 700 11 20 30
hola 700 11 40 40
h72P - - 8000 5400
i00K 800 12 40 50
i00L 900 13 60 60
i0o0M 1700 20 920 110
i0ON BOOO 60 110 110
i000 36000 175 1000 1100
* j00P >50000 1600 7200 8400
* j00Q »50000 1170 2800 3600
i0O0R 30000 155 900 1120
io0s 800 60 180 300
iooT 1600 20 40 40
1000 3000 30 130 180
igcov 2200 24 : - -
100W 1400 18 40 60
i00Xx 1000 14 40 60
iooy 1500 19 70 70
300K 800 12 60 60
JO0L 900 13 60 80
300M 2000 23 90 90
JOON 6000 49 130 160
3000 10000 70 130 180
jooP 20000 115 400 420
3000 16000 98 410 500
jOOR 21000 120 560 700
j00S 1900 22 70 90
00T 1200 16 50 60
joovu 1000 14 60 60
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Table 2, cont.

Nal Exposure Beta-Gamma Count %eta-Gamma Count
Grid Count Rate Rate Rate w/window Rate w/0 window
Location (c/min) (uR/hr) (c/min) {(c/min)
joov 1800 21 70 70
jDOW 1200 16 70 80
300X 1000 14 50 50
jooy 1100 15 60 60
k00L 1000 14 70 70
kOOM 1100 15 90 110
kOON 1000 14 60 90
k000 1000 14 70 90
k0OP 1100 15 80 110
k00Q 1400 iB 40 40
kOOR 7500 58 140 180
k00S 1100 15 50 50
k00T 1100 15 30 50
k00U 1700 20 60 60
k0oOV 1700 20 50 60
kOOW 700 11 40 40
k00X 700 11 40 50
kO0Y 1000 14 40 50
100L 900 13 70 70
100M 900 13 70 80
100N 800 12 70 70
1000 900 13 80 90
100P 700 11 60 70
1000 900 13 50 50
100R 80O 12 40 40
100s 1200 16 40 50
100T 1200 16 60 70
100U 1100 15 60 80
100V 900 13 30 40
m000 800 12 80 80
m00P 700 11 60 60
m00Q 700 11 40 40
mOOR 900 13 30 50
mo00S 1000 14 40 40

Reading >50,000 on NaI, reading was made with end window GM
tube with beta shield.

55



0d1°Z
030° €
0av*e
0dT*¢

¢1Z-ad

149°y TIE'¥
gFL°T ede’l
€30°g ¢€dE"S

zaz €, CAT €
ZAre” zas'te
zas°6 €3IT'1

128°G -----
€40°T €3I
€48°T €30°Z

Tay° e TAT'E

€AT°T €3C°T
7ag T Td6°T
€36°T Zd9°6
zd6'8 Cd6°L
7396 238" L
————- 130°Z
za9*s zar'¢

11Z-9d 61z-Wd

Tac v
£de” 1
13§
428
za8° 7
€IT* 1
1d46°C
£d9°'1
19 YA

a1 €

EC § 4
ALt
Zd9°6
za6°y
30”9
T30°¢C
¢39°1

N AALL

036°C
038"t
048° ¢
T3¢°8
1% KA 2
a6 1
0a9°¢
FACE: R
caz's
(3 £ 4
03¢e° 2
gat‘e
0d98° 9
£d1° 2
KA
046" S
5 R
036°2
eav°z
036" ¢
Z49*7
039°7
£d9° €
03G6° T
039°¢
13 Q4
0d9°6
€30°¢
cav*s
Td9*L
oat*e

v12-1d

0az°z 039°¢
049°¢ 0dL°¢E
039°Z 0dL'T
23T T ~T3L"6
£ILE AE3G7E
paE* T ~vAT1° 2
oy ¢ 0dS°C
zdg*L ZdB'9
€39°1T .£AT°T
EIT° € ~AL"T
————-= 0dE°Z
zav g .3l
0FE"L 030°L
€IL°T .£AV°T
pg0° 1 €31 L
036" L ~0d6°9
TAL"S ATAT®S
0dG*Z 0dL°T
€F0° € A£AL°T
035°C 036°Z
Zav" € AT30° ¢
odp*Z 03s°C
tav 'y €307V
0d6°€¢ 0d6°¢
036°T 0dL'T
TAZ‘v ATd6°¢
£A0°T ~£30°C
T41°T A1d0°'1
€d6°Z A£IET
2399 ~2d0°9
Z39°6 r739°8
0aIT"Z 0dT1°2

y1Z-ad 9ZZ-®d

Ta4y° €
~2dZ'9
AE3T° T
Y AC l el
,236° €
r2dS* 9
TdL° €
a0t
A¢ds8*9
+¢39° L
eck: a4

Zd%° 9

ATAG° 1
z4€°8
,¢d8°S
AZAL*S
138 v
Z40°€

geg-N

1avz
130°2
1922
142 €
1L T
186° T
199°2
148°2
18z ¢
Ay 1
13€° 1
141°2
1a0°2

ov-i

sTsdATeuy euwwed Kgq *(b/10d)
SUOT3LIJUBDUCY BPFTONUOTPEY a1dues TI0S 3IdeFIAINg

wisag

Ised

€21y T[2427 MO
3ods 30H
ajeor1dna

TTOS 33TYM §

oged

‘1

T
1
‘T
A
‘1

eaiy
ea1y
221y
woay
ealy
ea1y

peod byssnel, byd 2318-330
aseg ‘T w21y
aged ‘T waly
agueg ‘T eaiy
obpn1s jusaw3leal], IIVYORIT]
peoy IeaN L 9sed ‘T eaiv
wiag IwaN ‘Z vaiy

peoy JeaN 9 3seq ‘T wvai1y
wiag IeaN ‘z ea1y

abpnTs IFuaWled 1y IJeYORIT
17 waay
A31D yazed byg 2318-330
ajeoT1dng ‘7 waay

byg 3318-330
1eaN ‘z7 valy

1708 ¥oeTld S
1108 umoid §
peoy IeaN 9

aoejins

£31D y3zed
bp1g ueuwnys
91T1d T@ARID
bptdg uewnys
aTTd 19aRxD

wiag
wiag

wiag
so®v3JINg
PTd uRunys

PROY

189N
1eaN
1eaN
wiag
wiag
19N
1eaN
1eaN
peod
aean
wiag

a1dues

vaiy
ealy
r2IV
g3 1y
ea vy
va 1y
oy
ealy
va iy
valy
gaay

odds
4003
HOOKW
s00r
dooT
odds
03ds
J23ds
odds
Jads
odds
Jdds
100d
odads
I0ON
0ads
0002
Jdds
doot
odds
booy
1008
d00¥
A00S
J00d
J00H
I00N
2000
£000
NOO2
Ooot
2000

uof3vo01

£ 9alqeL

56




039°1
0d4s° 1
039°¢
03’1
030°¢
038° T
ode°?

Z1z-ad

rACY: R
£I1°2

T12-4ad

¢a9‘y
13 3 a4

6TZ-wd

zas 'y
£30°2

YA

038"t
19e° 1
03T° T
(11§ a4
0AT ¢
03s° ¢
€30 T
€d6° €
03L°Y
0de't
039°¢
0d9°¢

F1c-1d

TaL 1
036" £
0d0° €
041" ¢t
0dT*S
€3z° 1
€49y
0d%° €
032°S
03T° ¢
0dz" ¢

pic-ad

038 €
ATd6° T
pdE" T
039'¢
04T €
oav ¥
~E3T° 1
VA% YA
oatT vy
03E" T
pav° ¢
036° ¢

9zZ-®d

- —
e
- —
- —— it
——— -

YAt Y
\va.m

gez-N

307 butyied

T1%d
Je3aN
I1td
TTTd
TTYd

apIs
1ean

1eaN
Ised

‘1
1
‘T
‘1
‘1

T

‘1
1

ealy
pai1y
Baiy
ealy
a1y
B3aiy
a1y
221y
valy
ealy
eIy
g21y

1001
4994
200f
J00N
HZ 9N
J00X
JeL1
L1110
HZ 9N
HOO0d
23ads
T00I

uotT3edol

*qu0d £ 3alqeg

57



p1-£/4d v

006‘€ 000‘2S . 0T (1861) ®dezIng LITO
«-000°Z 00Z‘Le L {1861) @o®vzang PTIN
008‘T 00Z‘6¢ _ zZ8 (186T) 1T atToyaiog
0092 . 00T’ 9% 145 (186T) @dejins g9 aseq
000‘61 ¢ A 000°8LT 10T (T861) 9dejing g aseg
v°6 BEE 8T (086T) 3oejang g eaiy
88¢‘1 G60‘9 - GLI (086T) @®dejang Z eaiy
125 881 [ §4 (086T) T @TOYD10g T ®A1Y
14 L6S At (086T) 3dejans [ eaay
1°2 zZ8 B € (086T) @doejing [ eai1y
(862 -/+ TTY) (862 -/+ TTI¥) (8GZ -/+ TTV)
viz-ta T T T S Tdues
e L S LR dols (V.8 5 - T, 1 N, ——

Adoosoi1joads ewwed woij prz-1d
b 9TqeL

STSATeuy Testwayosoriped T10S

58



.

—--mme- ——c--- 03Z° ¥ 0dL'y  =====- 03p" Yy 049 ¥ oas'y  008'T ST
—————s mmmm— | mme=—s= mmeoms mmmoee 0d90°2 03%°T 03L°T 009 €1
———=m—= ——=-== 0AT*y  —====m  —mems 0as° T 031" 038°T 000°T 1T
———meme —————- 03z°8 049°€¢  —=—=——- 0d8°¢ oIz ¥ ods*€  008°T 60
mmmm s —————= 036°9  ~m=m==  Smemms 0dv* ¥ 0d6° ¥ 03L*% 000’E LO
————=-= mm———— 036°8  ——--— - mmmees 039°9 048°G 042°9  00€‘C S0
~—mmees ——==== L5 A S Taz° ¢ a1 13e*z  00¥‘T £0
s wmm=m= mmmmss mmmmes Smeeme £dL°8 £IE"G €30°L  000°05< (4]
I mmmme= mmsoms mmEees edv° T mummmwm\u LELIR pas°T  000°0s< 10
smm——- Pt | A e cay zag°L zap'g  000°06< 00

¢1Z-4dd 11Z-44 ov-a XA | gET-1] FTZ-Td v12-Ad 9zz-ed 1IeN 8801D yadaq
[6/10d] suoTleIjuU3dUOD aprIonuotped €4 @Toyaiog

—————— ———— TIZ' T  =mm—mm=  mmmme- 0421 086" T 03F°T 008°'T 9¢
-39 6 ——— 04T*9 ——m=mm  mmm——- 034Z° 2 036°7 oav'z 00¥V'T vE
1-32' Y ———— 0479 ——m=—=  m—m—e— 032°T 0d° T 0dc*T  00L Z¢
T-31°2 —— 040°§  —mmm=—  =mm——=  [-3¢°% —-=----  T-FE'V 00§ 0¢
T1-3L°G ———— 192°T ===m=--= ——===-  [-36°8 T-d%°8 I-AL°8 00€‘Y 82
T-3T1°€ —————— 04E*9 —==m== ——=e==—  T-39°S T-32°L T-d€"9 000‘T 92

—————— —————— 08G°T  ——=w=m= —=m===  T-E1°Z 1-38°2 T1-46°T  0ST X4

———— ————— 0d6°Z —====~ ——==—=  T1-30°6 1-30°F I-36°9 00§ A4
1-32° ¢ —————- 120°T  —=====  ===-==  T-3L°8 z-3p°L T-31°8 008 0Z
1-30°¢€ ———— 03E*E ==-m==  m————=  T-H0"8 0d9°T 0IZ*'T 008 81
1-96° € ————— 180°T ~==-== ———==- - 03€°T 0dzZ°T 03€"T 008 9%
T-3€°9 ———— 04L°6  —mmmmm  mme——— 0dL"T 036'T 03g*T 00€'T p1

——————— ————- A€ T  ——=mm=  ——mem- 0d9° T 032°2 046°T  00S‘T Al
T-4€°8 ————— 13€°T  -—---- —— 04z 2 oA z - o0d4€°Z 000‘C 0T
1-32°L —————— AP T  —mmm=m ——eme— 0dZ2°2 03€°2 pag z  002°‘Z 80

————— m———— TAT"T ~=——=—=  —=——-- 0FE" Y 036° € 046°€  00G'Y 90

—————— R 0d0'8  ~—mmm— mme——— T49'2  ——————- 1av°z  000‘0Z 60

—————— S et 13€°6 €I 1 €4Z° T €9€'T  000%05¢< vo

—————— 2A1°2  ———==- E3T"T  —=---- €48° ¥ £30°€ €30°Y  000°05< £0

—————— CAZ° Y ——mmmm  mmm—m—  m——mm=  CPAGTLD  VEAV'T y3z°Z  000‘0S< 20

-—————— ZAP'T mmmmm— mmem——e— zaL'1 246 2359 zas*L  000°08< 10

m——— ——mmmm mmmme—— m————- z49° T zZaL 't z39°1 149°T  000‘0S< 00

z12-9d T12-4d oy-¥  €Tz-od gez-n  py1Z-1d pTz-qd  9zZ-wd IeN 88019 yidaa
[6/710d] sSuoT3lewijuaduoc) IPTIdNUCTPEY ¢ @1oyaiod

¢ aTqel

gtsATeuy SI pur sijunod IeN 3TOH 19bny

59




1-32°6

¢1Z-qad

1-36°§
T-av*9
T-30° ¢
1-36°¢t
T3IT*Y
T-d48'¢

Z12-qd

-3a¥°S

I-3€° S

——— — =

-3 v

Z12~-dd

-

—— ——

11¢-qd

0d8° ¢t
13 T A |
Td6°6

T1Z2-94d

- -
-
- e
- — -
-
- -
- -

-

11Z-qd

T91° 1
03b" b
odao*y
03€" 9

op-A

[6/10d]

13g° T
T3s°1
Tae° T
099°9
1-39°T1
0IL" L
03s°8
030° L
03E" 6
03T L
04T ¥
039° ¢
048" €
039° ¢

oy-4

[b/1od] suoTjeijuaduod ApITdNUOTPEY

039° L
0358° 9
03€£°9
0302
0dZ*Z
0dar*9

1) A |

[6/10d] BUOT3IRIJUADUOD aprionuorped

0ar° ¢t

gez-ed

SUOT3BIJUIOUOD SPTId2nUOTPERY

I-30°'L
1-3€°8
T-30°6
T~-39°8
¢dg°6
Ta6°6

N AALD:

gzec-eyd

8€Z-0

039°1
T-359°6
T-d9° L
T-90° 4
I-da%°s
1-30°L
0411
1-39°9
T-30°8
T-3¥°8
0aL'T
0ds* ¢
0d8° T
032° 1
039°1
112
Tas*1
€ds°?¢
2ae’ 1

9zZ-ed

geZ-N

0d6° I
0d41° ¢
030 ¢
0IL" T

p12-1d

0dz°¢
1-36°6
TI-36° 6
1-3z*L
I-3z2° 7
I-31°8

0art”*
1-39°8
T-13°8
0dZ° T
0d9°1
038°¢C
036" T
pas° 1
0d9° 1
0aT1°?¢

T3°6
€AL T
caL 't

p1e-1d

T-30°9
1-arv°8
T-36°2
T-3L°8
T-94¢°¢
1-31°¢
T-3¢€°L

p12-1d

036" 1
0daL" €
036°C

t12-ad

036° 1
T-36°6
1-3L"8
1-31°L
1-38° ¥
T-3s‘L

0311
1-39°L
1-30°8

030° T

0aL T

aL*e

03L° T

0d%° 1

039° 1

048

zaz 1

gd1°¢

4 |

p1Z-ad

T-38°¥
0aT" T
I[-3L°¢E
041" T
1-3°L
I-3°¢
031" T

yi¢-qd

0dL T
0ap° €
0d6° 2
038° 1

9zZ-vd

Zag s

A

T-3a¥° G
T-dL°6
I-3€° ¢t
030° 1
T-30°S
T-36° ¢
T-30°6

9zc-ed

009’1
00L‘Z
008'T
008°T

00L’T
006°T
00€’T
00L
000°T
00Z°1
00T'T
008
00T’T
00b’T
006°T
009°2
006°'T
002°'T
00T‘T
006°'C
000°YT
000°05<
0004 05<
000*056<

000°‘T
006
009
00L
00s
00§
000°T

90
LAY
Z0
00

1eN sso0i19 yadag

G4 aToya10d

00

I1eN ss019 yadaa

v# arouyalod

L1

IeN 88019 yadaa

*quod ‘gg afoyaiod

‘uod ‘g atqel

60



T-3p°8
T-dL°y
1-3°4
1-2°8
1-3¢*8
I-36°V

. Z1Z-ad

.
-t 1 o
. e o
- —
— s e s
-tk o
- —— -
= —— o
- o -
——
- - -
- -

- — . — -

¢1z-qad

030°C

¢1Z-4d

o ——
—— —
-————
—— — - ——
—— ok
—— s i —
- —— - —
- — — -
- -y

[ Nt
- ———n =—
- — ——

T1Z2-ad

139°S
a1
gio*v
Tae° 1
Ta9° 1
T36° 1
az* 1

T1Z-ad

0d2°'¢

TT1Z-4d

Tap T
T41° 1
136 T
tag’ 1
141 T
191° 1
a1 1
03L*¥Y
0359
042° S

oy-A

[6/7od] suoTierjuaduo) 3Pt

035°'8
oIb* e

oy-A

(6/10d] SUOTIEIFUIDOUO

03T1°¢C
0aT'2C
0d0° ¢
036° ¢
0aL v
130° 1

ob-4

[6/70d] suofjeIjuU3dUO0

04T T
036° 1

- —— o

XA AL

0av° v
Td6° €
Ta0° ¢
3T v
T39°¢
1381
0418
T36° 1
140" ¢
o3y L

gZZ-ed

- — -
. ——
- — o -
- ——
P
—— i ———

— i —a

gze-ed

039°1
0411
T-32°8
0dtT' T
0de" 1
031" 1
031 1
03T T
1-32°6
03e° 1
(1] 8 A

97Z-®d

038°S
Zat° 1
zae’e
Td4e°9
T30° ¥
a1 ¢
1ae° 1
1at"e¢

3o’
0av 9

9zZ-®vd

gee-N

080°2
ay° 1
04€° T
pdT" T
03T° T
04z 1
0dT° T
037" T
03Z° T
0d6° T
040"V
y12-18
1onuotpeyd

03C* L
T31°6
z38°¢
TaEe° S
Tat' v
142°¢
TaL* T
14z°¢
Td0° ¢
0de*8

F1z-1d

5 epIIonUCTPRY

031" 1
0aT* 1
(1R 4
0de° ¢
pae v
0d0° 1

y1Z-1d

5 aptIonuotpeEd

048° T

032° 1
03T 1
031 T
03Z’T
03Z°1
03T" 1
03T T
031°T
03y 1
03L" €

y1Z-ad

03av°9
136°6
zd9’ ¢
148§
140° Vv
312
146° 1
0d1° 2
03s*e
0de* L

ytz-ad

1-38'9
1-30°9
0ZE°T
036°T
ode* v
039° 1

T_r ,:i", e T ———

geZ—~n

Tav'y
Td6° ¢
13a9° 1
T3z e

geZ~N

T-36'8
T-3¢€°8
038° T
0d1° 2
1C R 3
0IE' T

9zZ-ed

ooL'T
00b’1
000°T
009°T
00p’T
005’1
00%‘T
oov’Y
00T‘T
008’1
000‘Z

00T‘T
0092
000°9T
000°06<
000‘€EY
0004 06<
00092
000’9
006°‘€E
0o02’E
000°2
000°C

- — o ——

00S
00L
000°'T
ooL’T
000°'€
000‘T

*3U0d

00

1eN ssoi19 yidag
g4 aToyaiod

00

1eN sso1s y3idad
9§ 3Toyslod

81
91
ri
A
o1
80

I1eN sso19 y3idad
*3u0o ‘g @arToyaiod

‘G 9TqRL

61




0av°L

Z1Z-4d

T-3p°¢
T-31°¢

¢1Z-qd

T-4€°S
T-aL°v
I-30°S
I-db°t

PR

03T L

T12-9d

Tat'1
Tas* v
0d0*§

I1Z-94d

029° T
1a1°€

112-9d

Td4e° T 0d9*'¢ —————- 03zt s 039° ¥
—————— —————— —————— 039°8 0de* S
- —————— —————— tdZ” eIT' T
—_———— —————— £€d6°2 pIE" T ———————
—————— —————— caL L cav°v €6

0d9° ¢ T94z°¢ —————— ¢ao0° 1 139°9

ob-4 X AAL- S gEZ-N pTC-Td v1iZ-ad
[6/70d] suoTje1IjU3DUC) IPTIONUOTPEY

030° € 03L*e 030 ¥ 0919 03T°S

(1} YA 4 a1t T3¢ T 138° 1 T39° 1
————— T30° L TA0° 1 zae° 1 AT 1
————— —————— Ta4s° 1 Ta1° 1 TIE* T
—————— 036" € Td30° T ap° T T3Z'1
—————— —————— 81 0dE"8 03r°6
—————— —_———— 3° ¢ T9g8° T Tas°z
————— —————— [AC T A (ACS Al 4 cagy
—————— —————— zas*y caLte [4C E A 4

0d9° ¢ 0dy ¥ T48° 1 0326 av° 1

039° ¢ T-dv°6 0dL" ¢ 0dE" € 0as ¢

ov-i I X A4t 9zZ-¥d PIZ-1d P1C-dd
[B/10d]) sSuoFivIjUSIOUOD BPTIdNUOTPERYH

03G6°6 —————— dZ° 1 0d€° T 0dE°T

0dL°8 —————— 1-38°6 03¢’ 1 03T*'T
—————— ———— 030°1 040" T 030° T

0d6° ¥ ———— 1-30°L 1-3¢£°8 TaLs L

03T°8 ————— 030° 1 0dE° 1 031" 1

02°S§ —————— I-36°9 1-dG°6 1-d0°8
03aT*9 ————— 03z*'1 I-38°L T-38°6
odg*eg ——--- - T-39°§ I-3v°8 1-40°L
0dE*6 —————— 03Iv T 03e* T (1 SN §
132°1 —————— 03s° 9 11 F AN 4 03v°S

AT 1T 196° ¢ 1as° S Td9° S T39*S
—————— —————— 030°2 11 T 4 1} KA/

oy-3d £ZT-'d 9cZ~vd t1Z-Td y1Z-4d

[(6/10d] suoTirijuasuo) IpyIdNUCTPEY

036" ¥
030°L
€AL" T
pace' i
E39° ¢
Tav‘s

9ZZ-ey

036" ¥
13C°1
T3e°L

gee-n

000°22 S0

000‘0€ vo
000’ 06< €0
000 06< 20
000‘08< 1O
00008< 00

IeN s8so019 yadada

114 aToyaiog

004 LA
000°Z (A
008’1 0T
000°Z 80
005’V 90
000'€T S0
000°SE vo
000°05< t0
000 05< [4)]
000°‘S¢E 10
000°L 00

TeN ssoi1d yidag

0T¢ aTOYyalod

002°T (A4
000°T 0z
00E‘T 81
00T’T 91
00L LAY
000‘T 1
006 ot
000‘T 80
009 .90
000°Z v0
000°1T €0
00022 20
00P’T 00

IBN 88019 y3jdaq

64 aToyaiog

*3uod ‘g aTqel

orgtet!

62



I-36°9 ————— odaL* v ———— T-d46° 9 T-3€° 4 1-36°S ————— o0L LAY

T-31°2 ————— 030°§  =——==- T-EL'T === 1-aL*z —-=----- 00V A
—————— —————— 0d0*z ~-—--- T-EZ°C 1-d9°E 1-36'2 ------  00€ 1]8
—————— cmmmem mm—mme m=—=e- T-36°T 1-36°C 1-3ap'z -----— 00€ 80
—————— —————— 036°T ----~-- T-EL°T T-3A¥°T 1-39°z -—----- 047 90
1-38°1 —————— 03g’'T =----—- T-36°T T-AL"E 1-3¢°€¢  ==-——- 00¢ vo -
T-3€° 1T —————— 03€*z ~----—- T-dp°S T-8E°S 1-ay's —-----= 009 z0
——————— —————— pay'y ——----- 032" 1 03T T 03z°1 -~--—- 00L 00
Z1z-ad = 11Z-4d op-¥  €zz-ed  9ZTZ-®Y  bIZ-ld p1Z-ad gez-n IeN 88019 yadaea
[6/70d] SuoT31BIJU3IDUOD aprTonuotIpey LTI# @Toy2aod
——————— 196°T —--=-——- zas 1 149°2 16: kAR 4 Tav° € T4€°T 0009 61
——————— 146°1 ——---- 03T*9 14L°C 140°€ 196°7 =------ 000’8 81
—————— T39°2 0dL"S 139° T 1d¢° 8 T41°8 13z°8 ------ 000‘LE LT
——————— mmmmmm | mmmmme emmoes €42°6 €d1°9 €aL*L —---=---  000°0S< 9T
——————— et L bty patT 1 €469 €3z°'6 --—---  000706< 61
——————— z30°y == zay ¢ d0°9 zaL'y zav*s zag*€  000°05§< A
——————— 139°7  —==--- 1az L rac g Al rach A4 ract A4 Zdz°'T  000°0S< £1
038°C Zap*tT  ---—-- Z40°¢ z3ag°v z40*9 zd1°s Z36"T  000°0S< (A
1-36°8 Zay'1T —--—-- zaL 1 a1 € ZaAG" ¥y Z48° € zaL*t  000°'0S8< 141
——————— Tas°z 04€°2 146° L T30°S 1499 138°s ------  000°SE 0T
——————— 0as° S 0dT" ¥ 030°L T3€° 1 13L° 1 136°T -—---- 000’ST 60 ™
——————— —————- 0dL ¢t 038"V 132°1 136° 1T Tav° 1 142°T 000’9 80 0
T-42°8 130" --——-- T41°€ 1a1° € 146°S 148'y ------ 000’6 LD
——————— TAE" ¥ 03L°9 Td8° L Zd0° T zZav' 1 z4z°1 ------ 000°St 90
——————- 1aL° € 140° T 149°S 148°6 rACEI ¢ Z31° 1 195°9  000°8s¥ G0
——————— 139°1 040°S 130°2 Taz'y 136°S 130°S 198°Z 000°'€E€ ¥0
——————— 038°8 036" L 036°9 14671 1az°¢ 148°T ------ 00076 £0
——————a 03T1°9 042° 9 0dE b a1°t T49° 1 ay 't T3€*T 000’9 zo
Z1Z-ad 11Z-qd oy-¥ ¢€Zz-ed  9zZz-®d  plIz-1d y1z-ad gcz-n 1IeN sso1d uyidag
[6/70d] suof3zerjuaduc) 3Ipllonuoipey 974 @Toyaiog
————— e mmmmme | mmmmmm mme—e= m—eo—= Sososmss mEoTEE 000’02 60
——————— 048°S T30° 1 180°2 ~--=-=- 1421 136" 1 14€°'T  000°0C 80
—————— AT —=mm=— e 038° L 038" 8 pac*s  000°0Z Lo
—————— 1as*1 049y —-—--- 0IL*9 0dv L o3T°L 000‘0Z 90
z1Z-qd 112-ad ov-4  €Zz-®d gez-n  vIz-1d y1z-ad  9zz-®d IeN sso1d y3idad
+ {b/10d] SuoT3eIjUIDUGY aprIonuoiped squ0d ‘TT# 2Toyaiod

*3uod ‘g ITqeL




T-41°2¢
T-39°8
T-31°'8
T-31° ¥

Z1Z-ad

T-48°¢%

Z1Z-ad

Z1Z-ad

Tde° 1
42§34

R £ (- /

1T12-qd

—— o ——
-
——— e - —
- ————
——— -
- -
- ——
- -
- —— -
-

112-94

11Z-ad

T-3v°9
T-39°8
1-36°9
0Ic*y
136" 1
Zav e
TaL ¢
030°9
036° €
036° €
03E' T

v12-Qad

T-41°'L
VCR |
T-d0'9
0d6° €
TaL't
A S A"
Tas't
0dE"9
odz° ¥
0AE" ¥
0d%°T

T-dL*S
T-ar*9
T-30°L
(18 A
Tac e
Zap e
T36° ¢
038° S
035" €
03" €
0dE° T

04T —_—————
a6 ¥
0d1°9
038° L
T3¢’ 1
30T
Tae° 1
oav" v
0d9°1
of-A gecZ-ed 9zZZ-ed ANARY
[6/70d] SUOF3RIIUIDUOD aprIonuoTpeRy

0dE"S
AZ § A
1az*ez
0IE" T
0aT* 2

T-39°L
I-3L° 9
T-aL-L
T-3L°S
1-31°V
T-36°6
T~-3£°6

04€° T

030" T
T-32° L
I-3¢°6
1-35°9
T-3¢° €

0IT° 1

030" T

ode" 1

1-30°9
T-41°9
T-31°9
T~-36° ¥
1-38° ¥
1-38°8
1~-9¢°8

0dZ° 1

——— — - e ——

034° T
036°C
406°9
0d8°L

T-3z°L

t1Z-ad

ov-A giZ-ey 9z7-ed ANAdY:
[6/10d] SuoF3RIFU3DUOD BPTIdNUCTIDEY

039" T
036°8
03s° T
042° T

y12-dd

0IL'T
030°6
0481

03G6° T
020°8
odvy° I
03Z'1
ob-i geZ-2y 9zZ~-ed p1Z-1d
[b/10d] suoTjel1jualduU0) aprTonuotpey

036" 2

oIe° ¥
036°9
0IE" S
a3°T

TaL" T
T3z ¥
Tae* ¢

BEZ-N

- —— i
- -
- — -
——— -
- -
——— -
———— -
- -
- — - ——
-—— — -

geT-0

gee-N

009
009
000‘T
009‘P
000°'LT
000°0s<
00082
00%‘y
00T‘2Z
00L’T
000°T

I1eN 8so19 yidaa

002’1
000‘T
000°‘T
00T‘T
009

009

000’T
00T°'T
00S§'T
000°T

6T# @2TI04Y2109

00

1eN sso0i1s yidad

000‘T
000’€E
008

006°T

gT4 aroyaiod

91

—— -

1eN ssoi1n yidaa
*qu00 ‘.T% @Toyaiog

*3Juod

‘g aTqeL

64



—— o —— -

T-3L'9
T-36'8

z1Z-ad

1-39°¢
1-39°9
03T 1
0de°T

Z1z-qd

031" ¢

Taz 't
Taz 't
Ed46° T
[4C 5
Tat*e

11Z-44d

TaL 1
Ta6° ¢

T1Z-Ad

030° €
0aT €
03v* v
0dv°6
1ar°t
1a1°t
0d6°S
03E° €
039° 9
03z 8
0dZ° 6
04T*2Z
038°T

ov-3

[6/70d] suoFieijuaduo) apyIonUOTPRY

038°1
TaL°2
T3s° 1
036°6
0d0°9
03z"8
130° 1
038°9

oy-A

[6/710d] suofjeijuaduc) apTIdNUOTPEY

(11c8 -2
03L" 2
0dL’ €
03¢ ¢
L C §
031" 9
038°t
0d6°1
0dE"6
T36°7
zacg's
Taz'e
03T ¢t

IXxAL:

0d6°C
TIE'y
036" 9

gZZ-'d

046" S 0de" 8
6av ¥ 0a¥"9
0dZ° ¢ 031°L
0dL"S 03z L
03" 6 TIE° T
Tar 't Tas*t
0dE* L 0d8°8
0av* s 0az" 9
32° 1 T4L° T
130°2 Ta8°¢
Tas* ¢ Td9° ¢
T36° L TaL*9
gdL'E £d8°C
zas L cav.s
Tav*9 T30° 9
0d9° ¢ 0dz* S
03E° T 03e" T
0d¥° T 1-36°6
TaZ° 1 TIE* T
1aL*? Taz'y
9Z7-®d r1z-1d
T-av*9 T-3L'L
03T 1 03E°T
-————— 03E° T
038° 1T 036°T
030° T 0ao°t
0AT T 0dZ T
03AT'T 03r° 1
0aL" e —————
TaL 't 036°6
T39° L Tag*9
Tav't 038° €
9zZ-vd Piz-Td

036°9
93dL"S
031" 9
036°9
TaT° 1
Tde* 1
0a1"8

048°S

Tas° 1
Taz°¢
T39° €
13e° L
€34T ¢
Zd9*9
Taz*9
0a¥° S
03E" T
0d2°T
Tae" 1
Tar't

v1Z-ad

T-30°L
032° T
03¢ 1
036" 1
03s°'1
032°T
03€° T
0aL"T
13y 1

Taz L

0468

F12-4dd

0a9°§
039°S
TaZ' ¢
casty
L1
138" T
a1°e

RN ALY

gee-N

000‘€
00S‘€E
000*
000’8
000°0T
000°‘L
000‘L
00049
00E‘¥
000‘6
000°Z¢
000’ 08<
000‘05<
000 06<
000°'9Y
000°¢L
00E°T
00€°T
000°€T
000‘vt

—— o —

ieN ssoi19 yadaa

004§
00T‘T
00Z°T
009°'T
000°T
00L
006
ooz‘t
000‘6
000‘€T
000°071

IeN 8801

*3uod ‘g STqQRL

124 3Toyaiod

95 y3idaa
0Z# dTOYa10d

65




1-30°'8 —————- 0318 ————— T-dL° L T-39°8 1-31°8 T-36°8 00S°T 81

I-31° ¢ —————— 0d0° ¥ —————— 1-31°9 ————— 1-31°9 _————— 000‘T 9T
————— —————— Tde° T ————— I-31°L ——————— I-a1°L ————— 00T'T A
——————— - 0IL° € —————— —————— TI-dL°¢ I-3L°¢ _————— 00T Z1

1-38°¢€ —————— —————— —————— T-35*'% T-42°4 T~-36° ¢ —————— 008 . 0T
e 2 ————— ————— ————— T-3L°S T-ds*v T-91°S —————— 008 80
e m——— -————— 0a1°9 ——————— T-9€°9 -39°9 -3¢ 9 ————— 000°’T 90
———— are 03L°T 0ds*9 ——— 1-36°8 I-3¢°6 1-941°6 —————— 006°T b0

I-36*% —————— | m————— —————— 1-3¢*4 T-36°S 1-39°§ —————— 006 FA

1-39°9 ————— 0d8° L -————— I-3av°* L I-39*S T1-946°9 —————— 00Z'1 00

Z1Z=-q4d 11Z-94d ov-ia gzz-eyd 9zZZ-vd yIZ-1d y1z-dd g8gz-n IeN ssoid yaded

, [6/70d] suoyjeiju3dUOD apyIonuoypey 1€# aToyaiog
—— cavr t —————— FACE ™ zav*9 rACS AR zap*°9 ————— 000’ 06< YA
——— Zag° ¢t —————— zd6'2 2ag° L zav*9 zao° L ————— 000‘0s< v
-—————— za9*z —————— rAC {1 £d8° S £d8° S £d8°S —————— 000’ 05< (%4
—————— 03t 9 HE § A 04T Vv at-ez Td49° 1 T136° 1 —————— 000°%2 (A4
- _—————— 049° ¢ 0dG8° € Tat° 1 TI1° 1 TAT' T ———— 000‘0TY 1 %4
—————— T46° T 0dL* € T36°¢ TI0° € 130° ¥ T36° € -————— 000‘€ET 1] 4
—————— —————— 0d8* ¢ Td4Z* 1 3v° 1 Td0°2 T3L°T —————— 000’6 61
——————— —————— -—==== " 03T"9 136°1 130°¢ T48° 1 138° 1 000°'L 8T
——————— —————— 03tz 030°S 0Ir°9 odc°g oavy L 03E* L 00G’'€E LT
——————— Ta1°'1 030°2 T349°1 T46° 1 148°2 13e* ¢ —————— 000'8 9T
o e 130" T 0aL'E T3e° 1T TaL'1 Td36°C TdE°T —————— 000’6 ST
——————— - 038° ¥ 0IL ¥ T3T°1T ° 139°T TIe° T 0d1°6 000°'L P
- 031" 9 036° 2 046" 9 Ta1°1 T39°1 Tar° 1 T38° 1 000’"Y ET
——————— ———— 04T ¥ —————— 311 TIL° T 3y 1 - 000‘L (AN
——————— 03°9 0d8° ¢ 0deE° L T4Z° 1 138° 1 1d46° T - 00€E’Y 0T
- e 0d9°9 03L°¢E a1’ L oav°g T3e° 1 30°1 T30° 1 000‘S 80

T-30°L —————— 03t"9 odv°s 0de° L 140°T 0d6°8 03v°6 000‘S LO

1-39° ¢ 0dL* & 0d8°'t 0av°s 0dL*9 0gv 6 03T°8 ————— 006‘Y 90
—————— - 03s* 9 036°S 03g*g gz 1 131° 1T —————— 00G‘S ¥0

I-3L°9 —————— oaAT* ¢ 0dz°Z 036V 0de* 9 0d9°S - 00E‘® €0
——————— Td4S* T 0dT"'¥ T39° 1 196°2 Td4Z° € 138 ¢ T36° 1 000°‘TTL rAY)

I-39°S T3L°T 036" S T1d6° T 1238°¢ 138 ¢ I42° ¢ T30°2 000‘ET 10
—-——————— —————— 03L" ¢ 149°1 Ta1°2 TaL* e Tay*e ——————— 000°0T 00

Z21Z-qd I11Z-Qd oy~ gzZ~ed 9zZZ-8d v12-1d FIZ-ad gez-n IeN 88019 y3idaa

* [6/70d] Ssuofieizusduc) apylonuofpey ZZ# aToyaiog
| +3u00 ‘g arqel

66




PR

1-35°8 ———— 1yt ------ 1-36°6 T-dL°8 1-3€'6  --—---- 006'T 81
I-31°L —————— mme———e memees 036" 1 0dS° T paL*1 —=-----  008°T 91
——————— m———— mmme—— mmmees 0ay°Z paL"¢ 049°Zz --==-- 009'T v
1-30°9 ————— L2 E A S 036° 1 0IL" T 089°T —=--—— 009'T (A
——————— —————— T3T'T  mmmmes 035" 1 030°2 04T ------ 00L'T
T-38°¢ —————- 03Z°'8 ——=-—- 039° 1 03Z°7 036°T -——----- 00L’T 80
T-31°¢ mm————m mmmmes mommes 03Y° T 036° T paL 1 =-----  00L’T 90
——————— —mmmmm mmmmme semeee 0dz" ¥ 0d1°2 031°€ =----—--  O00E‘T v0
—————— R et 0dz" ¥ 031°C 03T°¢ ----=- 000’S £0
—————e 196° T 046° € 190°2 1aL*s atT v 136°¢  -~-——-  000’LT zo
——————— 196°9  ~=-=—-- 2311 7d9° 1 zar't zas¢'t ---=--- 000°0S< 10
——————— ————— 0322 030°C 130° 1 045" 9 odg°g8 ----—-  000°9T 00

Z12-ad 112-94 oy-M  €zz-ed  9zZ-ed  vIz-1d y1Z-ad ggz-n 1IeN sso1d ydag
. [6/10d] suof3ivizusdUO) aptTronuoIpey ZE$ aToya10d

o
—
67

m—————— c——ee= 0dZ'9 ==---—  030°T T-EAT'T 0IT*'T —-=---— O0E’T ve
—————e- ToTon Tt L. 1-@ets 1-apts T-artL ------ 00€°T (42
T-32°9 e amecee mmm-—- 1-@0°G¢ T1-38°¢  T1-36'¥y ----—- 003 0z

- —— - s - — - - b —— — i —— — - —— . ——— —— —— - —— - — - - - —— e i —

Z1Z-44d 11Z-9d ob-3 XA AL 9zZ-%d AYAEY:! | ANASRE gez-n 1IeN sso1d y3idag
[6/710d) 8suoT3eijuaduo)d apyIonuoTpey *quo0d ‘Tg# dIoyaiod

*qu0s ‘g 9Tqel

2 .
\ . >
S ot
e



Table 5, cont.

Borehole #2

Depth Nal CPM
ft
00 700
01 1,300
02 1,000
03 1,000
04 1,400
05 1,000
06 1,400
07 1,400
o8 1,300
09 1,200
10 1,000
11 700
12 800
13 800
14 1,200
15 3,500
16 11,000
17 2,500
18 1,400
19 1,000
20 1,000
21 80O
22 1,000
23 800
24 800
25 800
26 1,500
26 1,500
27 1,000
28 800
2% 600
30 600
31 500
32 700
33 1,000
34 1,000
35 1,000

Borehole #13

00 900
0l 1,300
02 800
03 600
04 700
05 400
06 500

Auger Bole Nal (Tl) Counts

Borehole #7

>50,000
>50,000
>50,000
23,000
7,000
3,600
1,300
1,000
1,000
1,100
1,000
1,100
1,200
1,400
1,200
1,200
1,400
1,500
1,700

——

Borehole #23

68

Borehole #12

. ——— e ———— —

1,000
1,500
1,300
2,000
3,000
3,500
1,500
1,000

_____
_____
—————
—————
-----
_____
_____
—————
_____
—————
-----
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Table 5, cont.

Borehole #13

Depth Nal CPM
ft .
07 400

. 08 700
09 1,000
10 900
11 600
12 600
13 900
14 600
15 500
16 600
17 700
18 1,000
19 800
20 900
21 800
22 800
23 700
24 900

Borehole #25

00 1,200
01 1,900
02 1,800
03 2,600
04 - 2,400
05 2,200
06 12,000
07 19,000
o8 5,000
09 1,900
10 1,700
11 800
12 1,100
13 800
14 500
15 700
16 800
17 500
18 500
19 700
20 400
21 400
22 400
23 400
24 900
25 1,000
26 600

Borehole $#23

——— — -

01
02
03
04
05
06
07
08
0%
10
11
12
13
14
15
16
17

Borehole #24

- e e —— — ———

h . Nal CPM

1,000
1,000
300
700
1,000
1,800
1 ,200
1,500
700
600
500
1,000
900
1,500
800
500
500

Borehole #27

——— - — =
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le 5, cont.

Borehole $#25

Borehole %26

Borehole #29

70

———— ——

—— i —

Borehole %27

—————
_____
_____
-----
—————
_____
_____
-----
_____
-----
_____
-----

1,100
600
80O
700

1,000

1,200
800
300
250
400
500
700
600
500
400
600

1,200
500
300
300
600
500
400
400



Table 5, cont.

Borehole #33 Borehole $#34 Borehole #35

Depth Nal CPM Depth Nal CPM DeptH Nal CPM
ft ft ft
01 1,900 01 2,600 0l 10,000
02 1,200 02 1,300 02 38,000
03 800 03 1,400 03 >50,000
04 700 04 1,000 04 >»50,000
05 600 05 1,500 05 22,000
06 1,000 06 1,500 - 06 22,000
07 1,000 07 - 1,000 07 1,500
08 800 08 400 08 1,500
09 800 09 300 09 800
10 500 10 400 10 700
11 500 11 500 11 700
12 400 12 800 12 600
13 300 13 700 13 00
14 00 la 500 14 1,100
15 400 15 600 15 1,400
16 500 16 900 l6 1,400
17 900 17 600 17 800
18 8900 18 700 l8 700
19 1,000 19 1,300 19 600
20 1,100 20 800 20 600
21 800 21 400 21 600
22 800 22 300 22 700
- me——— 23 300 -— mm———
Borehole #36 Borehole #37 Borehole #38
01l 1,200 01 1,500 01 7.000
02 700 02 1,400 02 7,000
03 SC0 03 1,100 03 8,000
04 1,600 04 1,100 04 12,000
05 1,800 05 1,200 05 22,000
06 2,500 06 1,500 06 »50,000
07 5,000 07 1,700 07 »50,000
08 1,700 08 800 08 >50,000
09 1,000 09 800 09 >50,000
10 : 800 10 800 10 >50,000
11 900 11 1,000 11 >50,000
12 700 12 1,600 12 21,000
13 700 13 1,400 13 7,000
14 800 14 1,500 14 5,000
15 500 15 1,700 15 1,600
16 500 16 1,900 1lé6 1,000
17 600 17 1,800 17 1,000
18 S00 18 1,400 18 600
19 800 1o 900 19 800
20 700 - 20 1,000 20 600
21 600 21 1,500 21 400
-— mem—— 22 600 22 700
-— eeea- 23 600 23 1,000
e emee— 24 500 _—  meee-
71
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Table 5, cont.

Borehole #39

- ——

3,000
11,000
4,000
1,900
1,000

Borehole #40

72

Borehole #41

1,400
1,400
1,200
1,500
1,900
1,200
700
600
700
1,000
1,000
1,300
1,000
600
600
600
500
500
200
200
300
300
300
500
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Side-By-Side Radon Flux Measurements,
Accumulator versus Charccal Canister Methods

Table 9

Location

e - Y ——— — ———— —— =

Base
Base
Base
Base
Base
Borehole 3

TOOP (Area 2)

Earth City

Taussig Road

Base 4

Borehole 2

Ml0G(Area 1)
Ml10G(Area 1)

Base 6 ’

01d St. Charles Rd
M10G(Area 1)
M10G(Area 1)

20' W of Borehole %20
Base 8

20" W of Borehole 220
O00M(Area 1)
O00M(Area 1)
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Charcoall
Canister

pCi/sq.m-2
400

680
170
2.1
2.4
50
30
0.9
0.8
180
<0.5
22,2
13.4
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Results of Chamical Analyses of
Nest Lake Landfill

7 July 1981

Pargreter Units WIP® PH-2° PH-13" E8-25° BT BH-X5C
Antimony my/Kg 0.077 0.268 0.325 0.355 0.218 2.0
Arsenic my/kg 0.62 6.0 7.0 2.0 4.0 1.0
Beryllium mg/kg 0.038 0.12 0.24 0.18 0.20 0.14
Cadmi um my/kg 0.052 2.2 2.3 2.27 4.0 37.5
Chrami um my/kg 1.41 40.9 34 7.0 26.2 215
Copper mg/kg  0.459 1039 88 23,2 131.6 356
Cyanide mg/kg 0.10 0.028 0.12 1.61 0.376 0.97
aead mg/kg  19.7 356 431 49.0 251.6 1450
Mercury mg/kg 5 .22 0.36 0.14 0.10 0.84
Nickel my/kg 3.00 20,0 45.1 1.3 4 218.0
Selenium mg/kg 0.12 1.6 1.2 1.2 1.2 0.9
Silver my/kg 0.134 0.580 0.369 0.165 0.264 0.409
Thallium mg/kg 14,0 10.0 2.0 <0.1 0.6 3.5
Zinc my/kg 41.4 246 270 180 89 2395
* WIP - Waste treatment plant leachate sludge

BH-2 - Auger hole 2, Area 2

BH-13 - Auger hole 13, Area 2

BH-25 - Auger hole 25, Area 1

BH-31 - Auger hole 31, Area 2

BH-35 - Auger hole 35, Area 2
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SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYS1S
CLIENT West Lake

CLIENT 1.D. W.T.P. (NPLES) -~ pATE® SAMPLE RECEIVED é July 1961

- C 1.D. #569 - DATE ANALYSIS COMPLETED _ 16 Jhlv 195]

ACID COMPOLNDS

pl

2,4,6-trichlorophencl . ND
o~chloro-n—cresol ND
2-chlorophenol ND
2,4-dichlorophencl ND
2,4~dimethylphencl D
2-nitropherol ND
4-nitrophenol *
2,4-dinitropherol *
4,6-dinitro-o~cresol ND
pentachlorophenol ND
phenol : B.1

ND - Less than 1 pg/1

* - Less than 25 ¥g/1

*+ . Less than 250 vg/l

85



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIENT West Lake

]
DATE SAMPLE RECEIVED 6 July 1981

CLIENT I.D.__ W.T.P. _ (NPLES)
RC I.D. £569 DATR ANALYSIS COMPLETED 22 July 1981
BASE/NEUTRAL COMPOUNDS
gu-72% rasl
acenapht hene ND nitrobenzene ND
benzidine — kel N-nitrosodimethylamine okl
1,2,4-trichlorcbenzene ND N-nitrosodiphenylamine akad
hexachlorobenzene - ND N-nitrosodi-n-propylamine e
hexachloroethane ND bis (2-ethylhexyl)phthalate *
bis (2-chlorcethyl}ether ND butyl benzyl phthalate ND
2-chloronaphthalene ND di-n-butyl phthalate ND
1,2-dichlorcbenzene ND di-n-octyl phthalate ND
1,3-dichlorobenzene ND diethyl phthalate ND
1,4-dichlorobenzene ND dimethyl phthalate ND
3,3 ~dichlorobenzidine * benzo (a) anthracene ND
2,4-dinitrotoluene okl benzo(a)pyrene — ND
2,6~dinitrotoluene * benzo(b) f1uoranthenel ND
1,2-diphenylhydrazine ND benzo (k) £uoranthene! ND
fluoranthene ND chrysene ND
é~chlorophenyl phenyl ether ND acenaphthylene ND
4-bramophenyl phenyl ether ND anthracene ND
bis (2-chloroiscpropyl)ether » benzo (9.h.i.) perylene »
bis (2-chloroethoxy)methane ND fluorens ND
hexachlorobutadiene ND phenanthrene ND
hexadmlorucyclq:entaéiene * dibenzo (a,h)anthracene *
isophorone ND indeno(l1,2,3~c,d) pyrene ND
naphthalene’ ND pyTene ND
bis {(chloranethyl) ether = e 2,3,7,8-tetrachlorodibenzo-
p-dicxin —_
RD -~ Less than 1 ug/l
* -~ Less than 10 pg/1
- Less than 25 ug/1
1Benm(b)f]t.t:u'amt.henue and benzo (k) fluoranthene could not be reaolved, values reported

indicate the sum of both compounds,
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SMARY OF ORGANIC PRICRITY FOLLUTANT ANALYSIS

CLIENT West Lake

CLIENT 1.D.  W.T.P. (NPDES) DATE SAMPLE RECEIVED
RC 1.D. #569
PESTICITES

pa/l
aldrin ND a-BHC
dieldrin ND b-BC
chlordane ND 4-BHC
4,4'-DOT ND g-EC
4,4'-DDE ND PCB - 1242
4,4'-TDD ND PCB - 1254
endosulfan 1 * FCB - 1221
endosulfan II * FCB ~ 1232
endosulfan sulfate * PCB ~ 1248
endrin * PCB - 1260
endrin aldehyde * PCB - 1016
heptachlor ND toxaphene

heptachlor epoxide

»

87

6 July 1981

DATE ANALYSIS OOMPLETED 24 July 1981
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*
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SMMARY OF ORGANIC PRIORITY POLLUTANT ARALYSIS

CLIINT West Lake

CLIENT 1.D. W.T.P. (NPLES) DATE SAWPLE RECEIVED 6 July 1981
RC 1.D. w569 DATE ANALYSIS COMPLETED S August 1981
VOLATILES
¥9/1 ¥/l

acrolein * 1,2-dichloropropane ND
acrylonitrile kol .‘u,1"_--¢!ichlt:u:c»‘:»rc:[.w,,(lerne:l : *
benzene 2.0 ethylbenzene ND
carbon tetrachloride il methylene chloride 15.6
chlorohenzene __N methyl chloride :
1,2-dichlorocthane ND methyl bromide *
1,1,1-trichloroethane ND bromoform ND
1,1-dichloroethane ND dichlorabromomethane ND
1,1,2-trichloroethane ND trichloroflucramethane 2.3
1,1,2,2-tetrachloroethane ND dichlorodifluorcmethane *
chloroethane * chlorodibramomethane ND
2-chlorovthylvinyl ether r tetrachloroethylene ND
chloroform 4.3 toluene 1.8
1,1-dichloroethylene ND trichloroethylene ND
1,2-trans-dichloroethylene - vinyl chloride *

ND - Less than 1 ug/l
¢ = Less than 10 ug/1
** - Less than 100 ug/l

values repoit

cate the sum of both

1 . .
s 3I~cis~dichlorapropylene and 1, 3—=trans-dichlor lene could not be resolved
: ed Ind . m.ﬁqy !



SUMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS
CLIENT West Lake

CLIENT 1.D. BH-2 (NPDES) . DATE SAMPLE RECETVED 6 July 1981

NC 1.D. #570 ___DATE ANALYSIS COMPLETED 16 July 1981

ACTD COMPOLNDS

e ——————— . _ﬁw— b |

772
2,4,6-trichlorophencl ND
o~chloro-p-cresol ND
2~chlorophenol ND
2,4-dichlorophenol ND
2,4-Gimethylphenol ND
2-nitraphenol ND
4-nitrophenol *
2,4-dinitrophercl *
4,6-dinitro-o~cresol }D
pentachlorophenol ND
phenol 7,8

ND - Less than 1 yg/1
®* - Less than 25 ug/1
*t - Less than 250 ug/1

B9



NT

SUMMARY OF ORCGANIC PRIORITY POLLUTANT ANALYBIS

CLUNTE West Lake

CLIENT I1.D. -2 {NPTES)

R 1.D. #5720

acenaphil b

benzidine
1,2,4-trichlorobenzene
hexachlorobenzene
hexachloroethane
bis{2-chlorcethyl)ether
2-chloronaphthalene
1,2-dichlorabenzene

1, 3Hdichlorobenzene
1,4-dichlorobenzene
3,3'~dichlorocbenzidine
2,4-dinitrotoluene
2,6~dinitrotoluene
1,2-diphenylhydrazine
fluoranthene
4~chlorophenyl phenyl ether
4bramophenyl phenyl ether
bis(2-chloroisopropyl)ether
bis(2-chloroethoxy)methane
hexachlorobutadiene
hexachloroecyclopentadiene
isaphorone

nahthalene!

bjs (chlorancthyl)ether

M - Less than 1 g/l
¢ - Less than 10 g/l
** - less than 25 ug/1

DATE SAWPLE RECEIVED_ , 6 1y 198)
DATA ANALYSIS COMPLETED 22 July 1981

BASE/NEUTRAL OOMPOUNDS

172
—i__

—np
— N0
—
N >
—
—DND
—
—t

*w

—
N
—_—
—
i
—R
—i
—aR
—2___
-0

ik

——————

nitrobenzene
N-nitrosodimethylamine
N-ni trosodiphenylamine
N-nitrosodi-n-propylamine
bis (2~ethylhexyl) phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo(a) anthracene
benzo(a)pyrene

benzo(b) f ll.lorant.henel
benm(k)flmrantheml
chrysene

scenaphthylene

anthracene

benzo (g.h.i.) perylene
fluorene

;henant".hrene

dibenzo (a,h)anthracene
indeno(l,2,3-c,d) pyrene
pyrene
2,3,7,8-tetrachlorodibenzo~

pdioxin

"Henzo(b)flmrant.hau and benzo (k) fluoranthene could not be resoclved, values reported
indicate the sum of both compourds,



SUMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS
CLIENT West Lake

CLIENT 1.D._ BH-2 _ {NPLES) DATE SANPLE RECEIVED & July 1981

heptachlor epoxide

RC I1.D. #570 DATE ANALYSIS OOMPLETED <44 July 1981
| ]
PESTICTORS

pA BnAa
-aldrin » B *
dieldrin ND b-BC ND
chlordane ND a=RiC . "
4,4'-pOT ND g-B{C ND
4,4'-DOE ND FCB - 1242 ND
4,4'-00D ND FCB - 1254 ND
endosulfan I * FCB - 1221 ND
endosulfan 1T * FCB - 1232 ND
endosulfan sulfate * KB - 1248 ND
endr in * FCB -~ 1260 )
endrin aldehyde * FCB - 1016 ND
heptachlor ND toxaphene ND

91




SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

CLIINT 'Nes_t-__l.ake

CLIENT 1.D.__ BH-2 (NPDES) DATE SAMPLE RECEIVED__ 6 July 1981

RC 1.D. LELY DATE ANALYSIS COMPLETED 5 August 1981

) VOLATILES
pa/l

acrolein e 1,2-dichloropropane
acrylonitrile ** 1, 3-4!it:hlc:or1:11:>rt:x|:!_yleﬂe1
benzoene 1.4 ethylbenzene
carlon tetrachloride * methylene chloride
chlorabenzene — 1.9 __ methyl chloride
1, 2-dichlorocthane 7.1 methyl bromide
1,1,1-trichlorocethane ND bromform
1,1-dichloroethane ND dichlorobramomethane
1,1, 2-trichloroethane ND trichlorofluoromethane
1,1,2,2-tetrachloroethane dichlorodifluoramethane
chloroethane * ghlorodibramomethane
2-chilorouthylvanyl ethor ND tetrachloroethylene
chloroform 6.2 toluene
1,1-dachlorocthylene ND trichloroethylene
}, 2-trans-dichloroethylune 3.4 vinyl chloride

ND - Less than 1 ug/kg
* - Jess than 10 wg/kg
t+ - Less than 100 vg/kg

)}, 3cis-dichloropr

Values reported indicate the sum of both

92

Jene and 1,3-trans-dichlorcpropylene could not be resolved,




SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS
CLISNT West Lake '

®NC I.D. 4571 DATE ANDLYSIS COMPLETED 16 Julv 198]

ACTD COMPOLNDS

74
2,4,6~trichlorophenol ND
o~chloro-s—cresol ND
2-chloropherol ND
2,4=dichlorophencl ND
2,4-dimethylphencl D

- 2=-nitrgpherol WD
4-nitrophenol *
2,4-dinitrophenol ND
4,6-dinitro-o~cressl ND
Fentachlorophenol 1D
phenol 2.6
- Less than 1 yg/1
* - Less than 25 vg/l
* - Less than 250 g/l

93



SUMMARY OP ORGANIC PRICRITY FOLLUTANT ANALYSIS

CLINT West Lake

CLIENT I1.D. BH-13

{NPLES)

DATE SAMPLE RECEIVED

RC 1.D. #571

acenapht beiwe

bonzidine
1,2,4-trichlorabenzene
hexachlorobenzene
hexadhiloroethane

bis (2-chloroethyl)ether
2-chloronaphthalene

1, 2-dichlorobenzene

1, 3-dichlorobenzene
1,4~dichlorabenzene

3,3 -dichlorobenzidine
2,4-dinitrotoluene
2.6~dinitrotoluene
1,2-diphenylhydrazine
fluoranthene

4-chlorgphenyl phenyl ether
4brarophenyl ;hehyl ether
bis (2~chlorolscpropyl) ether

bis (2=chloroethoxy)methane
hexachlorobutadiene

hexachlorocyclopentadiene
isophorone

najhthalone !

bis (hlorancthyl) ether

ND - Less than 1 g/l
* -~ tess than 10 pg/1
% . Less than 25 pg/l

6 July 1981

DATA ANALYSIS COMPLETED 22 July 1981

BASE/NEUTRAL COMPOUNDS

J

»
»

8

8

»

»

8

&

8

8

»

l‘
]| =

»

8

*

nitrobenzene
N-nitrosodimethylanmine
¥-nitrosodiphenylamine
N-nitrosodi-n—propylamine
bis {2-ethylhexyl)phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo (a) anthracene
benzo(a)pyrene

benzo(b) flu:u'ant.henel
henzo(k)flmranﬂmeml
chrysene

acenaphthylene
anthracens

benzo (g.h.1i.} perylene
fluorene

phenanthrene

dibenzo (a,h)anthracene
fndero (1,2, 3-c,8)pyrene
pyTene
2,3,7,8-tetrachlorodibenzo-

p-dioxin

i

l

lllenmtb)flmrantm and benzo (k) fluoranthene could not be resclved, values reported
indicate the sum of both compounds.



SKMARY GF ORGANIC PRIGRITY FOLLUTANT ANALYSIS

CLIENT West Leke

CLIENT 1.D. BH-13 - (NPDES)
NC 1.D. #571
PEITICIDES

_ pa/l
aldrin » B
dieldrin * b-BHC
chlordane ND &-BHC
4,4'-D0T » g-BIC
4,4'-DDE * FCB - 1242
4,4'-m0D . PCB - 1254
endosulfan I * FCB - 1221
endosul fan 11 * PCB - 1232
endogulfan sulfate » PFCB - 1248
erdr in * PCB - 1260
endrin aldehyde » FCB - 1016
heptachlor * toxaphene
heptachlor epoxide *

95

DATE SNWLE ReCEIVED 6 July 1981

DATE ANALYSIS COMPLETED 24 July 1981

143
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SIMWARY OF ORGANIC PRIORITY FOLLUTANT ANALYSIS

CLIENT . West Lake

CLIENT 1.D._____HH-13 {PDES) DATE SNMPLE RECEIVED__ £ July 1981

RC 1.D. 4573 DATE ANALYSIS COMPLETED_ § Auet 1981
VOLATILES

py/1
acrolein —_—r 1,2-dichloropropane
acrylonitrile o 1, 3-dichloropropylene!
benzene ND- ethylbenzene
carbon tetrachloride * methylene chloride
chlorobenzene N methyl chloride
1,2-dichloroethane ND methyl braomide
1,1,1-trichlorocethane ND bramoform
1,1~dichloroethane ND dichlorobromame thane
1,1,2-trichloroethane N trichloroflucramethane
1,1,2,2-tetrachloroethane ND dichlorodifluoramethane
chloroethane * shlorodibromome thane
2-chlorovtlylvinyl ether ND tetrachloroethylene
chlorofonn 2.8 toluene
1, l-dichloroethylene o] trichloroethylene
], 2-trans-dichloroethylene ND

ND - less than ] ug/ kg
* - Less than 10 wg/ kg
** - Less than 100 yg/kg

ll,kis—didnlor, ropy
values reported

96

vinyl chloride

lene and 1,3-trans-dichloropropylene could not be resolved,
1cate the sun of both campounds.
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CLIENT West Lake

cLIDvT 1.D,_ _BH-25  (PDES) DATE SAPLE RECETVED

RC 1.D. #572

6 July 1981

DATE ANALYSIS COMPLETED__

ACTD COMPOUNDS

2, 4, 6-tr ichlorophanol
o—chloro-m-cresol
2-chlorophenol
2,4-dichlorophenol
2,4-dimethylphenol
2-nitrophenol
4-nitropherol
2,4-dinitrophenol
4,6-dinitro=-o~cresol
pentachlocophenol
phenol

ND - Less than 1 pg/1
* - Less than 25 »g/1
*s - Less than 250 »9/1

97

f

g\g

i

»

i

wn
N
[¢+]
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16 July 1981



SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIINT West Lake

CLIINT 1.D,  BH-25 (NPDES) DATE SAMPLE RECEIVED © J’ul;r 1961

RC 1.D. #572 DATA ANALYSIS COMPLETED 22'July 1981

BASEANEUTRAL COMPOUNDS
pa/L pa/l
acenapht L ND nitrobenzene —_—
honzidine bk N-nitrosodimethylamine L
1,2,4-trichlorobenzene ND N-ni trosodiphenylamine holel
hexachlorobanzene ND N-nitrosodi-n-propylamine ol
hexachiloroethane * bis (2-ethylhexyl)phthalate 3.5
bis{2~chloroethyl) ether * butyl benzyl phthalate *
2-ctiloronaphthalene ND di-n=butyl phthalate ND
1,2-dichlorabenzene ND di~n-octyl phthalate ND
1, 3dichlorobenzense 1D diethyl phthalate ND
1,4-dichlorabenzene ND dimethyl phthalate ND
3, ¥ =dichlorabenzidine * benzo(a) anthracene ND
2,4-dinitrotoluene -t benzo(a}pyrene *
2,6-dinitrotoluene » benzo(b) f 1u:>mnth|ene:l *
1,2-diphenylhydrazine ND benzo(k)flmtanthenel *
fluwranthene ND chrysene ND
4-chlorophenyl phenyl ether . acenaphthylene ND
4-brazophenyl pheny) ether * anthracene ND
bls(Z-chloroiscpmp.'yl)ether * benzo (9.h.i.) perylene *
bis{2-chloroethoxy)methane - fluorene ND
hexachlorcbutadiene * phenanthrene ND
hexachlorocyclopentadiene * dibenzo (a,h)anthracene kel
isophorone * indeno(1,2,3-c,d)pyrene *
naphthalene’ ND pyrene ND
Lis (chlorancthyl) ether w 2.3,7,6-tetrachlorodibenzo-
p3ioxin bkl

ND - Less than 1 ug/1
* - Less than 10 ug/1
** - less than 25 pg/l

lnenm(b)nmranum and benao (k) fluoranthene could not be resclved, values reported
inlicate the sum of both compounds. .



SUMMARY OF ORGANIC PRICRITY FOLLUTANT ANALYSIS
CLIENT West Lake

CLIENT 1.D,__ BH-25 _ (NPTES) DATE SAMPLE RECEIVED 6 July %81
RC 1.D. #572 DATE ANALYSIS COMPLETED_ 24 July 1981
PESTICTDES
pall
aldrin’ . B »
dieldrin ND bR ND
chlordane ND &-Rc *
4,4'-pOT ND g-BC ND
4,4'-DOE ND FCB - 1242 ND
4,4'-00D ND FCB - 1254 ND
endosulfan I . FCB - 1221 ND
endosulfan 11 * PCB - 1232 ND
endosulfan sulfate * PCB - 1248 ND
endrin ol PCB - 1260 ND __
endrin aldehyde * PCB - 1016 ND
heptachlor ND toxaphene ND
*

heptachlor epoxide

Less than 1 yg/1
Less than 10 g/l

29



SUMMARY OF ORGARIC PRIORITY FOLLUTANT ANALYSIS

CLIENT West Lake

»
¥

DATE SAMPLE RECEIVED & Julv 196

CLIENT 1.D. B-25 {NPDES)
RLC 1.D. #572 DATE ANALYSIS COMPLETED _ 5 Aucust 1981
VOLATILES
pa/d ¥/l

acrolein bk 1,2-dichloropropane _ N
acrylonitrile . 1, 3-(5ic:hlc:u't:;:u:c:p‘{leﬂe1 R
benzene 1.1 ethylbenzene ) P
carbon tetrachloride * methylene chloride 11.4
chlorobenzene N methyl chloride *
1, 2~dichloroethane 5.4 methyl bramide *
1,1,1-trichlorocethane ND bramoform ND
1,1-dichloroethane ND dichlorobromomethane ND
1,1,2-trichloroethane ND trichlorof luoramethane *
1,1,2.2-tetrachloroethane dichlorodifluoromethane *
chloroethane * ghlorodibrommethane ND
2-chloroutlylvinyl ether ND tetrachloroethylene 48,4
chlorofanu ND toluene 45,3
1,1-dichloroethylene * trichlorcethylene 4.4
1, 2-trans-dichlorcethylene 23.1 vinyl chloride *

ND - Less than 1 ug/ kg
* ~ Less than 10 vg/ kg
*¢ - Legs than 100 yg/kg

ll,kis-didmlorc?rcpylm and 1,3-tr

values reported

ans-dich
ndicate the sum of both

lorgpropylene could not be resolved,

conpounie



SUMMARY OF ORGANIC PRICRTTY POLLUTANT ANALYSIS
CLIDNT West Lake

CLIENT 1.D,_ BH-31 (NPFDES)  DATE GANPLE RECEIVED 6 July 1981

BT 1.D. #4573 DATE ANALYSIS COMPLETED 16 July 1981

[
'

ACID COMPOLNDS

e

pa/l

2,4,6-tr ichlorophencl .
o—-chloro-e—cresol ND -
2-chlorophencl 26.0
2, 4-dichlosophenol ND
2,4-dimethylphenol ND
2-nitrophenol ND
4-nitrophencl .

2, 4~dini trophenol *
4,6-dinitro~o~crescl ND
pentachlorophenol - ND
phenol 2.6

ND - Less than 1 yg/1
* - Less than 25 »g/1
#* . Legs than 250 wg/1

101



SUMNARY OF QRGANIC PRICRITY POLLUTANT ANALYSIS

CLUNT West Lake

CLIENT 1.D.

B-31  (NeoEs)

DATE SAMPLE RECEIVED

R 1.D. #573

acenapht tweix:

benzidine

1,2, 4-trichlorcbenzene
hexachloraobenzene
hexachloroethane

bis (2-chloroethyl)ether
2-chloronaphthalene
1,2-dichlorabenzene
1,3-dichlorobenzene
1,4-dichlorcbenzene
3,3'dich)orobenzidine
2,4-dinitrotoluene
2,6-dinitrotoluene
1,2-diphenylhydrazine
fluoranthene
é-chlorophenyl phenyl ether
4-branophenyl phenyl ether
bis {2-chloroiscpropyl)ether
bis (2«chloroethoxy)methane
hexachlorabutadiene
hexachlorocyclopentadiene
isophorone

najhthalene'

bis (chlorancthyl)cther

ND - Less than 1 pq/1
® = Less than 10 pg/1
** -~ Less thon 25 ug/1

l'Elemr:;(h) fluoranthene and benao (k) fluoranthene could not be r

6 Uuly 1981

DATA ANALYSIS COMPLETED 22 July 1981

BASE/NEUSTRAL COMPOUNDS

9/l
—ln_

—_—
—0
N s
SEES . |» B
—l
—nD
—tl o .
—
—
-

LA
—h
—_—l
—Ne
—_—
—
—_—NR .
—tl
-—ND __
—_—
-—iNn
—XND

L 2
——

inlicate the sum of both compounds.

nitrobenzene
N-nitrosodimethylamine
N-nitrosodiphenylamine
N-nitrosodi-n-propylamine
bis {2-ethylhexyl)phthalate
butyl benzyl phthalate
ai-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate

benzo (a}anthracene
benzo{a)pyrene

benzo (b} £ luorant.henel
bnenz:.(lu)flu::u'ant:.l“bene1
chrysene

acenaphthylene |
anthracene

. benzo (9.h.i.} perylene

fluorene

phenanthrene

éibenzo (a,h)anthracene
indero (1,2, 3-c,d) pyrene
pyrene
2,3,7,B-tetrachlorodibenzo~

p-diaxin

e

[
-

CRCACRGRACRER R R E

]

»

8

8

| ]

8

8

[:

esolyed, values reported



TERECOREE W

SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT 1.D. BH-31 . (NPDES) DATE SAMPLE RECEIVED 6 July 1981

RC 1.D. #573 DATE ANALYSIS OXMPLETED 24 July 1981
PESTICTIOES

rA -T2
aldrin ND a-BC *
dieldrin ND b-BiC ND
chlordane ND &-BHC B.5
4,4'-DDT ND g~-BHC ND
4,4'-DDE ND FCB - 1242 ND
4,4'-00D ND PCB - 1254 ND
endosulfan 1 » FCB - 1221 ND
endosulfan 11X * FCB - 1232 ND
endosulfan sulfate R FCB - 1248 D
endrin * PCB - 1260 D
endrin aldehyde * FCB = 1016 ND
heptachlor ND tooaaphene 4D

w

heptachlor epoxide

103



SUMMARY OF ORGANIC PRIORITY POLLUTANT ANALYSIS

‘ND - Less than 1 y9/kg
* - Legs than 10 vg/kg
** - Legs than 100 va/kg

1 .
1,3-cis-dichloropropylene and 1 3-trans
4 naszate the sus of both

values repoxted

-d

104

fchlor

vinyl chloride

CLIENT___ West lake
CLIBYT 1.D._ Bi-31 (NPDES) CATE SNPLE RECEIVED ¢ zu1y 198)
RL I.D. #s73 DATE ANALYSIS COMPLETED S August 1981
) VOLATILES
¥ pa/l
acrolein " 1,2-dichloropropane N VS
acrylonitrile ** I.Jdidxbroprqsylml *
benzene ND ethylbenzene 30.4
" carbon tetrachloride * methylene chloride 1.4
chlorabenzene 9.6 __ methyl chloride *
1, 2=dichloroethane 4.2 pethyl bramide *
1,1,1-trichloroethane 1.4 bramoform ND
1,1-dichloroethane NO dichlorcbromomethane ND
1,1,2-trichloroethane ND trichlorof luoramethane 2.6
1,1,2,2-tetrachloroethane ND dichlorodifluoramethane *
chloroethane o chlorodibromomethane ND
2-chlorovthylvinyl ether ND f.et.raclﬂoroethylem 19.3
chlorofar 3.1 toluene 30.9
1,1-dichloroethylene ND trichloroethylene 13.1
1, 2-trans-dichloroethylene 40,2 *

ropylene could not be resolved,

conpounts
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SUMMARY OF CORGANIC PRIORITY POLLUTANT ANALYS1S
CLIINT  West Lake

CLIENT 1.D._ BH-35 _DATE SAMPLE RECEIVED 6 July 1981

RC 1.D. %574 DATS ANALYSIS COMPLETED 16t July 1981

ACID COMPOLNDS

114
2,4,6-trichlorophenol *
o~chloro-s—cresol ND
2-chlorophenol 1414.7
2, 4-dichlorophenol N
2, 4-dimethylphenol ND
2-nitrophenol ND
4-nitrophenol *
2,4-dinitrophenol **
4,6-dinitro-o-crescl >
pentachlorophenol *
phenol ©159.0

!

ND - Less than 1 pg/1
* - Less than 25 vg/1
*s - Leps than 250 »g/1

105
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SIMMAITY OF ORGANTC PRICRITY POLLUTANT AMNALYSIS

DATE SAMPLE RECEIVED

CLiNY West Lake
CLIENT 1.D. BH-35 (NPDES)
R 1.D. #574

aceingy it Liene

henzidine
1,2,4-trichlorobenzene
hexachloraobonzene
hexachloroethane
bis(2-chloroethyljether
2-chiloronaphthalene
1,2-diclilorabenzene

1, ¥dichlorobenzene

1,4=-dichlorolxnzene

3,3 ~dichilorohenzidine
2,4-dinitrotoluém
2,6—dinitrotcluene
1,2=diphenylhydrazine

fluor anthene

4-chlorophenyl phenyl ether
4~bramophenyl phenyl ether
bis (2-chloroisopropyl) ether
bis(2=chloroethoxy imethane
hexachlorobutadiene
hexachlorocyclopentadiene
isophorone

najhrlalene’

LEs (chlorancthyl)ether

ND - Less than 1 uq/1
* « Legs than 10 pg/l
** - Less than 25 pg/1

BASE/NEUTRAL

L4
]

6 July 1981

DATA ANALYS1S COMPLETED 22 July 1981

OOMPOUNDS

P PPRPREREL bR bbb

" nitrobenzene

N-nitroscdimethylamine
N-nitrosodiphenylamine
N-nitrosodi-n-propylamine
bis (2-ethylhexyl)}phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate

bpnzo (a)anthracene
benzo(a)pyfene

benzo (b} fluor «ant.hene1
benzo (k) fluor am‘.!'»er'nnla1
chrysene

scenaphthylene
anthracene

benzo (g.h.i.) perylene
fluorene

phenanthrene

dibenzo {(a,b)anthracene
{indeno{l,2,3-c,d)pyTene
pyrene
2,3,7,8~tetrachlorodibenzo-

p-dioxin

!

L 2]

{

L 3

Wk

18.4

L

8

CR (]

8

8

8

8

8

. B 18

8

&

»

i

l:

"Hmzo(b) fluoranthene and benzo (k) fluoranthene could not be resclved, values reported
inticate the sum of both compounds,



SUMMARY OF ORGANIC PRICRITY POLLUTANT ANALYSIS

CLIENT West lLake

CLIENT I1.D. Bi-35  (N°TES)  DATE SAMPLE ReCETVED 6 July 1981
RC 1.D. ¥#574 DATE ANALYSIS OOMPLETED 24 July 1s81
PESTICTDES

| 1 14 pg/3
aldrin » a~BC ND
dieldrin ND b-BHC ND
chlordane 940 &-BHC *
4,4'-DOT ND g-BHC ND
4,4'-DOE D PCB - 1242 ND
4,4'-IDD __N FCB -~ 1254 ND
endogulfan I * FCB - 1221 ND
endosulfan 11 » FCB - 1232 ND
endosulfan sulfate * PCB - 1248 ND
endrin * PCB - 1260 ND
endrin aldehyde * B ~ 1016 ND
heptachlor ND toxaphene ND

*

heptachlor epoxide

107
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SUMMARY OF ORGANIC PRIORITY FOLLUTANT ANALYSIS

»

487.9
26.4

1

724.9

"CLIENT WesE_Lake

cuenT 1.p. =35 DATE SAMPLE RECEIVED 6 July 1981

RC 1.D. ¥574 DATE ANALYSIS COMPLETED 5 August 1981

VOLATILES
¥g/l

acrolein kel 1,2-dichloropropane
acrylonitrile - 1,3-dichloropropylenel
benzene 15.7 ethylbenzene
carbon tetrachloride 22.4 methylene chloride
chlorobenzene N methyl chloride
1, 2-dichloroethane 8l.6 methyl bramide
1,1,1-trichloroethane ND bromoform
1,1-dichlorocethane 18.4 dichlorobromomethane
1,1,2-trichloroethane ND trichloroflucramethane
1,1,2,2-tetrachloroethane ND dichlorodifluoramethane
chloroethane * chlorodibramomethane
2-chloruethylvinyl ether * tetrachloroethylene
chlorofana ~25.1 toluene
1, l-dichloroethylane 5.2 trichloroethylene-
1, 2-trans-dichlorcethylene 7.7 vinyl chloride

ND - Less than 1 ug/kg
* - Legs than 10 ug/kg
** - Less than 100 vg/kg

1}, 3cis-dichloropropylene and 1,3~trans-dichlor
icate the sum of btoth

values reported

108

l

ropylene could not be resolved,
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Chemical Analysié of Radioactive Material From Areas 1 and 2

> Table 13 '

Concentration in ppm

Offsite Area 1 Area 1 Area 1 Area 2 Area 2
. #~3Bkg Surface Surface Borehole Surface Surface
Sample (#101) (#102) (#103) (#104) (#105)

—— e A e Y S S e S A e e ——— - o - ———

Barium 250 300 1811 2386 1158 1197

Lead 16 15 108 121 11 50
zZinc 132 146 94 76 28 167
Sulfate 20 15 108 121 11 50
4€§@A%TT““A
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//;arggt Criteria and Measurements LLDs for West Lake Landfill
.ﬁ'
Table 15
i
Soil Contaminants E
Nuclide Térget Criteria LLD
Ra-226 5pCi/g 1pCi/g
Total U 15pCi/g 3pCi/g
U-238 30pCi/g 6pCi/g
U-235 30pCi/g 6pCi/g
Th-232 5pCi/g 1pCi/g
Th-230 15pCi/g 3pCi/g
water and Airborne Contaminants
— e ——
Nuclide Target Criteria LLD
All MPC Unrestricted 20% MPC
Radon Daughters 0.03 W.L. 0.006 W.L.
Ra-226 {water) 3E-8 uCi/ml 6E-9 uCi/ml
External Radiation :gwmnu»f
Nuclide Target Criteria LLD
All 20 uR/hr 4 uR/hr
A
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APPENDIX 1
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Radiological Survey Instruments and Methods
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A. Portable Surve& Instrument

The portable survey instruments used at west Lake
included two complete sets of Johnson equipment; which
consist of battery operated rate meters, scalers and alpha,
éeta and gamma probes. These systems {(see Figure I-1) are
totally portable and can be used in the field for both

measurements and sample counting.

The 2;295 probes use a znS (Ag) scintillation detec£or;
the beta detector is a thin window (1.4mg/cm2 mica) GM tube,
and the gamma detector is a 2" by 2" NaI(Tl) crystal. The
alpha and beta probes were calibrated with "NBS traceable”
sources at the RMC calibration facility in Philadelphia and
the gamma scintillator was cross—-calibrated with a primary

jonization chamber system, described below.
B. Ionization Chamber System

External gamma dose rates were accurately measured with
"

the RMC constructed Tissue- Equivalent Ionization Chamber

System (Figure I-2). This system consisted of a 16 liter

tissue equivalent, gas filled ionization chamber (Shonka

chamber), a Reithley vibrating capacitor electrometer, a

printer and battery pack. It is capable of measuring dose

rates at background levels to a precision of a few percent.

Since this system is bulky and somewhat fragile, it 1is
not as suited for extensive field measurements as a smaller,
lightweight Nal(Tl) portable survey instrument. Therefore,
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the NaI(Tl) detector was used for the majority of the field
gamma measurements. Since this detector's respopse is
energy dependent, it cannot be used as a “micro Rzneter'
unless it is initially calibrated for such use.

The calibration performeé by RMC consisted of
accurately measuring the exposure rate at several locations
at West Lake Landfill, using the Tissue Equivalent
Ionization Chamber, then recording NaI(Tl) measurements at
the same location. In this manner a set of Nal(Tl)
count-rate versus exposure rates were obtained and a uR/hr

calibration factor established, as shown in Figure 1-3.

Due to the energy dependence of the Nal detector, this
conversion factor will apply only to the radionuclides and
geometries for which the calibrations were made. In the

case of West Lake, analyses have verified the presence only
U-23%

of naturally occurring nuclides of the puranjum series
i ———

Th-232 ,
(Ra-226 and daughters), thorium series and_ potassium.
?:'—

Therefore, the conversion factor established at West Lake

will apply only to naturally occurring radionuclides

distributed in soil.
C. Mobile Lab Gamma Analysis System
—__

The mobile lab gamma analysis system (Figure I-4)
consists of a PGT 15% efficient (relative to a 3" x 3"
Nal(Tl) crystal) intrinsic germanium (IG) detector, =shield

and Tennecoﬁp TP-50 laboratory computer data acguisition
3
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module. The analysis system was calibrated for all counting

geometries with an NBS supplied Eu-152 source.
’

Each count was analyzed by a computer progrgm for
determination of gamma energies and peak areas. All results
Qere printed out immediately following analysis on-site, and
data was stored on floppy discs for future analysis, as

needed.

Samples were sealed in counting containers and stored
to allow for complete ingrowth of radon and daughters,
whenever possible. In these cases, Ra-226 was determined by
counting the daughter Bi-214 gamma-ray lines at 609 and 1764
KeV. Pb-214 was determined by the 295 and 352 KeV lines,
U-238 from its 93 KeV line, Ra-223 from its 270 KeV line,
Rn-219 from its 401 KeV line, Pb-211 from its 405 and 832
KeV lines, Th-227 from its 237 KeV line and K-40 from its

1462 KeV line,

Pypical LLDs for Ra-226 were 0.1 pCi/g in soil and
vegetation, and 0.4 pCi/l1 in water. For Rn-219 daughters on
air filters, LLDs were 0.4 pCi/l. The LLD for U-238 in soil

was on the order of 1 pCi/qg.

D. Ruger Hole Logging System

Detailed logging of selected auger holes was performed
with the system shown in Figure I-5. This system consists
of a custom designed EG&G Ortec intrinsic germanium detector
(108 eff) with a narrow dewar, coupled to a Tracor-Northern
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1750 MCA used for data acquisition and initial field
evaluations, Data was stored on a tape cassette reforder,
then transferted toc the 1lab computer system foré final
analysis. The entire system, including an NIM module power
gupply with a bias power supply and amplifier, was powered
in the field by a portable 5000 watt gaéoline—driven

generator.

The logging system was calibrated as described in
Attachment 1. Field counting times varied from 2 minutes to
10 minutes at each location, depending upon the level of
activity present. Typical LLDs for this system and
relatively short count times are 0.3 pCi/g for Bi-214, 1
pCi/g for U-238, 0.2 pCi/g for Pb-212 and 0.1 pCi/g for
K-40.

The field use of this system was somewhat limited by
initial failure due to high humidity effects on the pre-amp
components and thermal insulation of the detector bhousing.
These problems were partially corrected by sealing the
detector in an outer container and allowing dry air to flow

through the container.
E. Radon Analysis Systems

Radon flux was determined using the accumulator system
shown in Figure 1I-6, which is similar to those used by
Wilkening [1] and others. Accumulation times varied from 15

minutes to 2 hours. Gas samples were drawn and counted in
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the EDA Radon Detecfor, usually 2 hours after sampling, to
allow for daughter ingrowth. Standard MSA charcoal
canisters were used for the canister method, as descrfbed by

Countess [2].
F. Alpha-Beta Counting System.

All samples were counted for ross _alpha or beta

_—/——tﬂ-—
activity on the Gamma Products low background gas flow
proportional counter, shown in PFigure I-7. The system is
automatic and can be programmed for a variety of counting

parameters.
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(1}

(2]
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Figure I-6.

Radon sampling cells, pump, and gas analyzer, sitting atop a radon
accumulator tub.

124



PP

P

. PO 1% B

coves mipls - fula svemE

Lk

Figure 1-7. Automatic beta-gamma gas flow proportional counter.
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INTRINSIC GERMANIUM WELL LOG

DETECTOR CALIBRATION

-

The intrinsic germanium detector was connected to the
pulse height analysis system consisting of the following

components:

Ortec Model 459 High Voltage Power Supply
Canberra 2011 Spectroscopy Amplifier
Tracor Northern 1750 MCA

Teletype Model 43 Printer

Gain and voltage supply settings were adjusted to
obtain an energy spectrum of 0 to 2000 kev, which

corresponds to approximately 1 kev per channel.

Calibration of the well logging system was performed
using the calibration 'rig shown in Figure 1, This rig is
constructed as a series of four concentric rings surrounding
a 6 inch PVC casing., Each ring contains thin plastic tubes
1-1/4" diaméter by 36" long. A set of "source rods"™ and
*background rods™ were prepared and loaded into these tubes
in a variety of configurations for the various calibration

and test counts,

The geometry of the rig is such that the distance from
the centet of the casing (or detector) to the center of the
innermost ring is 3.75 inches, to the center of the second

ring is 5.0 inches, to the center of the third ring is 6.25
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inches, and to the center of the fourth ring is 7.50 inches.
All voids between tubes were filled with low bachground
sand. It was determined that the ratio of source volume in
each ring to the total ring area was about 0.6. Hence, when
source rods were fully loaded into a given ring, the
activity counted represented approximately 60% of the total
area (volume) the detector viewed, and counts were adjusted

accordingly.

Each source tube is a 12 inch high by 1 inch diameter
tube filled with a material containing Eu-152. The source
material was prepared by mixing the standard Eu-152 source
solution with plaster of paris, at a.constant ratio designed
to give a wuniform specific activity of 440 pCi/qgram.
Background rods were filled with "clean" plaster of paris.
Plaster of paris was chosen because of its ease of handling,
ability to uniformly distribute the source throughout the
material, and its density, which approximates that of common
soil. (Density of s0il, 1.7-2.3 g/cubic cm; density of

plaster, 1.5 g/cubic cm; density of sand, 1.4 g/cubic cm)

Four different configurations of source and blank tubes
were used for the calibration. Source tubes were placed
three high in one of the four concentric rings of the rig
for each count while the balance of the rig was filled with
blanks. These confiqurations correspond to the source
matérial being a radial distance of 3.75, 5.00, 6.25 and

7.50 inches from the detector.
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Each configquration was counted for 900 seconds, and the
area under each of the eight major EBEu-152 photopeaks

determined for each count. ’

Calculation of counts per gamma per gram was determined

.by the following method:

NCNTS/GAMMA/GRAM =

[NCNTS]/[(440pCi/g)(3.7E-Zd/s/pCi)(9005)(ABUNDANCEgamma/d)]

For each gamma energy, the net counts/gamma/gram Vs
distance from the center of the detector was listed. These
response curves were then plotted for each energy, for
distances and activities which extend to zero net counts.
This represents an "infinite"™ distance from the detector.
Using these curves, the total counts from the detector to an
infinite distance was calculated by integrating the area
under the curve using Simpson's rule for approximating
integrals, Of prime importance is the integral from 2
inches to infinity, since this is the area the detector will

view when placed inside a 4 inch PVC casing.

Finally, the integrated net count/gamma/gram, from 2
inches to infinity, was plotted vs energy, for each of the
Eu-152 photons. With this efficiency curve, a specific
activity in soil (pCi/gram) can be determined from a bore
hole count, assuming the radionuclide can be identified and

its gamma abundance determined. The calculation is:
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SPECIFIC ACTIVITYpCi/gm(in soil) =
[NETCOUNTS] /[ (ABUNDANCEgamma/dis) (2.22 dis/min/pCi)

(MINUTES COUNTED) (EFFICIENCYcounts/gamma/gm) X

This determination will be valid so long as the
radioactive materiél is uniformly distributed to an
»infinite" distance in soil, and the detector is in a 4 inch
PVC (or similar material) casing. Although soil should be
at the surface of the casing, the data indicates that small
voids will not produce significant errors in activity

estimations.

Results of this calibration indicate that an "infinite”
thickness in soil for a bore hole logging device is about 10
inches from the center of the'detector. Thus, for a 4 inch
hole, gamma logging will only "see™ activity out to about 7
or 8 inches from the hole. For low energies (100-500 kev},
50 to-GO% of the total activity seen is in the interval of 2
to 4 inches. For energies above 500 Kev, this value is 40
to 508, While this volume may not seem large, it represents
several thousand (2000 to 4000) grams of soil, which is much
larger than typical core samples, and is therefore more

representative of the actual soil activity.

This calibration indicates that the sensitivity of the

IG well 1logging system is such that the Ra-226 daughter

Bi-214, as measured by the 47% abundant 609 KeV peak, can be

easily detected at 1 pCi/gram in soil, in a five minute
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and precision of 0.4

4
¥

count, with a 95% confidence level

pCi/g.
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Figure 1

CALIBRATION RIG ASSEMBLY

Cross Section
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6'" 1.D. PVC Pipe

}.25" diameter x 36" long
butyrate source holder tubes

1" diameter x 12" long source
tubes. 3 per holder tube

}G Detector

Top View
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