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L governmental agencies.

- POST REMEDIAL AGTION SURVEY
PROPERTY OF MODERN LANDFILL, INC,
LEWISTON, NEW YORK ‘

 INTRODUCTION

Beginnihg in 1944, the Manhattan Engineer District and its

successor, the Atomic Energy Commission (AEC), used portions of the

‘Lake Ontario Ordnance Works (LOOW), Lewiston, New York, for storage of

radioactive wastes. These wastes were primarily residues from uranium

-processrng operatrons. however. they also included: contaminated

~ rubble and scrap from decommlsszooed facrl;trea. biological and

miscellaneous wastes from the University of'Rochester; and low-level

flsslon~product waste from contam1nated 11qu1d evaporators at the

e-Knolls Atoﬁlc Power Laboratory (KAPL) R8081pt of radloactlve waste

'was drscontrnued in 1954. and following cleanup act1v1t1es by Hooker

Chemical Co., 525 hectares of the original 612 hectare LOOW s1te were
declared surplus. This property was eventually sold by the General

Servzces ‘Administration to varlous private, commercial, and
1

from the former LOOW property (Figure 1). A trlangular shaped
sect1on, 6 5 hectares 1n area located 1n the northwest corner of thlB
tract, has undergone rad1olog1cal agsessment followed by remed1a1

action to remove radroactlve residues, That section is the subJect of

this survey report.

. IV

- The site is bounded on all sides by paved roads--Castle Garden
Road on the west. "o” Street on the north. and Vine Street on the
southeast. The actual property boundarles 11e 50 ft east and south
respectively of the centerlines of Castle Garden Road and "0" Street.
A chain 11nk fence along the west and north boundarles separates

Modern Landf111 property from the Department of Energy' s Niagara Falls




3

f:rh
H

:

"‘%"‘“1

'Sfofage Sité." The land is level with aiternating open and sparsely

wooded areas. Surface features include a railroad track with three
spurs, a drainage ditch ("K” ditch), and concrete foundations of four
buildings (706, 707-E, 707-F, and 718) which were previously
demolished. There are also several piles of brush and debris from
land éléhrance during an earlier radiological survey. Figure 2 is a

plot plan of the site.

Records and past aerial photographs indicate that containers of

radloactlve wastes were handled and/or stored on the Moderm Landflll

'propefty. 'These wastes were prlmarlly K~65 re31dues from the

high- grade African ores. Drums of this material were temporarily
stored along Vine Street, Castle Garden Road. and 0" Street.'awaltlng
transfer into the concrete tower located on the DOE property north of
"0” Street, or shipment to Fernald, Ohio. Limited storage and

handling of fission product wastes from KAPL is also believed to have

':_o;qufreéxin_the vicinity of buildings 707-F and 718, near Castle

Garden ﬁsad; Radiological survéys. conducted by the Oak Ridge

Operations Office of the AEC in June 1972, showed elevated direct

radiation levels along Vine Street near its intersection with Castle

.Garden Road and at the northeast corner of the property.2 These

latter levels are due primariiy to the K-65 residues stored in the
nearby tower. Surface soil contamination was also noted at several
locations and limited removal of s0il was performed in those areas.

The radiation levels were reduced to less than 50 yuR/h above

:background at three feet above the surface--the gu1de11ne used by the

AEC for decomm1391on1ng excess properties,

In October 1978, an aerial radiological survey of LOOW was
donducted by EG&G. This survey did not identify significamt gamma

rad1at10n levels on the Modern Landfill property.3 However, a mobxle

_scan of accessible LOOW roads, performed by Oak Ridge National

Laboratory in November 1980, confirmed the earlier AEC fmdlngs.4 In

January 1981, a'comprehénsi#e survey of the Modern Landfill site was
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3'conducted by 0Oak Rldge Natronal storatory.5 The survey indicated

that the central portlon of the property contained no radroactrve'
zresrdues, but that surface soil near building foundations 707-F and
718 coﬁthined'eleysted levels of Ra-226 and Cs-137 and thst there were

elevated concentrat1ons of Ra-226 along portlons of Vine Street. The

: posslbllrty of buried containers of pyrophoric zirconium gcrap near

bulldrng foundstlons 707 -E and 706 wae also ralsed

Under an agreement between Modern Landfill and the Department of
Energy (DOE). remedial action was performed during May and early June
1981 to remove areas of 5011 exceedlng the release criteria, Soil
removal wss performed in the v1c1n1ty of pads 707 -F and 718 and
approx1mately 2to4m elther side of Vine Street. The soil was

transferred to the adjacent Nlagara Falls Storage Site (NFSS) of DOE

for interim storage. This work was performed by the property owner

with rad1010g1ca1 support prov1ded by the Eberline Instrument Corp..
Albuquerque. New Mexrco. Ground penetrstlng radar surveys were also
conducted around pads 707-E and 706 to identify subsurface metalic
dep081ts whmch mlght be burled zlrconlum or other wastes -- none were
found. A more detailed descrlptlon of the remed1a1 act1on and the
results of the supporting survey will be presented by Eberlrne

Instrument Corp.. in a separate report.
. Following the remedial action the post remedial action survey of

the property was performed on June 25 27 1981. by Oak Ridge

Assocrated Unrver31t1es.

_ SURVEY PROCEDURES

. " .. & .

The'objectives of this survey were to verify the adequacy of
remedial actiom, and to evaluate the current radiological status of
the property with respect to the guidelines for release for

unrestricted use,
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1. Grid System

A 100 ft* grid system was established on the Modern Landfill
property as part of the January 1981 radiological survey {Figure 3).
This same base grid system was used for the remedial action and

post-remedial action surveys, although a more closely spaced 15 ft

~ grid was established in the vicinity of the building foundations and

éibhngfﬁé'5£feéf."Td'éimpiiff'éémpiihg'poihi”idéﬁtifiéétioh along
Vine Stt#et; OBAU'aléo established additional grid points at 50 ft
intervals along the road center, beginnihg at the fence line near
Castle Garden Road., These grid points were later referenced to the
main property grid for survey report uniformity, Figures 4 and 5

‘indicate the grid systems used for the post remedial action survey,
2. Confirmation of Previous Survey Findings

1t was possible that remedial action activities near the building
.foﬁndati&na and along Vine Street may have resulted in the spreéd of
contamination. To determine if this had occurred, measurements of
direct radiation levels and sampling of surface soil were performed on

portionsfbf the Modern Landfill property which had not been disturbed

by the remedial action. Gamma exposure rates at 1 m above the surface

and beféigaﬁma_dose rates at 1 c¢m above the surface were measured at

_ the intersections of grid lines, i.e. at 100 ft intervals, along

' east/west lines C, G, and K, and north/south lines 3, 6, and 11.

Exposﬁréwfates were determined with NaI(Tl) scintillation detectors,

Cross calibrated with a pressurized ion chamber. Beta-gamma dose

rates were measured using an end-window Geiger-Mueller detector and a

portable scaler/ratemeter. Conversion to dose rate (urad/h) was

‘performed by cross calibration with a thin walled iomization chamber.

* English rather than metric units of measurement are used in this report

when referencing the grid system, since this system was originally
established in units of feet.
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Surface ?élsleﬁ)”sdii'seﬁpiee.ﬁere.collected at zbd:ft”interfais along
the same grid lines used for direct measurements. The radiation
levels and 80il concentrations were eompared to the data obtained for
the correspondlng locations durlng the January 1981 survey. The

10cat1ons of these measurements and samples are shown on Flgure 6.
3. Area of Building Foundations

Walkover surface gamma scans were performed in the v1c1n1ty of
the bulldlng foundatlons 707 F and 718, using NaI(Tl1) scintillation
detectors, Approximately 1.5 m intervals were used for the scan, and
areas ekdéeding 10,000 cpm:(ZO UR/h) at contact with the ground were

noted, Gamma exposure rates and beta-gamma dose rates (see section 2

- above) were measured at l m and 1 cm above the surface respectively at

the lntersectlons of the 15 ft grld 11nes, established during the
remedial actlon. Systematlc surface soil samples were collected at
the cente:s of the 15 ft x 15 ft grid blocks (Figure 7), Biased
samples of surface soil were also collected at locations of elevated
contact radiation levels identified during the walkover scan. During
the survey, the property owner volunteered to perform additional soil

removal in areas of elevated direct readings., The removed soil was

transferred to the NFSS where it was added to the pile of debris whlch

orlglnated from the earller remed1a1 actlon act1v1t1es on this
property. Follow1ng thls further clean-up, each location was
remeasured and resampled.

4, Vine Street Area

A walkover gamma scan was conducted at 1,5 m intervals, covering

. the road surface and shoulders, extending 30 ft either side of road

center. Locatlons of contact levels exceeding 10,000 cpm (20 uR/h)

-were 1dent1f1ed. and the property owner 1mmedlate1y removed addltlonal

surface soil or road surface to reduce the levels. Soil samples were

~ mot obtalned from the areas of elevated direct readings until after

thls further clean—up. Gamma exposure rates and beta-gamma dose rates

were measured at 1 m and 1 cm respectively, above the surface at 50 ft




intervaie along the road center and 15 ft and 30 ft either side of
road een}er. Along tne southeast portion of Vine Street systematic
Burface‘soil samples were collected at 50 ft intervals, 15 ft from
road center, and at 100 ft lntervals. 30 ft from road center. Since
no elevated contact Iocatlons were noted from the walkover scan of the
northeast portion of Vine Street. systematlc soil samples were
collected at 100 ft intervals, both 15 ft and 30 ft from the road
center, along this portion of the road. Sample locations are

1nd1cated on Flgure 8.
5. Sample Analysis'

8011 samplea were analyzed by gamma spectrometry for Ra-226,
Cs- 137, U 235, U- 238. Th 232, and K-40. Six samples hav1ng elevated
Cs-137 concentratlons were also analyzed for Sr- 90. Additional
1nformatlon concerning analyt1cal procedures is contalned in

Appendlx A.

RESULTS

'Gamma—Rey“Exposnre Rates

The“exposure rates at 1 m above the surface.'meaeured at iOOlft
intervals along the six grld llnes (C. G, K. 3, 6, and 11). are llsted
“on the plan view (Flgure 9) These exposure rates range between 10

and 21 pR/h, compared to the results of the January 1981 survey when
the exposnre rates'over.the entire site ranged from 3.6 to 25,9 uR/h.
.The lower values cbtained during the January survey may be partlally
.attrlbuted to the snow cover present at the time of these
measurements. There is a general increase in the exposure rate as one
approaches the northeast corner of the property due to the proxlmlty

“of the K~65 storage tower; this was noted durlng the January 1981
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survey also. The average exposure rate within the property boundaries
was 12, 8 uR/h

Beta~Ghmmé Surface Dose Rates

~ Surface dose rates measured along ﬁhe six grid lines are
presented on Figure 10, These measurements ranged from 15 to
45 urads/h. These measurements conflrm the conclusions of the January
1981 report, i.e, there is not a significant beta componment in the

direct radiation field on this property.
Soil Sémﬁiés

Concentratlons of rad1onuc11des in the soil samples collected
from the previously surveyed area are listed in Table 1. The
concentration of rad1um—226 ranged from 0.63 to 1.4 pCi/g. These
levels are comparable to the average béckground radium-226
concentration of 1 pCi/g for the LOOW region. The cesium-137
concentrations in these same soils ranged from 0.17 to 1.2 pCi/g,
agaln. comparable to the average background concentration of
approx1mate1y 0.5 pCl/g for this region., Uranium-235, uran1um-238.
and thor1um—232 concentration ranges were <0.03% to 0,22 pCl/g. <2.3
to 8.2 pC1/g. and 0.52 to 1,3 pCi/g respectively. Determination of

potasslumfAO. performed as a general practice for soil samples,

.indicated concentrations from 10 to 17 pCi/g.

i i ! .
Walkover Surface Scan

The walkover surface scan of the area surroundlng building
foundatlons 718 and 707-F 1nd1cated 11 locations which exceeded
20 uR/h at surface contact. These locations, indicated on Figure 11,

ranged from 27 to 265 uR/h and were due to small isolated deposits,

* The less than symbol indicates that the concentration measured was Zpuo
‘than the minimem statistics detection limit of the pronedurp




After theé property owner removed additional soil from these areas, the
contact ekpoaure rates ranged from 13 to 24 uR/h. Contact radiation
levels before and after the additional soil removal are presented in
Table 2.

Gamma Eprsure Rates

Exposure rates measured at 1 m above the ground surface ranged
from 9 to 18 uR/h with an average of 12.8 uR/h (Figure 12). The levels
near fouhdation 718 are comparable to those noted over the remainder
of the property (see above section on rechecks of previously surveyed
areas). The levels in the vicinity of foundation 707-F are slightly
higher (2-7 uR/h) than those near foundation 718.

Surface_Dbse Rates

Beté:gémﬁa'Surface dose rates are‘preéented‘on Figufe'13. They |
range from 11 to 85 prads/h with an average level of 27 yrads/h. As
was noted for exposure rates at 1 m above the surface, the surface
dose rates are higher near foundation 707-F than they are near
foundation 718 and the remainder of the property undisturbed by

remedial actiom. The dlfference is variable but averages

.approx1mate1y two tlmes hlgher.

Soil ‘Concentrations

Concentrations of radionuclides determined in surface soil
samples from around the foundations area are listed in Tables 3 and 4.
The systematlc samples contalned Ra—226 and Cs-137 concentratlons
ranging from 0.36 to 4.9 pCl/g and 0.05 to 24 pCi/g, respectively,
Uranium-235, U-238 and Th-232 cqncentxat;ons ranged from <0.03 to
0.2 pCi/g, <l.4 to 16 pCi/g, and 0.32 to 1.2 pCi/g respectively.
Biased aéil samples, collected from the areas of elevated contact
levels idéntified by the walkover scan, contained Ra-226 from 0.68 to

12 pCi/g. These concentrations were reduced to 0.59 to 2.6 pCi/g




after additional soil removal. The Cs-137 concentrations ranged from
16 to 1025 pCi/g before further cleanup and from 2.5 to 69 pCi/g after
addltlonal soil ‘was removed Uran1um—235. U-238 and Th-232
concentratxons wvere 0, 020 to 25 pCi/g, <6.7 to 49 pCi/g, and 0.44 to
1.5 pCl/g respectively before and 0. 15 to 1.5 pCi/g, <2.2 to 30 pCi/g,
and 0.33 to 1.5 pCl/g reepectlvely after additional 3011 removal. It
was noted that the ratios of U-235/238 in samples. contalnlng high
concentratlons of Cs-137, are above those found in natural uranium,
i.e. 1:22, This suggests that the KAPL waste may have contained
8lightly enriched uranium along with the fission products.
Stront1um-90 concentrations determlned for six of the biased samples,
hlghest in Cs- 137. ranged from 12.8 to 111 pCi/g. The Cs-137/Sr~90
act1v1ty tatlo ranged from 0.5 to 29 with an average of 6.5. There is
no correlat1on of these ratios; however the average indicates that the

Cs-137 concentrations exceed the Sr-990 concentratione.

Walkover Surface Scan

The walkover surface scan located numerous areas of surface
contact levels exceeding 20 pR/h, These locations, shown on Figure 14,
were of both a point and extended source (general contamination)

nature., “Measuremeuts at these locatlons before and after addltlonal

- 801l removal are listed in Table 5., These levels ranged from 36 to'

128 yR/h and 11 to 33 uR/h before and after additional cleanup,
respectively. All of these locations were noted between the
intersection of Vime Street with Castle Garden Road and grid p01nt F,
9+00. No slgnlflcant 1ncreasee in rad1at10n levels whlch could be
attrlbuted to residues or contamlnatlon in sutface soil, were detected

between F, 9400 and the northern boundary fence along "0” Street.
Gamma Exposure Rates

Geﬁmeﬁexposure rates 1 m above the surface aiong;Vine Street
ranged from 9 to 43 1R/h with an average of 17.3 uR/h (Figure 15).




Seuthweeﬁ.ef'grid ﬁoiet D, 11400 the levels were between 9 and |

20 yR/h; northeast of this point - in the direction of the K-65
storage ﬁbwer ~ the levels ranged from 16 to 43 uR/h, with the maximum
levels (39 to 43 pR/h) along the north boundary fence line closest to

these stored resldues.
Beta-Gamﬁh Dose Rates

Dose rates at 1 .cm above the surface ranged from 11 to 75 urad/h
(Flgure 16) The average was 31 pyrad/h. The pattern for these
meesuremggte.wgs_siﬁilar to that for the exposure rates, with the

higher levels being noted along the northeastern portion of the road.
Soil Cenéentrations

' Table 6 presents the concentrations of radionuclides determined
in surface soil samples collected along Vine Street, following cleanup
of areas of elevated direct radiation levels (refer to the previous
section describing the results of the walkover surface scan). These

samples contained Ra-226 and Cs-137 concentrations ranging from 0.23

. to 23 pCi/g and 0.02 to 1.2 pCi/g, respectively. Uranium-235, U-238,

and Th- 232 concentrat1ons ranged from (. 04 to 1.4 pCl/g. <1. 9 to
12 pCl/g. and <0.07 to 1.2 pCi/g, respectlvely.

COMPARISON OF SURVEY RESULTS WITH GUIDELINES

The 80il cleanup criteria for sites, formerly utilized by the
Manhattan Englueer Dlstrxct and Atamlc Energy Commlsslon._are
presented in Appendix B, With the exception of several small areas

along Vine Street. the radionuclide concentrations in surface 3011 of

- the Modern Landflll property are less than 5 pC1/g of Ra-226, 80 pCL/g ‘

of Cs- 137. and 100 pCi/g of Sr-90 above the area background levels.
Of 66 ao;}\samples collected along Vine Street, five exceeded 5 pC1/g

"of'Ra-Zzﬂfabove background; four of these samples were between 5 and

10 pCi/g and based on the concentrations of other samples in the same

10
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“areas, the average per 100 m? is less than 5 pCi/g. One location,

20 ft aouth of the road at grid point I+15. 5490, had a net Ra-226
concentratlon of 22 pCi/g (23 pCi/g minus 1 pCi/g background).
Averaglng with three nearby sample locatlons (numbers 160, 161, and
164) w11}_resu1t in an average concentration over a 100 m? area of
approximately 7.7 pCi/g above background. This level exceeds the
cleanup criteria of 5 pCi/g ;bdve'backgrouud, averaged over 100 m? and
additionsl remedial action will be necessary if this location is to

satisfy the criteria for unrestricted release of the property.

The cleanup criteria for formerly utilized sites does not provide

guidancei:egarding direct rﬁdiation_exposure levels. The Nuclear

Regulatory Commission's Standards for Protection Against Radiation
(IOCFRZOQIOS) limits the annual radiation dose to an individual in the
genefal édpulatidn to 500 millirem.® Assuming continual exposure,
i.e. 168 h/wk, this is equivalent to an average exposure rate of

approximately 60 .R/h. There are no locatioms on the Modern Landfill

. property which exceed that value.

An evaluatlon of the current radlatlon exposures at this site is
presented 1n Appendix C. This aectlon_also compares these levels with
the background exposure in the Niagara, New York, area and the
sc1ent1f1ca11y based guidelines establxshed for the protectxon of

radiation workers and the general public,

SUMMARY

A post remedial action survey was conducted on a 6. S hectare
portion of former Lake Ontario Ordnance Works property belonglng to
Modern Landflll. Inc., Lewiston, New York. The survey included
surface radiation scans, measurements of direct radiation levels, and
analysis for radionuclide concentrations of surface soil samples.
Emphasis wae in areas of two building foundations and along Vine
Street whéfe remedial action had been recently performed by the

property owner. During the survey several isolated regions of

11
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residual surface contamination were identified and additional soil

removal was performed in these regions.

The results of the survey 1nd1cate that dlrect radiation levels

'throughout the property are w1th1n the appllcable federal guidelines

for unrestricted areas. Soil concentrations satisfy the criteria for
cleanup bf formerly utilized sites with the exceptioﬁ of bne'small
area aldﬁﬁ'Vine Street, where the average radium-226 level of

7.7 pCi/g slightly exceeds the guideline of 5 pCi/g. An evaluation of
the potential radiation exposurés to persons at the site. indicates '

that these exposures are within the federal guldellnes and risks to

‘such persons are negllg1b1e.

12
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FIGURE 4. Area of Building Foundations 718 and 707-F, Showing
15 foot Grid System for Remedial Action Survey.
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Vicinity of the Building Foundations.
following the remedial action but prior to additional soil removal
performed during the. survey.)
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Measured in the Area of Remedial Action Near the
Building Foundations 718 and 707-F.
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Building Foundations 718 and 707-F.
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U-238 Th-232 K=40

TABLE 1
SURFACE SOIL FROM AREAS OF
Concentration (pCi/g)
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Errors indicated are 2c¢ based on counting statistics only.

Refer to Figure 6 for sample locations.
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TABLE 2

LOCATIONS NEAR FOUNDATIONS 718 and 707-F,
' WHERE SURFACE CONTACT EXPOSURE’
RATES EXCEEDED 20 i:R/h

Radiation levels Radiation levels

o - measured following after additional

Location™  Grid Point remedial action only soil removal
(uR/h) (uR/h)
Bl D+91, 1490 36 ' 20
B2 D+43, 1+40 267 14
B3 D+32, 1+34 40 18
B4 - D+85, 1+30 b4 24
B5 E+20, 1+33 51 18
B6 Et+21, 1+44 36 _ 18
B7 E+33, 1+41 27 24
B8 - E+28, 1485 27 22
B9 £+10, 1+75 27 16

" BIO  E+7, 1+89 29 20

8 Refer to Figure 11.
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TABLE 3

CONCENTRATIONS OF RADIONUCLIDES IN

SYSTEMATIC SURFACE SOIL SAMPLES

FROM THE AREA OF
BUILDING FOUNDATIONS 707-F AND 718
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gure 7.
Errors are 20 based on counting statistics only.

& Refer to Fi
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TABLE 4
CONCENTRATIONS OF RADIONUCLIDES IN BIASED SOIL SAMPLES
_ COLLECTED EROM THE AREA OF BUILDING FQUNDATIONS 707-F AND 718 ]
Sample Concentration (pCi/g)
Numbera Ra-226 Cs-137 U-235 U-238 Th-232 K-40 Sr-90
Bl 1.9 +0,5b 220 * 1 3.1 *0.6 26 *11 0.45 * 0,29 4,9 + 1.1
Bl* 2.6 * 0.3 69 * 0.8 0.67 *0.27 4obh t 6.4 0.46 *0.27 5.2 + 1.0 12.8 1.0
B2 12+ 1 1025 + 3 25 o+ 1 22+ 16 0.86 * 0.60 5.8 +1.0 35.2 + 1.4
BI* 1.4 0.2 31 + 0.5 0.32 + .15 <4.,9 0.33 + 0.20 4.9 + 0.9
B3 2.8 =+ 0.4 89 +0.9 0.78 + 0.23 <6.7 0.60 + 0.26 9.0 +1.5 51.0 +1.6
B3* 2.3 0.3 40 + 0.6 0.47 +0.19 11 + 8 0.86 + 0.27 11 « 2 29,6 +1.2
B4 1.1 +0.2 20 +0.4 0.48 +0.15 8.0 6.5 0.83 + 0.32 9.3 +1.3
B4x 1.3 +0.3 57 +0.8 1.2 +0.3 30 + 10 1.5 0.3 14 + 2 111 + 3
B5 1.2 +0.3 65 +0.7 0.70 + 0.25 8.1 +7.8 1.5 +0.3 11 « 1 65.4 1 2.4
B5* 1.4 +0.2 25 +0.5 0.39 +0.17 8.8 +6.3 0.63 + 0.26 13 0+ 2
B6 1.7 +0.3 72 +0.8 1.7 0.2 49 +10 0.87 *0.23 11 0+ 1
B6* 2.0 +0.3 65 +0.7 1.5 +0.2 29 + 7 0.67 +0.21 11+ 1
B7 0.78 +0.14 16 +0.3 0.50 £0.12 15 + 5 0.71 +90.22 14 + 1
B7* 0.87 +0.17 20 + 0.4 0.39 +0.12 10 + 6 0.68 +0.19 13 4+ 1
B8 0.68 +0.22 64 +0.6 0.20 +0.16 7.4 4.0 0.44 +0.14 8.8 +1.1
B8 * 0.59 +0.11 2.5 +0,1 0.19 +0.06 5.2 +4,5 0.71 +0.18 10+ 1
BO* 1.0 +0.2 14  +0.3 0.22 +0.09 <3.0 0.67 +0.20 13 0+ 1
B10 1.1 +0.2 30 +0.5 0.64 +0.12 15 + 6 0.62 +0.18 9.9 .1,2
B10* 0.4 +0.1 11 +0.3 0.15 +0.08 <2,2 0.41 +0.13 6.3 +0.9
B11¢ 0.74 +0.,0 4,1 0.1 0.18 +0.05 <1.6 0.31 +0.11 5.7 +0,7

8 Samples without * were collected after remedial action but prior to additional soil removal.

b

€ Sample of sediment from pit below building foundation 718.

Samples with * were collected after the property owner removed additional soil in these areas.
Errors indicated are 2 ¢ based on counting statistics only.



TABLE 5

LOCATIONS ALONG VINE STREET

INDICATING SURFACE CONTACT

EXPOSURE RATES EXCEEDING 20 uR/h

. Location® Grid Point

Radiation levels
measured following
remedial action only

Radiation levels
after additional
801l removal

- (uR/h) (uR/B)
V2 1485, 1470 44 13
V3 - L+85, 1495 51 16
V4 L, 2470 76 18
V5 K+70, 3+00 . 71 27
V6 K+50, 3+00 140 16
v7 R+45, 2490 89 11
V8 K+10, 3+60 36 22
Vo J+70, 3+80 178 27
V10 1+85, 4+90 67 16
V1l I+70, 4495 b4 22
vi2 I+20, 5+45 56 22 .
V13  I+20, 5+50 56 22
V14 I+15, 5+60 71 22
V15 H+70, 6+05 44 22
V6  H+8, 6+50 93 27
V17 H+5, 6+55 111 18
V1§ G+35, 7+45 40 22
. V19 G+50, 7+50 51 16
V20 G+30, 7+65 71 18
V2] G+45, 7+10 38 20
V22 G+35, 7+20 &4 33
V23 G+20, 7+25 56 - 29
V24 G+10, 7+60 b4 20
V25 F+95, 7+65 78 i8
V26 - F+15, 8+95 11

51

8 Refer to Figure 14,
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TABLE 6
CONCENTRATIONS OF RADIONUCLIDES IN
- SYSTEMATIC SURFACE SOIL SAMPLES
COLLECTED FROM THE REMEDIAL ACTION
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INSTRUMENTATION AND ANALYTICAL PROCEDURES
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APPENDIX A

‘;rInsfrumentation and Analytical Procedures

Walkover surface scans and measurements of gamma exposure rates
were béifgfmed dsiﬁg a Victoreen fhyﬁériit'Mod§1w49b#pdfﬁaﬁle '
ratemetef ﬁith a Victoreen Model 489-5 gamma scintiilaﬁion.probe
contalnlng a 3.2 cmx 3.8 cm NaI(Tl) scintillation crystal. Count
rates (cpm) were converted to exposure levels (uR/h) using a factor of
440 cpm = 1 yR/h., This factor was determined by compar1ng the

response of the scintillation detector to gamma photons from

_rad1um-226 with that of a Reuter Stokes model RSS 111 pressurlzed

‘ jonizatioh chamber.:

Measurements were performed using Eberline "Rascal,” Model PRS-1,

‘portable ratemeters with Model HP-260 thin-window, pancake G-M, beta

probes. Dose rates (mrad/hr) were determined by comparison of the
response of a Victoreen Model 440 ionization chamber survey meter to

phat of the G-M probes for a composite of soil samples from the site,

‘which were high in radium-226 content. The conversion factor

determined was 2.4 cpm = 1 yrad/h.

B

Gamma Spectrometry

Soil'éamples'weré dried at 120°cC, finély ground, mixed, and a

portion placed in a one-liter Marinelli beaker. The quantity placed

“in each béaker was chosen to reproduce the calibrated counting

geometry and ranged from 400 to 600 grams of soil. The beakers were
capped but not sealed. Net soil we1ghts were determined and the

samples counted using a 23% Ge(Lx) detector (Princeton Gamma Tech)




")

. m:,y»} PN
PR EOU.

FET

s

coupled to a Nuclear Data model ND66 pulse height analyier. The

following energy peaks were used for determination of the

radionuclides of concern:

Ra-226 - 0.609 MeV from Bi-214 (see discussion below)

C5-137 - 0.662 MeV | |

U-235 ~ 0.185 MeV |

U-2§é‘w— 1,001 MeV from Pa-234 (secular equ111br1um assumed)
Th- 232 - 0,907 MeV from ACj228 (secular equilibrium assumed)

K-40 - 1.46 MeV S .

The background plua Compton coutlnuum was strlpped from each of the

photopeaks of interest, prlor to applyxng appropriate callbratlon and

correctxon factors.

To evaluate the effect of posslble radon losses on the

equlllbrlum of Bl 214 with Ra-226. several soil samples vere sealed in

'countlng beakers. The relatlve photopeak 1nten31t1es of varlous

Ra-226 decay products were noted and compared to the relatlve

1nten81t1es of capped, but unsealed, samples over a time period
necessary for the Bi-214 peak intensity to stablize. From this
comparlson it was determined that radon losses resulted in a 20%

decrease in the Bi-214 concentration and that this condition reached

‘an equilibrium state in the unsealed sample within approximately three

days after sample preparation.(drying. grinding, and placing into the
beakers). Sufficient time to reach this equilibrium state was

therefore allowed between sample preparatlon and analy81s, and a

_ correctlon for the 20% decrease due to radon loss was applied to all

Ra-226 calculations based on the Bi-214 photopeak intensity.

for“ﬁm235'enalyeis;4coutiiﬁdtions in the 0.185 MeV photopeak_aree”
from the 0.186 MeV Ra—226 gamma ray were subtracted. The ratio of the
0.186 MeV to 0.609 MeV peak intensities in a soil sample containing
Ra-226, but no U-235, was determined and this ratio was multiplied by
the 1nten31ty of the 0,609 MeV photopeak in each of the samples to

determine the magnitude of this contribution,.
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Strontium-90

1.
2.

u_6.

7.

10.

Welgh a 5¢g allquot of dried soil,

Plpet 1 ml strontlum carrier (20 mg/ml) and 1 ml bar1um carrier
(10 mg/ml) into the soil.

Add 1 ml of 2M calcium nitrate solution.

Add 12.5 g of sbdiuﬁ hydroxide pellets.

Fuse over a burner for 30 minutes and then slowly stir in 2.5 g
of anhydrous sodium carbonate and heat the clear red melt for 30

minutes, Sometimes it is necessary to add extra sodium hydroxide

to sﬁécial samplés. {Note: A crucible cover is used during the

_fusigg procedure to prevent loss of sample, should it spatter.)

Remove the crucible from the flame to a cold water bath to érack
the mixture. Let stand 1n cold ‘water approxlmately 20 minutes
Crack the mixture, put the mlxture in a one- llter beaker and add
250 ml of boiling distilled water to crucible to remove any

rqna1n1ng melt, Transfer SOIutioh from crucible to the one-liter

'beaker. Place the beaker on a hot plate and set on the medium

setting. Boil to disintegrate the fused mixture. Add boiling
distilled water to keep the volume between 200-250 mls of
aolutlon.

Cool 1n a water bath and then transfer the mlxture to a 250-ml
centrzfuge bottle with dlstllled water.

Centrlfuge for 5 minutes and discard the supernate. Wash the
precipitate twice with 200-ml portions of hot distilled water.
Heat the precipitate on a hot plate until the precipitate begins
to bump or bubble. Add 20 ml of 6N hydrochloric acid to dissolve
the prec1p1tate. Add 100 ml of hot distilled watei to the
dlssolved sample and filter through an E&D No. 513 or equlvalent
32-cm filter into a 500-ml Erlenmeyer flask, Wash with 2_100~m1

'"'port1ons of hot distilled water, Discard the residue.

11.

Add dlssolved sample and filtrate to 500 ml, 6~pefcent EDTA

‘ aolutlon. In a two-liter glass beaker, adjust the solution to pH

4.2_or until the solution is clear with 15N ammonium hydroxide,

then back to 3.8 with concentrated hydrochloric acid,




.-

3

¥

e

ey

S

12,

13,

14.

15,

16,
17.
18.

19.

20,7

; 210

22,

23'

24,

NOIE; pH 3.8 is very importamt. If ﬁH is less than 3.8, EDTA
may precipitate.

Stlr the solutlon v;gorously for at least 30 mlnutes to
precxpxtate the magnesium salt of EDTA. Allow the prec1p1tate to'
settle overnight.,

Filter and adjust the filtrate to pH 5.8 with approximately 3 ml
Iiu ammonlum hydroxlde. Add 20 ml buffer solutlon (pH 4, 6) and
adgust pH to 4.6 with 68 hydrochlorlc acid or dllute ammonium
hydroxide then dilute to 1 liter. (Note: Use E&D No. 513, 32 cm

folded paper or equivalent to filter the magnesium salt,)

Let the solution flow through the resin column at 20 ml per

. minute. Stop the flow when just enough solution remains to cover

the resin,

Comblne 200 ml 6 percent EDTA and 400 ml water. adgust to pH 5.1
Wlth GN ammonium hydroxlde. place in reservoir, and let flow at
20 ml per minute. .

Record time at end of elution as beginning of yttrium-90
ingrowth.

Wash the column with 200 ml water at a flowrate of 20 ml per
minute. Discard all the effluents.

Place 460 ml 1. 5m hydrochlorlc acid in reservoxr. and elute at a
flowrate of 10 ml per minute.

Discard first 60 ml of effluent. Collect the next 400 ml, which
containe the strontium fraction. ' ' |
Regenerate resin with 600 ml 4 sodium chloride at a flowrate of
10 ml! per minute and collect the effluent. This contains the
barium fraction, ' N

Hasﬁﬁﬁhe column with 200 ml distilled water.

To the strontlum fractlon, add 210 ml concentrated ammonium

Slowly add 10 ml 3ﬂ sodlum carbonate solution and stir for 30

-mlnutes.

Collect the strontium on tared membrane f11ter. Wash 3 times,
oncepw;th 10-ml portions of each: deionized water, 95 percent

alcoﬁol. and diethyl ether.
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Welgh. and count radlostrontlum in a Tennelec model LBSIOO

low—background beta counter. after a suitable delay to allow for

radon decay.

1f the first count is not obtained within thirteen hours (i.e.,

counter jams, power failure, .etc.), the sample must be .

reaualyzed. "If the total amount of the sample is very limited or

a time factor is 1nvolved. xepeat the reprec1p1tat10n procedure

as follows.

a, Add filter paper and preclpxtate to a 40 ml centrlfuge
 tube.

b. Add 5 ml concentrated nitric acid to redissolve sample,

" ‘Digest for 10 minutes.

c. Remove fllter paper from centrifuge tube. Rinse filter
;wlth concentrated nltrlc ac1d from dropplng bottle.

d. “Add 20 ml of fumlng nitric ac1d.

e, Cool in ice bath for 30 minutes. _

f.'pCentrlfuge and pour off liquid (fum1ng nitric acid).
 Record time (separatxou time).

g “Add approx1mate1y 5 ml of water to redissolve the sample.

h. Add 5 ml concentrated ammonium hydroxide. While stirring
~add 4 ml 3N of sodium carbonate.' Stlr for 10 minutes.

i. Filter on a tared filter. Wash three times, once with a
:10 ml portlon of each: deionized water and ethyl ‘alcohol.’

j. Weigh as strontium carbonate and count for Sr-89 and

. Sr'90 »
Calculat1on of Results
Strontlum~89 90 results are obta1ned u51ng the followxng

equations.

Strontium-90 Calculations:

pCi¥§;~90/unit = [AJLB] - fCl[DY b 1
: : [1+(EX(F)I(A) - £1+(E)(_G)](c) (2.22)(HI)(I)
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A, C,

Decay of S5r-8% from the ‘time of collection to the time of
the first count is figured to the nearest ome-half day.

Net counts per minute of total strontium on second count is

fflgured to the nearest tenth,

‘Decay of Sr-89 from the time of collection to the time of the

- gecond count is figured to the.nearest one-half day.

Net counts per minute of total strontium on flrst count is

“figured to the nearest tenth.

Ratlo of the Y-90/8r~-90 counting efficiencies (including

'self*absorptlon corrections).

Y-90 ingrowth from the time of separation to the time of

‘ second count is flgured to the nearest hour,

JIngrowth of Y-90 from time of separatlon to tlme of f1rst
count is flgured to the nearest one-half hour.

ﬂCountlng efflclency of Sr-90 (1nc1ud1ng self—absorptlon

..correction).

Chemical yield of strontium,

Semple volume in liters of sample weight in grams.

F, G were once found by tables but are now found by the TI59

program 31nce all functions of e - At where ) is the decay constant of

the nucllde and t is elapsed time.

E, H, are EfflClEﬂCleB corrected for self-absorptlon that have been

determlned by cal1brat10n.

Strontiuﬁf89 Calculations:

pCi Sr-89/unit = A - {1+ X

S (F)(G%(H)Z.Z_Z
‘A = net cpm total strontium on firét'jgyni .
B =_Y 90 ingrowth from time of separation to the time of first
count.
: C_¥ Ratlo of Y-90/8x- 90 countlng eff1c1enc1es (1nc1ud1ng
fbelf-absorpt1on correctlons)

Net epm of Sr-90
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CE = Decay of Sr-89 from time of collection to the time of first
count,

F = Chemical yield of strentium...

e =<Count1ng efficiency of Sr-90 1nc1ud1ng self abaorptlon
':correctlons.

H = Sample volume in liters or sample weight in grams,

C and G are eff1c1enc1es corrected for self absorptlon that have been
determlned by callbratlon.

Wlth the exceptlon of the exposure and dose rate conversion

: factors_for portable gamma and beta-gamma Survey meters; 1nstruments

were callbrated w1th NBS- traceable atandards. The callbratlon

procedures for these portable‘lustruments are descrlbed above,

Quality control procedures on all instruments included daily
background'and check-source measurements to confirm lack of

malfunctlons and nonetatlstlcal deviations in equipment. The ORAU

' laboratory participates in the EPA Quality Assurance Program.
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GUIDELINES FOR CLEANUP OF FORMERLY UTILIZED SITES
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_ Guidelines for Cleanup of Formerly Utilized Sites

Ihe:éoil cleanup criteria for the Modern Landfill property and
other FUSRAP sites are based primarily upon Ra-226 activity in the

soil. The criterion for Ra-226 in soil is:

The average soil concentration of Ra-226 attributable to
resiﬁqal radicactive materials from MED/AEC activities

shaiiinqt_exéeed_5 pCi/g after ciéanup where:

(a) The concentration is averaged through a 15 cm layer
Cat any suspéct depth (with removal'bf overlying
‘contaminated material and bore-hole logging data
: verifying absence of buried contamination -- sampling

ghall apply only to the exposed 15 cm layer)};

(b) the concentration is specified per gram of soil on

“dry weight (not.in situ weight) basis; and

(¢) 'the concentration is averaged over any contiguous 100
square meters as determined from a composite of four
* samples, each taken at the approximate cemter of each

“T25 square meters of said 100 square meters.
In addition to Ra-226, limits‘of 80 pCi/g of‘Cs—137 and 100 pCi/g

~of Sr-90 have also been applied to sites where fission product wastes

are present.
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APPENDIX C

Evaluation of Radiation Exposures
on Portions of the
Modern Landflll. Inc. PrOperty

Lewxston. New York

INTRODUCTION

The U. S. Department of Energy has completed a radiological
survey and determined that portions of the Modern Landfill, Inc.
property.rLewiston; New York, are presently contaminated with
low-level radioactive residues resulting from previous uses of this
property. This property is part of the Former Lake Ontario Ordnance
Works (LOOW) site where radioactive wastes from Manhattan Engineer |

District and Atomic Energy Commission operations were handled and

étored. These wastes were primarily residues from uranium processing

operations; however they also included contaminated rubble and scrap
from’decoﬁmissioned facilities.'biological and miscellaneous wastes

from the UnlverSLty of Rochester. and low'level fission product waste

" from contamlnated liquid evaporators at the Knolls Atomic Power

Laboratory (KAPL) in Schenectady, New York. Recelpt of additional
_dlscont1nued at the LOOW site 1n 1954, Although some

storage ofrradloactlve materlals on a portlon of the site continues
under the control of the Department of Energy, work involving
handliﬁg"of radioactive waste has not been performed at LOOW for

approximately 25 years.

In 1954 a preliminary cleanup of the LOOW site was performed by
Hooker Chem;cal Company. Approxlmately 1298 acres of the orlglnal
1511 ocrowoite were then declared excess and eventually sold by the
General $g:viceo Administration to various private, commercial, and
governmeﬁéal agencies.  Modern Landfiil. Inc. is the cufrént owner of

a 199 acre tract from the former LOOW property and proposes.to

c-1
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operate ai;anitary landfill on ﬁhgt site;__A triaﬁgula: shaped
section of that tract, 16 acres in area, was thoroughly surveyed in
January 1§81, and found to contain radioactive contamination,
Remediai action to remove radioactive residues which were identified
by this survey was performed by the property owner in June 1981. |
Followiﬁg.fhis CIeanuﬁ activity, a final survey was conducted by Oak
Ridge Associated Universities, Oak Ridge, Tennéssee. The flndxngs of
that survey indicate that small quantities of. ces1um-137,

_ stront1um-90, and radlonuclldeswfrom the _naturally occurring ur anium,
actinium, and thorium decay series are still present in the surface

soil at this site.

Ceéi;;?l37 and strontium-QO are man-made radionuclides created
through the fission process such as in a nuclear reactor. Both have
' hélf-liﬁé§£ of approximately 30 years. Cesium-137 emits beta and
gamma radiation; strontium-90 emits only beta radiation. The _
naturally occurring decay series, known as the uranium, actinium, and
thorium series, are believed to have been created when the.earth was
'formed. and they are still present today because of their very long

:‘half llves. These series are presented in Tables C-1, C-2, and C-3.

As Q%Eadionuﬁlide decéyé'it‘chaﬁgés into andthé; substance. In
the case of uranium-238; for example, the decay produces thorium-234,
Thorium-234 is called the “daughter” of uraﬁium-238; uranium-238 is
the "parent” of thorium-234. In turn, thorium-234 is the parent of
prdtactiﬁfﬁm;234. Radioactive decay started by uranium-238, '
uranium-235, or thorium-232 continues as shown in the tables until a

stable'nuclide is formed.

The radlonuclldea 1n these decay series are present 1n small
quant1t1es throughout the env1ronment. Conceutratlons of them
normally occur in soil, air, water. food, etc., and are referred to

as background concentrations, Radiation exposures resulting from

* The half-life is the time requzred fbr half of the atoms of a
radioaﬂtzve substance to disintegrate ("decay" or transform).
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this envirommental radioactivity are referred to as background
exposures, These background exposures are not caused by any human
activity;'ahd to a large extent, can be controlled only throﬁgh man's
moving to areas with lower background exposures., Eachk and every

human receives some background exposure daily.

" The use of radiocactive materials for sciemtific, industrial, or
medical purposes may cause radiation exposures above the background
level to be received by workers in the industry, and to a lesser
extent, Hi members of the general public, Scientifically based

guidelines have been developed to place an upper limit on these

. additional exposures. Limits established for exposures to the

general public are much lower than the limits established for workers

in the nuclear industry.

_'RADIATION LEVELS ON THE MODERN LANDFILL PROPERTY

The survey identified elevated levels of direct radiation and

contamina;ion of the soil above the normal background levels. The

‘major radionuclides noted in these soils are radium-226, cesium-137,

and strontium-90. Increased levels of radioactivity resulting from
contamin#pgd residues on this property can result in increased
iadiatioﬁméXPosufes to'persbns. The exposurée comes from two primary
sources or pathways: direct radiation emitted by the radionuclides
in the residue or soil and inhalation of radon gas and its daughter
products.* Additional exposures may also be received through
ingestion of contaminated food or water or through inhalation of
radionuclides suspended in the air. In Table C-4 the exposure levels
associatéd with the Modern Landfill property are.summarized and

cdmpared with the guidelines and background radiation levels.

* Radon-222 is a gas that results from the decay of radium-226, «
member of the naturally occurring uranium series (see Table C-1).
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As Tables C-1, C-2 and C-3 indicate, several members of the
_naturalldeccurring decay series emit gamma radiation as does
cesium~137, (Gamma rays are pentrating radiation like X-rays).
Conitaminated areas can, therefore, be éources of external gamma

radiation exposure,

The Natlonal Counc11 on Radlatlon Protection and Measurements
has recommended a maximum annual whole- body exposure of 500,000
microroentgens* per year to an lnleldu&l exposed in the general
populatlon. Thls 18 equlvalent to a contlnuous level of
approxlmately 57 mmcroroentgens per hour., The maximum radlatlon
level on the Modern Landfill property is 49 microroentgens per hour,
tﬁerefore;?the maximum annual external exposure possible at this site

would be approximately 375,000 microroentgens. It should be noted

“that this level occurs only in a very small portion of the property

and is due mainly to materials stored on the adjacent DOE facility,

also, thié:ekposure is based on continual occupancy of that ares. It
is improbable that individuals would spend more than a 25% of their
time on the site in general, and only a portion of that time would be

spent in Eﬁé region'of highest éxposure levels. The average exposure

level on the property is 15 microroentgens per hour and is a better

estlmate of the average exposure an 1nd1v1dua1 might receive. For
comparlson. the average background level in ‘the Lew1ston area is
about 6 mlcroroentgens per hour and continuous exposure at this level
would produce an annual exposure of about 52,400 microroentgens.
Also, a tyﬁical chest X-ray (according to data from the Department of
Health and Human Services) mlght yield an exposure of about

27 coo0 mlcroroentgens.

The soil is slightly éontaminated with radium, cesium, and

strontium which emit beta and gamma radiations. Nuclear Regulatory

Commission (NRC) guidelines for decoﬁmissioning former nuclear

* The Roentgen ig the wnit of exposure to X~ or gamma. radzatzon. A
mzcroroentqen is one-millionth of a Roentgen.



.facilitieaﬂxequife that the average beta-gamma dose rate measured at
a distance of one centimenter above surface does not exceed

0.2 m1111rad* per hour. The maximum Beta-gamma dose rate measured at
this site was 0,085 m1111rad per hour and the average was

0.030 millirad per hour, well within that guideline. The primary
concern of this NRC guideline is exposure of skin surfaces. The
thiékness_of ordinary shoe soles is adequate to protect the skin of
feet ffomKEéta radiation. Other areas of bodj skiﬁ are adequately
protected from these exposures if they remain away from these
surfaces. In most cases, exposures are negligible at a distance of
~one foot away from the surface, DPotential exposures to beta-gamma

radiation from surface resldues are therefore negllglble at thls

Snmseifed
i

.fac111ty.
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The deposits of radium-bearing residues in soil may be indirect

sources of radiation exposure on site. As shown in Table C-1

radium-226"¢hanges to radon-222 as a result of radioactive decay.

. Radon-222 is an inert gas which can emanate from the ground and with

its daughter products result 1n lung exposures., Radon concentrations
are cont1nuously monitored near the Modern Landfill site by Mound
Laboratories and averaged approximately 0.29 picocuries** per liter
of air between October 1980 and April 1981. The guideline for
continuous exposure of the general public is 3 picocuries per liter.
For comparison the average level monitored in the town of Lewiston

‘during the same time period was 0.20 picocuries per litet.
Q ] E g - i I -
Loose radicactive contamination can result in exposure througﬁ

ingéstibﬁ'(éating or drinking) of contaminated foodstuffs or

inhalation of radionuclides that become airborme through

resuspension. The low-levels of contamination in the soil of this

* The rad s the wunit of beta-gamra dose A millirad iz one-thousandth
of a rad

** The curie is the unit tndzeatzng the quantity of a radioactive
substance., A ptcocurze 18 one»milltonth~mtllzonth of a curie.

C-5
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e property and its projected use as a landfill, which will result in
;,q ' covering the existing contaminated soil, preclude significant
%;é ‘exposures through these pathways.
~
i
i | | ESTIMATES OF HEALTH EFFECTS
o The primary health effect associated with radiation exposure is
k. .. .. . gn increased risk of cancer. In general, the risk is assumed to
= o __1ncrease as the total dose of radlatxon 1ncreases._ Total dose is i
- ' : dependent not only on exposure rate and concentration levels on the
- property._but also on the nature and duration of the exposure., In
b additioqf‘a given individual's inprgased risk is dependent upon mamy
factors={ﬁcluding'the individual's age at onset of eXPpo Sur e,
rﬁ variability in latency period (time between exposure and physical
evidence of disease), the individual's personal habits and state of
~ health, previous or concurrent exposure to other hazardous agents,
{%; ‘and the individual's family medical history. Because of these
- variables, large uncertainties would exist in any estimates of the
Sus number é%fincreABed”cancérb in a relatively small working population
such as that at the Modern Landfill, Inc. site. Estimates of the

increased:risks have been calculated and are given in'Table Cc-5.

Assumptions made in performing these calculations are:

1. Thé 1evé1s reported in Table C-4 afe'représéﬁtative of the.
N : conditions and will not change during the year or from year to

year,

"2. Average exposure levels in Table C-4 are representative of the

averages to which an individual working on the property might be

5;;: exposed,

s 3. ‘An individual would spend a worklng lifetime, i.e. 40 hours per
h week, 50 weeks per year, for 45 years (age 20 to 65) on the site.
[
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4, 'Background exposure rates to individuals while not on the
property will be & microroentgens per hour from external gamma

radiation.

- The risk estimates are based on the 1980 Natiomal Academy of

Sciences report, "The Effects on Populations of Exposure to Low Levels

of Ionlzlng Radlatlon. and the 1977 report by the Unlted States

Scientific Committee on Effects of Atomic Radlatlon. The llfetlme

_risk est1mate used to calculate the values in Table C-5 is 100 cancer

deaths per m11110n persons exposed per rem of radiation exposure. It

is belleved by many radlatlon blologzsts that with low dose rates such

as thoselwncountered at the Modern LandeII property, the actual rlsks_

of cancer are much less than 100 per m11110n persons per rem, zero not

m,.belng excluded

Because radon concentrations on this property are essentially
background;'no dose or risk from this pathway was evaluated or
calculated Exposures and risk from the Becondary pathways of
1ngest10n of food grown on. contaminated 50115 and inhalation of air

containing radionuclides resuspended from the soil are considered

"negllglble. based on the low-levels and the 1ntended use of this

property. Exposures and rlsk are therefore 11m1ted to one

pathway-direct exposure to gamma radiation.

_ The estlmated increased risk due to cancer from exposure to the
average radlatlon level on the Modern Landfill property for a working
lifetime 15 0.09 per 1000 deaths, This can be compared with the

average iifetime risks of cancer in ﬁiagara County of 218 per 1000

deaths baséd on 1977 crude death rate statistics for this same year,

The average lifetime risks of cancer in the State of New York and the

United States are 216 per 1000 &eaths and 203 per 1000 deaths

respectively. An individual working under the assumed conditions will

therefore be subject to an increased risk of dying from cancer of

- 0.009 percent or an increase in total risk from 21.8 to 21.809 percent
- when ¢ompa}ed to the average risk in'Niagata County. This may also be
_expressed as a percent increase in overall risk of getting a fatal

_cancer of 0.04 percent.

C-7



-

SUMMARY

In summary, pdrtions of the Modern L#ndfill property at the
former LOOW site are contaminated with IQw;levgl residues containing
cesium-137, strontium-90, and naturally occurring radionuclides. The
level of rad1um-226 contamxnatlon in the surface soil in one area
exceeds the present crlterlon for release of property for unrestrlcted
use. Although this contamination is capable of pxoduclng slight
radiation exposures to persons on this property, these exposurés are
well within the scientifically-based guidelines, and risks to such

persons are negligible.'




e

™

TABLE C-1

 URANIUM DECAY SERIES

Decay Products

Bismuth-214
Poionium~21&
Lead-210
Bismuth-210
quﬁnium~210

Lead-206

2/10,000 second

22 years

.5 days

140 days

stable

alpha
beta
beta
alpha

none

Parent Half-life Davghter
_Uranium-238- 4,500,000,000 yrs. aipha Therium-23%d
Thoriuﬁ-23ﬂ 24 days beta, gamma Protactiniwm-234
Protactinium-23ﬂ‘ 1;2 minutes beta, gamma Uranium-zam.
Uranium-234 250,000 years alpha Thorium-230
Thoriuw-230 80,000 years alpha Radigmwzzﬁ
Radium-226 1600 years alpha Radon-222
Radon-222 3.8'days alpha Polonium-21 8
Polonium-218 3 miﬁutes alpha Lead-214
Lead-214 27 minutes beta, gamma Bismuth-2%4

20 minutes’ beta, gamma | Polonium-214

Lead-210
Bismuth-210
Polonium-210
Lead-206

none

gy




TABLE C-2

ACTINIUM DECAY SERIES

Decay Products

Parent Half-life Daughter
Uranium-235 _ 710,000,000 years alpha Thorium-231
Thérium-23 1 25.5 hours beta Protactinium-231
Protactinium-231 | 32,000 years alpha Actinium-227

- |Aetinium-227

Thorium-227

Radium-223

‘(Radon~-219
|Polonium~-215

ilead-211

Bismuth-211

" |Thallium-207

21.6 years

18.2 days
11.4 days

h.O seconds
.0018 seconds
36.1 minutes
2.15 minuteé

.79 minutes

beta, gamma
alpha
alpha
alpha
alpha
beta, gamma
alpha

beta

Thorium-227
Radium-223
Radon-219
Polonium-215
Lead-211
Bismuth-211
Thallium-207

Lead-207
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TABLE C-3

- THORIUM DECAY SERIES

. Parent Half-Life Decay Products Daughter
Thoriwm-232 _ 14 billon years alpha - | Radium-228
Radiun-228 5.8 years beta Actinium-228
Actinium-228 6.13 hours beta Thorium-228
Thorium-228 1.91 years alpha Radium-224
Radihﬁ-22h . 3.64 days alpha Radon-220
Radon-220 55 seconds alpha Polonium-216
Poionium§216 .;15.seconds alpha Lead~-212
Lead-212 10.6 hour beta Bismuth-212

Bismuth-212

Thallium~208

Polonium-212

60.6 minutes -

3.1 minutes

.0000003 seconds

alpha (1/3)%
beta (2/3)*%

beta

alpha

Thallium-208
Poloniuvm-212

Lead-208

Lead-208

¥Two decay modes are possible for Bi-212,

L C-11
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SUMMARY OF EXPOSURF LEVELS ON MODFRN LARDFILL INC

TABLI‘ C-4

LEWISTON, NEW YORK

o T“?'.ffﬂ fTT 

|

PROPERTY -

el O §

Levels on Site

Backgroﬁnd Levels

. Cuidelines for .

Guidelines for

developed by Los Alamos
Sci. Lab. for clesnup at
sites contaminated by
fission product residues.)

Exposure Source Average Maxi mum General Public Radiation
Horkers
~ Gammna. Radiation -15 wR/h ° 49 uR/h 6 uR/h 0.5 rem per year for 5 rems per year
from cesium-137 individual} equivalent to ' S
_and uranium, 250 pyR/h above natural
thorium, and background for 40 h/wk
actinium decay and 50 wk/yr or 60 uR/h
series continucus exposure,
. Radon in air 0.29 pCi/liter © - 0.20 pCifliter 3 pCi/liter 30 pCi/liter
{(10/80-3/81) (Lewiston,
10/80-3/81)
Radionuclides in
Soil
Radium-226 1.8 pCi/g 23 pCi/g Approx, 1.0 pCi/g EPA Interim Mill Tailings none
Criteria is 5 pCi/g above
background averaged over
100 mZ
Cesium-137 3.6 pCi/g 69 pCi/g Approx. 0.5 pCi/g 80 pr/g above background none
: {Criteria developed by
Los Alamos Sci. Lab.
for cleanup at sites -
contaminated by fission
product residues.)
Strontium-90 0.55 pCi/gd 111 pCi/e < 0.5 pCi/g 100 pCi/g (Criteria none

to penetrating gamma radiation.

equivalent to one rem.

The Roentgen {(R) is a unit which was defined for radiation protectibn purposes for people exposed
A microroentgen (uR) is one millionth of a Roentgen.
"The rem is the unit of ionizing radiation that produces the same biological damage in man as an

absorbed dose of 1 roentgen of high voltage x-ray. A roentgen of gpamma exposure to a man is

The picocurie (pCi) is a unit which is defined for expressing the amount of radicactivity present
in a substance. 1 pCi = 10-12 (i,
Based on the average cesium concentration and an average Sr/Cs ratio of 1/6.5.
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TABLE C-5

Lohih SUMMARY OF WORKING LIFETIME RADIATION
. :EXPOSURES AND ESTIMATES OF 'ASSOCIATED CANCER RISK
FOR MODERN LANDFILL PROPERTY, LEWISTON, NY

Source o Working Lifetime Dose Increased Risk
of _ Equivalent Corrected Due to
Exposure - ‘ for Background All Cancers
External gamma 0.9 rems 0.09 per 1000 2

radiation _
Radon | 0 o 0
‘Inhalation of dust o . 0

and ingestion of
foods grown on site

TOTAL | 0.09 per 1000 b

a Uslng risk coefflclent of 100 cancer deaths/lo6 person rem. This

is approximately a mean value from BEIR-III (1980) and UNSCEAR
(1977).

b The averagé.lifetime'risk of death due to cancer in the United
~ States is 167 per 1000 (16.7 percent)}.
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