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POST REMEDIAI ACTION SURVEY
PROPERTY OF UODEBN I.AT{DFILL' INC.

LEI{ISTCII' NE$I YORK

INTRODUCTION

Beginning in 1944, the Manhattan Engineer Distr ict  and i ts

succe8BOrr the Atonic Energy Gonmission (AEC)r u8ed Port ions of the

Lake Ontar io Ordnance norkg ( lOm), Lewistorrr  New Yorkr for storage of

radioact ive wastes. Theae wastes were pr imari ly reeiduea fron uranium

proceeaing operat ions'  however '  they also included: contaminated

rubble and acrap fron decommiseioned faci l i t ies, biological  and

niecel laneous wasteB fron the Univerei ty of Rochesterr and low-level

f iseion-product waste from contaminated l iquid evaPoratore at the

Knol ls Atomic Power Laboratory (KAPL). Receipt of  radioact ive waete

was diecont inued in 1954, and fol lowing cleanup act iv i t iee by Hooker

Chemical Co.r 525 hectares of the or igiaal  612 hectare LO00l ei te were

declared surplue. Thie property wae eventual ly aold by the General

Services Adninistrat ion to var ioue pr ivate'  commercial '  and

governmental agenci"s. I

! , todern Landf i l l ,  Inc. is the current owner of a 81 hectare tract

from the former LOgfl  property (Figure l ) .  A tr iangular shaped

sec t ion ,6 .5  hec taree  in  a rea  loca ted  in  the  nor thwest  corner  o f  th ia

t ,r8ct,  hag undergone radiological  agseesmeut fol lowed by renedial

act ion to renove radioact ive reeiduee. That eect ion is the subject of

this eurvey report .

S i te  Descr ip t ion

The si te is bounded on al l  eidee by paved roade--Cast le Garden

Road on the west,  "0" Street on the northr and Vine Street on the

southeast.  The actual property boundariee l ie 50 f t  eaet and south

respect ively of the center l inee of Cast le Garden Road and "O" Street '

A chain l ink fence along the weet and north boundariee eeparatee

Modern Landf i l l  property frorn the Departmeot of Energyre Niagara Fal ls

I
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storage si te.  The land i8 level with sl ternst ing oPen and 8P8r8ely

wooded area8. surface featuree include a rai l road track with three

Bpurs, a drainage di tch ( 'k-  di tch),  and concrete foundat iona of four

bu i ld inge (706,  707-8 ,  707-F '  and 718)  wh ich  were  Prev ioue ly

demoliahed. There are also several  pi lea of bruah and debris from

land clearaDce during an earl ier radiological  survey. Figure 2 ie a

p lo t  p lan  o f  the  g i te .

Radiologicql  History

Records and past aer ial  photographs indicate that containere of

radioact ive wastes were handled and/or stored on the l lodern Landf i l l

property.  Theee !ra8te8 were pr inar i ly K-65 residues fron the

high-grade Afr ican o!€8r Drums of this mater ial  t tere temPorari ly

stored along Vine Streetr Caat le Garden Roadr and "Oo Streett  await ing

tranafer into the concrete tower located on the DoE property north of

*0" 
Street,  or ehipment to Fernald, Ohio. Limited etorage and

handl ing of f ieeion product waste8 fron KAPL ie aleo bel ieved to have

occur red  in  the  v ic in i ty  o f  bu i ld ings  707-F and 718,  near  Cast le

Garden Road. Radiological  gurveys, conducted by the Oak Ridge

operat ions off ice of the AEC in June 1972r showed elevated direct

rad ia t ion  leve ls  a long V ine  St ree t  near  i te  in te raec t ion  w i th  Caet le

Garden Road and at the northeaet corner of the Property.2 Th"t"

la t te r  leve ls  s re  due pr imar i l y  to  the  K-65 ree idues  g to red  in  the

nearby towetr.  Surface eoi l  contamiuat ion was aleo noted at eeveral

locat ions and l in i ted renoval of  goi l  was performed in those 8f€88o

The radiat ion levels were reduced to leeg than 50 u R/h above

background at three feet above the eurface--the guidel ine used by the

AEC for decommiesioning exeeo8 propert iee'

In October 1978, an aerial  radiological  survey of L000 wae

conducted by EG&G. Thie survey did not ident i fy eigni f icant gamEa

radiat ion level8 on the Modern Landf i l l  property.3 f ,oweverr a nobi le

acan of acceeeible Lool l  roadsr Performed by oak Ridge National

Laboratory in Novenber 1980, conf irmed the earl ier AEC f indinge'4 In

January 1981, a conpreheneive survey of the Modern Landf i l l  s i te wae



conducted by Oak Ridge National Laboratory.5 The eurvey indicated

that the central  Port ion of the property contained no radioact ive

residues, but that surface soi l  near bui lding foundat ione 707-F and

718 contained elevated levele of Ra-226 and Ce-137 and that there were

elevated concentrat ione of Ra-226 along port ions of Vine Street '  The

poaeibi l i ty of  bur ied containera of pyrophoric zirconium scraP near

bui lding foundat ious 707-E and 706 sas aleo raiged.

Under an agreenent betneen Modern Landfil I and the Department of

Energy (oon)r reuedial  act ion was perforned during May and early June

1981 to remove areaa of soi l  exceeding the release cr i ter ia.  Soi l

removal wae performed in the vicinity of pade 707-F and 7l'8 and

approximately 2 to 4 n ei ther side of Vine Street.  The soi l  ldas

t rans fer red  to  the  ad jacent  N iagara  Fa l le  S torage S i te  (n fSS)  o f  DOE

for interim etorage. Thie work was perforned by the property owner

with radiological  support  provided by the Eberl ine Inatrunent Corp'  r

Albuquerquer New Mexico. Ground penetrat ing radar surveys were also

conducted around pade 707-E and 706 to ident i fy subsurface metal ic

depoaite which night be buried zirconium or other wastes --  none were

found. A more detai led descriPt ion of the remedial  act ion and the

reeulta of the eupport ing survey wi l l  be preeented by Eberl ine

Instrument Corp.,  in a separete report .

Fol lowing the remedial  act ion the post remedial  act ion eurvey of

the property hres perforned on June 25-27 I 19811 by Oak Ridge

Aseoc ia ted  Un ivera i t iea .

SURVEY PROCEDURES

Objec t ives

The object ives of thie survey were to ver i fy the adequacy of

remedial  act ion, and to evaluate the current radiological  statug of

the property with reepect to the guidel ines for release for

unres t r i c ted  uge.



Procedures

1 . Grid Systenr

A 100 13* gr id system wag establ iehed on the l lodern Landf i l l

property a8 parr of  the January 1981 radiological  survey (Figure 3) '

Thie gsme baee gr id sy8tenB was ueed for the remedial  act ion and

post-reEedial  act ion 8urveys, al though a more cloeely apaced l5 f t

gr id wae establ ished in the vic ini ty of the bui lding foundat iong and

along Vine Street.  To einpl i fy eanpl ing point ident i f icat ion along

Vine Streetr ORAU aleo establ ished addit ional gr id pointe at 50 f t

intervals along the road center,  beginning st the f ,ence l ine near

Caetle Garden Road. Theee gr id points were later refereoced to the

main property grid for survey report uniformity' Figures 4 and 5

indicate the gr id systems ueed for the poet remedial  act ion survey'

2. Confiruation of Previous Survey Findinge

It  wae poeaible that renedial  act ion act iv i t iee near the bui lding

foundat iong and along Vine street may have resulted in the epread of

contaminat ion. To determine i f  this had occurred, measurements of

direct radiat ion levele and eampling of eurface eoi l  were performed on

portions of the Modern Landfil I property which had not been dieturbed

by the renedial action. Gamna exPosure rates at I m above the surface

and beta-gamma dose rates at I cm above the eurface were meaeured at

the  in te rsec t ioue o f  g r id  l ines ,  i .€ .  8 t  100 f t  in te rva le '  a long

east/west l ioee c, G, and K, and north/aouth l inee 3, 6,  and 11'

Expoeure  ra tes  were  de termined w i th  NaI (T l )  sc in t i l l a t ion  de tec torE '

croBB cal ibrated with a pressurized ion chanber.  Beta-gamma dose

rate8 were measured using an end-window Geiger-Muel ler detector and a

portable ecaler/ratemeter.  conversion to doae rate (prad/h) wag

perforned by croee cal ibrat ion with a thin wal led ionizat ion chmber'

* English y,athez, tlnn metri,c units of meastne.ment Te 
use^d 

^:: ^tlit 
v'eP)oTt

",n"" 
r,efe?encing thn grid. system, 

-since 
this sgstem uas oniginaLly

established in uni'ts of feet.



Sur face  (0 -5  cn)  eo i t  eamplee  were  co l lec ted  a t  200 f t  in te rva ls  a long

the eame gr id l ines ueed for direct mea6urenents. The radiat ion

level8 and eoi l  concentrat ions htere compared to the data obtained for

the correaponding locat iona during the January 1981 survey. The

locat iona of theee mea6uremente and sanples are ehohrn on Figure 6'

3.  Area of Bui lding Foundat ions

lialkover surface ganBa 8can8 were performed in the vicinity of

the  bu i ld ing  foundat ions  707.E and 718,  us ing  NaI (T l )  ec in t i l l a t ion

detectors. Approxinately 1.5 m intervals l tere ueed for lhe gcan' and

areaa exceeding 10,000 cpn (20 UR/h) at contact with the ground were

noted. Gamna exposure ratee and beta-gamma doge ratee (eee eect ion 2

above) nere measured at I  n and I  cm above the surface respect ively at

the  in te reec t ione o f  the  15  f t  g r id  l inee ,  es tab l i shed dur ing  the

remedial  act. ion. Systematic surface soi l  samples were col  lected at

the  centers  o f  the  15  f t  x  15  f t  g r id  b lockg  ( f igure  7) .  B iaeed

eamples  o f  sur face  so i l  were  a leo  co l lec ted  a t  loca t ione o f  e leva ted

contact radiat ion levels ident i f ied during the walkover acan. During

the surveyr the property owner volunteered to perform addit ional eoi l

rernoval in areas of elevated direct readinge. The rmtoved soi l  l tae

traneferred to the NFSS where i t  waa added to the pi le of debrie which

originated fron the earl ier remedial  act ion act iv i t iee on thie

property.  Fol lowing thie further cle&D-upr each locat ion was

remegsured and reeamPled.

4 . Vine Street Area

A walkover gamna scan was conducted at 1.5 m intervalg, covering

the road eurface and ehoulderse extending 30 f t  ei ther eide of road

center .  Locat ions  o f  con tac t  leve ls  exceed ing  10 ,000 cprn  (20  pR/h)

were ident i f ied, and the ProPerty owner imediately removed addit ional

sur face  eo i l  o r  road eur face  to  reduce the  leve la .  So i l  samples  were

not obtained from the areas of elevated direct readings unt i l  af ter

thie further cl€8t l -upo Gamna exPosure rates and beta-gamma dose ratee

tere meaaured at I  n and I  cn respect ivelyr above the eurface at 50 f t



intervals along the rosd center and 15 f t  and 30 f t  ei ther side of

road center.  Along the eoutheast Port ion of Vine Street eystenat ic

sur face  ao i l  eamples  were  co l lec ted  a t  50  f t  in te rva le '  15  f t  f ron

road center,  and at 100 f t  intervals,  30 f t  f ron road center.  Since

no elevated contact locat ions htere noted from the walkover scan of the

northeast port ion of Vine Streetr eystematic eoi l  eanples were

co l lec ted  a t  100 f t  in te rva le ,  bo th  15  f t  and 30  f t  f ron  the  road

center '  a long th is  por t ion  o f  the  road.  Sanp le  loca t ions  are

ind ica ted  on  F igure  8 .

. 5 . Sanp le  Ana lye is

Soil eamplea were analyzed by gamma spectrometry for Ra'226,

Ce-137, V-235, U-238' Th'232'  and K-40. Six 6amPles having elevated

Ca-137 concent ra t ions  were  a leo  ana lyzed fo r  Sr -90 .  Add i t iona l

infornat ion concerning analyt ical  procedures ie contained in

Appendix A.

RESULTS

Confi 'met ion of January la8l  Survey Reeults

Ganrna-Ray Exposure Rates

The expoeure rateo at I  m above the eurfac€r r€saured at 100 f t

in te rva le  a long the  e ix  g r id  l inea  (C,  G,  K ,  3 ,  6 ,  and l l ) r  a re  l i s ted

on the plan view ( l ' igure 9).  These exPosure rates range between l0

and 21 pR/h, compared to the reeulta of the January 1981 survey when

the exposure rates over the ent ire ei te ranged from 3.6 to 25.9 UR/h.

The lower valuea obtained during the January survey nay be part ial ly

attr ibuted to the Bnow cover Present at the t ine of theae

measurements. There ie a geaeral  increase in the exposure rate aB one

approachea the northeaet corner of the ProPerty due to the proxinity

of the K-65 etorage tower; this was noted during the January l98l



survey al8o. The average expogure

w a e  1 2 . 8  u R / h .

Beta-Guna Surface Doee Ratea

rate within the property boundariea

Surface doae rat,eo meaaured along the six gr id l ines are

preaented on Figure 10. Theee measurements ranged from 15 to

45 prade/h. Theae measuremente conf irm the conclueiong of the January

1981 report '  i .€.  there ig not a eignif icant beta component in the

d i rec t  rad ia t ion  f ie ld  on  th is  p roper ty .

So i l  Samples

Concent ra t ione o f  rad ionuc l idee in  the  eo i l  eamples  co l lec ted

fron the previously surveyed area are l ieted in Table l .  The

concentrat ion of radiun-226 ranged fron 0.63 to L.4 pCi/g. Theae

levels are comparable to the average background radium-226

concentrat ion of L p9i lg for the L00t{ region. The cesiun-137

concent ra t ions  in  theee aame eo i l s  ranged f ron  0 .17  to  L .2  p0 i /g ,

again'  conparable to the average background concentrat ion of

approxinately 0.5 pCL/g for thie region. Uranium-235' uraniun-238,

and thor iun-232 concentrat iou ranges were <0.03' t  to 0.22 pCi/8, <2,3

to  8 .2  p9 i /9 ,  and 0 .52  to  1 .3  pCi /g  reapec t ive ly .  Determinat ion  o f

potaeaium-40' performed as a general  pract ice for eoi l  eamplee'

indicated concentrat ions fron l0 to 17 pCL/9.

Area of Bui lding Fou4dat ions

[{alkover Surface Scan

The walkover gurface Bcan of the area Burrounding bui lding

foundat ions 718 and 707-F indicated l l  locat ione which exceeded

20 uR/h  a t  eur face  contac t .  Theee loca t ioner  ind ica ted  on  F igure  1 l '

ranged from 27 to 265 uR/h and were due to gnal l  ieolated depoeite.

x The Lesr: than symbol indicates that the eoncentv,ation measured urts Less
thnn the ninimum statistics detection LLmit of the proeedt,a'e.



After the property owner removed addit ional eoi l  f ron thee€ at€88r the

contact exposure rates ranged fron 13 to 24 UR/h. Contact radiat ion

levels before end after the addit ional soi l  reooval are preaented in

T a b l e  2 .

Gamna Exposure Rates

Expoeure rates meaeured at I m above the ground eurface ranged

f ron  9  to  18  un /h  w i th  an  average o f  12 .8  uR/h  (F igure  l2 ) .  The leve ls

near foundation 718 are conparable to thoee noted over the remainder

of the property (eee above sect ion on rechecke of previouely eurveyed

areae) .  The leve le  in  the  v ic in i ty  o f  foundat ion  707-F are  e l igh t ly

higher (2-7 pR/h) than thoee near foundat ion 718'

Surface Dose Rates

Beta-gamma eurface doee rates are presenSed on Figure 13. They

range fron 1l  to 85 prade/h with an average level of  27 urads/h'  Ae

was noted for expoeure rates at I  m above the surfacer the surface

dose rates are higher near foundat ion 707-F than they are near

foundat ion 718 and the remainder of the proPerty undisturbed by

remedial  act ion. The di f ference is var iable but averageg

approximatelY two timea higher.

Soi l  Goncentrat iona

concentrat ions of radionucl idea detemined in eurface soi l

samplee from around the foundat ions area are l isted in Tablee 3 and 4'

The syetematic sanples coutained Ra-226 and' ce-137 concentrat ione

rang ing  f ron  0 .36  to  4 .9  p ( , i lg  and 0 .05  to  24  pg i /g ,  respec t ive ly '

Uranium-235, U-238 and Th-232 concentrat ions ranged from <0'03 to

0 .2  pCL/g ,  <1 .4  to  16  pcL lz ,  and 0 '32  to  1 '2  pc i " /g  reepec t ive ly '

B iaeed eo i l  eamples ,  co l lec ted  f ron  the  areao o f  e leva ted  contac t

levele ident i f ied by the walkoV€! 8c8nr contained Ra'226 fron 0'68 to

L2 pCi lg.  These concentrat ione were reduced to 0.59 to 2.6 pCL/g



after addit ional eoi l  renoval.  The Cs-137 concentrat ione ranged from

16 to L025 pl i . /g before further cleanup and from 2.5 Eo 69 pgi/g after

addit ional eoi l  wag renoved. Uranium-235' U-238 and Th-232

concentrat ione were 0.020 to 25 pl i /g,  <6.7 to 49 pCL/g, and 0.44 to

1 .5  pCi /g  respec t ive ly  be fore  and 0 .15  to  L .5  p lL lp ,  12 .2  to  30  p9 i /g ,

and 0 .33  to  1 .5  pCl i /e  reepec t ive ly  a f te r  add i t iona l  eo i l  remova l .  I t

was noted tbat the rat ioe of U-235/235 in eamplee'  containing high

concentrat iong of Ge-137; 8!€ above thoee found in natural  uranium'

i .e.  Li22. This euggests that the KAPL wa8te nay have contained

el ight ly enr iched uraniun along with the f ieeion Products.

Stront iun-90 concentrat ione determined for eix of the biaaed eamPlee'

h igheat  in  ce-137,  ranged f ron  12 .8  to  l lL  pc i /e .  The Ge-137/ tu -90

act iv i ty rat io ranged from 0.5 to 29 with an average of 6.5. There ie

no correlat ion of theee rat ios; however the average indicates that the

Cs-137 concentrat ions exceed the Sr-90 conceutrat iong.

Area Along Vine Street

f la lkover Surface Scan

The walkover gurface scan located numerouo areas of surface

contact levels exceeding 20 UR/h, Theee locat ioner ahown on Figure 14'

wcrre of both a point and extended source (general  contaminat ion)

nature. Meaaur@ents at theee locat ione before and after addit ional

eoi l  removal are l iated in Table 5. These levels ranged fron 36 to

128 uR/h and 1l  to 33 uR/h before and after addit ional c leanup'

re8pec t ive ly .  A l l  o f  theee loca t ions  were  no ted  be tween the

int,ersect ion of Vine Street with Cast le Garden Road and gr id point Fr

9+00.  No e ign i f i can t  inc reasea in  rad ia t ion  leve ls  wh ich  cou ld  be

attr ibuted to regidueg or contaninat ion in surface eoi l ,  were detected

between tr ,  9+00 and the northern boundary fence along "0" Street.

Gamna Exposure Rates

Gamrna exposure rates I n

rauged frorn 9 to 43 uR/h with

above the eurface along'Vine Street

an  average o f  17 .3  uR/h  ( f igure  15) .



Southwest of gr id Point D'  l l+00

20 uR/h; northeaet of thia Point

storage tower -  the levels ranged

levele (gg to 43 pR/h) along the

theee gtored reoidues.

Beta-Gamna Doee Ratee

the levels were between 9 and

- in the direct ion of the K-65

fron 16 to 43 uR/h, with the maximum

north boundary fence l ine cloeest to

Doee ratee at I  cm above the eurface ranged fron 1l  to 75 prad/h

( l ' igure 16).  The average r{as 31 urad/h'  The Pattern for theee

mea'urenents !ra8 eini lar to that for the exposure ratesr with the

higher levels being ooted along the northeastern port ion of the road'

Soi l  Concentrat ione

Table 6 preeents the concentrat ione of radionucl idea determined

in surface soi l  eamplea col lected along Vine Streetr fol lowiug cleauup

of areae of elevated direct radiat ion levele (refer to the previous

eect ion deecribing the resulte of the walkover gurface ecan) '  These

eamplea contained Ra-226 and Ca-137 Concentrat ions ranging fron 0'23

to 23 pCi E and 0.02 to 1.2 pCi le,  resPect ively.  uranium-235' U-238'

and Th-232 concentrat ious rauged from 0.04 to I .4 pqi lg,  <1.9 to

L2 pc i /g ,  and <0.07  to  1 .2  pa i le ,  resPect ive ly '

c o u P A R l s s l o F s u R v E Y R E s u L T s t d l l 3 G U I D E L I N E S

The soi l  c leanup cr i ter ia for s i tee, formerly ut i l ized by the

M a n h a t t a n E n g i n e e r D i e t r i c t a n d A t o n i c E n e r g y C o m m i s e i o n ' a r e

presented in Appendix B. l l i th the except ion of eeveral  emal I  areae

along vine streetr  the radionucl ide concentrat ione in eurface soi l  of

the lfodern Landfil I property are leee than 5 pCL/g of Ra-226, 80 pCi/g

of ce-137r and I00 pci /g of sr-90 above the area background levele'

of  66 eoi l  samplee col lected along vine streetr  f ive exceeded 5 pcLle

of Ra-226 above background; four of these samplea were between 5 and

10 pci /g and baged on the conceutrat iong of other aamples in the eame

10



areas, the average per 100 n2 ie less than 5 pCi/g. One locat ion,

20 f t  eouth of the road at gr id point I+15'  5+90, had a net Ra-226

concenrrstion of 22 pc,i/e Q3 pCL/e minus I pci/g background).

Averaging with three nearby sample locat ions (nr:mbers 160, 161r and

164) wi l l  reeult  in an average concentrat ion over a 100 m2 area of

approxinately 7 .7 p1i/g above background. Thie level exceeds the

cleanup criteria ot 5 p}i,/g above background, averaged over 100 n2 and

add i t iona l  remed ia l  ac t ion  w i l l  be  neceosary  i f  th is  loca t ion  is  to

eat ie fy  the  c r i te r ia  fo r  unree t r i c ted  re lease o f  the  proper ty .

The cleanup cr i ter ia for fornerly ut i l ized ai tes does not provide

guidance regarding direct radiat ion exPosure levele. The Nuclear

Regulatory Conmissionts Standarde for Protect ion Agaiuet Radiat ion

(IOCFR20.l05) l in i ts the annual radiat ion doge to an individual in the

general  populat ion to 500 ni l l i rem.6 A"".- ing cont inual.  expoBUr€r

i .e.  168 h/wk, this ie eguivalent to an average exPogure rate of

approxinately 60 trR/h, There are no locat ions on the Modern Landf i l  I

property which exceed that value.

An evaluat ion of the current radist ion exposures at this ei te ie

presented in Appendix C. This eect ion also comparee these levels with

the background exPosure in the Niagara, New York, area and the

sc ien t i f i ca l l y  baeed gu ide l ines  ee tab l iehed fo r  the  pro tec t ion  o f

radiat iou workers and the general  publ ic.

SUMI,IARY

A poet remedial .  act ion survey wae conducted on a 6.5 hectare

port ion of former Lake 0ntar io Qrdnance l{orks Property belonging to

Modern Landf i l l ,  Inc.,  Lewietonr New York. The gurvey included

surface radiat ion 8c8118r meaguretrents of direct radiat ioo levelst  and

analyeia for radionucl ide coocentrat ione of surface soi l  sanples'

Enphaeis was in areag of two bui lding foundat ione and along Vine

Street where reoedial  act ion had been recent ly performed by the

property orfn€rr During the eurvey several  ieolated regions of

t 1



residual surface contanioat ion were ident i f ied and addit ional eoi l

renoval was perforned in theae regions.

The reaults of the survey indicate that direct radiat ion IeveLe

throughout the proPerty are within the appl icable federal  guidel inee

for unrestr icted areas. Soi l  concentrat ione sat iefy the cr i ter ia for

cleanup of formerly ut i l ized ei teg with the except ion of one emal l

area along Vine Street,  where the average radiuu-226 level of

7.7 pCi/E el ight ly exceede the guidel ine of 5 pci /e.  An evaluat ion of

the potent ial  radiat ion exPosures to person8 at the si te indicates

that the8e expoBures are within the federal  guidel inee and r ieke to

auch persoos are negl igible.

L2
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TABLE I

CONCENTRATIONS OF RADIONUCTIDES IN
SURTACE SOIL FROI'I AREAS OF
}TODERN IANDTITI PROPERTY

UNDISTURBED BY REMEDIAL ACTION

Concentra3ien (pCi/e)
Sarnple
Numbera u-235 u-238 Th-232 K-40Ra-226 C s - l  3 7

I
2
3
4
5
6
7
I
9

l0
l 1
L2
t3
l 4
15
16
L7

0 .g3  t  0 .14b  0 .38
1 .2  !  0 .2  0 .57
0 .73  t  0 .13  0 .18
0 .63  10 .15  0 .17
0 .87  ! 0 .14  0 .32
l . l  t  0 . 2  0 .71
1 .1  10 .2  0 .66
0 ,85  t  0 .12  0 .53
0 .64  r  0 .16  0 .75
1 .4  10 .2  0 .87
0 .87  t  0 .17  0 .92
1  . 0  !  0 . 2  0 .97
0 .88  t  0 .16  0 .89
0 .85  1  0 .15  0 .52
L .4  r  0 .2  0 .69
1 .3  !  0 .2  1 .2
0 .96  t  0 .15  0 .48

0 .08  10 .06
0 .12  t  0 .07
0 .07  10 .06
0 .07  t  0 .06

<0 .03
0 .07  10 .07
0 .08  t  0 .07
0 .05  10 .05
0 .09  10 .08
0 .12  r  0 .07
0 .10  10 .08
0 .08  10 .07
0 .17  t  0 .08
0 .13  t  0 .07
0 .12  t  0 .08
0 .15  t  0 .08
0 .22  1  0 .08

<2 .4
5 .8  !  5 .2

<3 .3
<3 .8
<2 .9
<4 .6

8 .2  !  6 .2
3 .5  !  2 ,9

<6 .2
<3 .5
<3 .9
<2 .7

4 .0  1  6 ,0
2 .6  !  3 .7

<2 .3
7 .2  !  6 .4
8 .6  t  6 .2

0 .90  !  0 .24  L4
0 .67  t  0 .24  15
1 .0  !  0 .2  t 5
0 .75  ! 0 .25  L7
0 .72  !  0 .22  L7
1 .1  1  0 .3  16
0 .61  !  0 .26  15
0 .67  10 .18  l 0
0 .81  t  0 .38  L4
0 .83  !  0 .25  15
0 .52  !  0 .27  t 0
0 .98  t  0 .23  15
0 .91  10 .28  14
1 .1  10 .3  13
0 .68  t  0 .25  L4
1 .3  t  0 .3  L7
1 .1  10 .3  12

1  0 .06
t  0 .09
1  0 .06
t  0 .06
t  0 .07
r  0 . l l
!  0 . 09
10 .08
!  0 .L2
I  0 .11
1  0 . l l
!  0 . 10
t  0 . l l
r  0 . 10
J  0 .09
10 .1
r  0 .09

x 2
t 2
! z
x 2
! . 2
t 2
! 2
t 1
! 2
! 2
t 2
! 2
! 2
! 2
! 2
! 2
! 2

-8 R"f"r  to Figure 6 for eample locat ions.
b  E . ro t "  ind ica ted  are  2o  based on  count ing  Eta t is t i ce  on ly .
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TABLE 2

LOCATIONS NE/AR FOUNDATIONS 718 and 707-E'

I{UERE SURFACE CONTACT EXPOSURE
RATES EKCEEDED 20 uR/h

Locat iona

Rad ia t ion  leve ls
meaeured fol lowing

Grid Point remedial  act ion onlY
(uR/h)

Rad ia t ion  leve le
after addit ional

soi l  removal
(uR/h)

BI
B;2
B3
B4
B5
B6
B7
B8
B9
B IO

D+91 ' l+90
p*43, l+40.
D+32 ,1+34
Dr85,  1+30
E+20, 1+33
E+21, 1+44
E+33, l+41
E+28 ,1+85
E+10 ,  l +75
E+7,  1+89

36
267
N
44
5l
36
27
27
27
29

20
L4
l8
24
18
18
24
22
l6
20

a Refer  to  F igure  l l .
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TABLE 3

CONCENTRATIONS OF RADIONUCLIDES IN
SYSTEMATIC SURFACE SOIL SMPLES

FROM THE AREA OF
BUILDING FOUNDATIONS 707-F AND 718

Concentrat ion (pCi/g)
Sanple
Nunbers Grid Point Ra'226 Cs-13 7 u-23 5 u-238 Th-232 K-40

26
27
28
29
30
3 l
32
33
34
35
36
37
38
39
40
4t
42
43
44
45
46
47
48
49
50
5t
52
53
54
55
56
57
58
59
60
6 l
62
63
64

c+77 .  l +32  L .4
c+77 ,  l +47  I . 2
c+77 ,  l +62  l . l
c+77 ,  I+77  0 .82
c+77 ,  I+92  0 .89
c+77,  2+O8 0.86
c+77 | 2+23 0.gl
c+77 ,  2+38  0 .94
c+92 ,  l +32  1 .3
c+92,  l+47 1.3
c+92 ,  l +62  1 .8
c+92,  l+77 1.6
c+92 ,  l +92  l . l
c+92,  2+08 3,1
c+92,  2+23 3.0
C+92' -  2+38 l . l
DsoB, 2+23 2.2
D+23 ,2+23  1 .6
Dr38,  l+47 2.2
D138 ,  l +62  0 .60
D138 ,  l +77  0 .77
D+38,  l+92 0.75
D+38,  2+09 0.98
D+38,  2+23 L,4
Dr38r  2+38 1.1
D+53 ,  l +32  3 .6
D+53,  l+47 2.8
} }53 ,  l +62  0 .99
IF53 ,  l +77  L .2
D+53 ,  l +92  I . 2
D+53 ,2+08  1 .3
D+53,  2+23 1.3
D f53 ,2+38  1 .0
Dr68,  l+32 4.8
D+58,  l+47 4.9
D+68 ,  l +62  1 .4
D+68 ,  l +77  2 .L
D+68 ,  l +92  1 .5
D+68 ,2+08  1 .5

r  0 .2b  0 .77
t  0 .2  0 .84
!  0 .2  1 .0
r  0 .12  0 .51
1  0 .14  0 .gg
t  0 .14  0 .73
1  0 .15  0 .70
10 .14  0 .51
I  0 .2  2 .3
!  0 .2  2 ,4
r  0 .3  2 .L
!  0 .2  1 .9
t  0 .1  0 .05
t  0 .3  2 .2
t  0 .3  2 .0
!  0 .2  0 .78
t  0 .3  2 .7
t  0 .2  3 .9
!  6 .2  2 .0
t  0 .09  0 .62
I  0 .14  0 .78
t  0 .14  0 .69
I  o .12  0 .56
!  0 .2  0 .93
t  0 .2  0 .96
t  0 .3  4 .3
i  0 .2  2 .0
t  0 .14  0 .82
t  0 .2  0 .7  6
!  0 .2  0 .79
r  0 .2  0 .90
!  0 .2  1 .0
t  0 .1  0 ,49
t  0 .3  7 .5
+  0 .3  7 .9
t  0 .2  5 .0
!  0 .2  L .2
I  0 .2  1 .3
!  0 .2  0 .76

J  0 .08  0 .06  10 .06
t  0 .11  0 .12  t  0 .07
l0 ; l  0 . 07  0 .06
t  0 .08  0 .10  r  0 .06
t  0 .10  0 .11  t  0 .07
t  0 .08  0 .10  10 .07
f  0 .09  0 . l l  t  0 . 07
t  0 .09  0 .04  r  0 .07

0 .2  0 .16  r  0 .09
0 .2  0 .16  r  0 .09
0 .2  0 .15  t  0 .10
0 .1  0 .20  10 .09
0 .04  0 .13  t  0 .05
0 .2  0 .27  10 .18
0 ,2  0 .42  10 .11
0 .10  0 . l l  t  0 . 07
0 .2  0 .40  r  0 .16
0 .2  0 .06  t  0 .06
0 .2  0 .10  t  0 .16
0 .07  0 .07  t  0 .04
0 .10  0 .10  I  0 .07
0 .09  0 . l l  r  0 . 07
0 .07  <0 .03
0 .10  0 .13  r  0 .07
0 .10  0 .14  1  0 .07
0 .2  0 .18  r  0 .12
0 .1  0 . l l  t  0 . 09
0 .09  0 .09  t  0 .06
0 .10  0 .11  t  0 .07
0 .10  0 .08  r  0 .07
0 .10  0 .12  t  0 .08
0 .1  0 . l l  t  0 . 07
0 .07  0 .08  t  0 .05
0 .3  0 .56  t  0 .12
0 .3  0 .47  t  0 .L2
0 .2  L .2  +  0 .2
0 .1  0 .08  t  0 .08
0 .1  0 .15  t  0 .07
0 .09  0 .13  t  0 .07

<2 .5  0 .57
4 .9  !  4 .6  0 .72
3 .5  1  3 .3  0 .73
3 .2  !  3 .7  0 .59

<3 .7  0 .81
8 .8  t  4 .3  0 .49

<3 ,4  0 .65
6 .6  t  5 .9  0 .79
4 .3  r  4 .8  0 .52
4 .3  !  4 .8  0 .43
5 .7  I  8 .1  0 .65

<3 .2  0 .60
6 .1  !  3 .5  0 .46
7 .3  !  7 .4  0 .45

<3  . 7  0 .73
5 .4  !  5 .0  0 .92
5 .8  t  5 .9  0 .59

<2 .5  0 .9  5
<3 .5  0 .87

3 .4  t  3 .5  0 .32
<3 .8  0 .58
<3 .8  0 .67
<3 .1  0 .53

6 .4  t  6 .4  0 .54
6 .6  !  5 .2  0 .46
7 ,8  !  7 .7  L .2

<4 .9  0 .96
4 .4  !  4 .4  0 .37

<3 .8  0 .73
4 .3  !  5 .2  0 .84

<4 .3  0 .76
<3 .5  0 .64

2 .6  I  3 ,5  0 .74
16  t  8  1 .1
8 .9  t  7 .6  1 .0

<3 .8  0 .82
6 .7  !  5 .3  0 .48
4 .1  t  6 .1  0 .57

<2 .9  0 .39

r 0 . 2 0  I l  t l
! 0 . 2 6  1 3  ! 2
r 0 . 2 5  1 3  ! 2
t 0 . 1 8  1 l  t l
! 0 . 2 5  1 3  ! 2
! 0 . 2 2  1 3  1 1
! 0 . 2 3  1 3  ! 2
! 0 . 2 5  1 3  ! 2
! 0 . 2 5  t l  ! 2
! 0 . 2 2  l l  ! 2
r 0 . 2 5  l l  ! 2
! 0 . 2 3  L 2  ! 2
t  0 . 1 9  9 . 1  r  I  . 2
!  0 . 2 9  8 . 9 1  1 . 8
!  0 . 2 7  7  . 3  !  L . 4
! 0 . 2 6  1 3  ! 2
t  0 . 2 5  6 . 7  t  L  . 4
t  0 . 2 1  7 . 5 t  1 . 0
t  0 . 2 5  l l  ! 2
t  0 . l l  8 . 9  +  1 . 0
t .  0 . 2 2  L 2  !  2
l  0 . 2 5  1 2  ! 2
r  0 . 1 9  9 . 7  !  L . 2
! 0 . 2 2  L 2  t l
! 0 . 2 2  t l  t l
t  0 . 3  7 . 1  t  1 . 3
t  0 . 2 6  1 l  t l
t  0 . 2 0  1 l  t l
t  0 . 2 6  9 . 3  t  1 . 4
7  0 . 2 5  1 2  t 2
t  0 . 2 3  L 2  ! 2
2  0 . 2 6  L 4  t 2
1  0 . 1 9  1 2  t l
t  0 . 3  6 . 9 3 1 . 4
I  0 . 3  9 . 3  I  1 . 4
1  0 . 2 1  1 2  t 2
1 0 . 2 3  8 . 5 t l . l
t  0 . 2 4  l l  t l
1 0 . 2 0  9 . 1 1 1 . 3

t
I
+

t
t
1
I
t
f

3

I
=
I
t
t
t
I
1
I

!

t

t
t
t
t
3

3

t
?

+

+
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Tab le  3 ,  con t inued

Sanpl e
Nunber Grid Point

Concentragiel  (pCi/e)

Cs-137 U-235 U-238 Th-232 K-40Ra-226

65
66
67
68
69
70
7T
72
73
74
75
76
77
78
79
80
8t
82
83
84
85
86
87
88
89
90
9 l
92
93
94
95
96

+
I
t
t
I
3
1
t
t
t
r
t
t
+
3

t
t
!

t
t
3
+

t
t
t
t
t
3

t
+

I
f,

Di68.  2+23 0.86
D+68,  2+38 1.4
D+83 ,  l +32  l . l
D183,  l+47 0.36
D+E3,  l+62  I . 2
IF83 .  l +77  3 .9
D+83,  l+92 2.5
Dr83,  2+08 1.0
D+83,  2+23 3.9
Dr83,  2+38 l .g
D198,  l+32 0.42
D+98r l+47 0.54
D+98,  l+52 0.81
Dr98,  l+77 0.83
D i98 ,  l +92  L .2
E+ I5 ,  l +32  0 .42
E+I5,  l+47 0.43
E+ I5 ,  l +62  0 .50
E+ l5 ,  l +77  0 .81
E+15 ,  l +92  l . l
E+30r  l+32  1 .0
E+30,  l+47 0.72
E+30 ,  l +62  0 .58
E+30 ,  l +77  L .2
E+30 ,  l +92  l . g
E+45 ,  l +32  L ,4
E+45,  l+47 1.3
E+45,  l+62 4.4
E+45 ,  l +77  1 .8
E+45 ,  l +92  L .2
E+60,  1+32 0.94
E+60,  l+47 0.96

0 . t l  0 . 10
0 .14  0 .29
0 .1  3 .2
0 .08  0 .90
0 .2  6 .5
0 .2  2 ,4
0 .2  2 .7
0 .2  1 .1
0 .2  2 .3
0 .2  0 .91
0 .10  7 .0
0 .10  I  . 6
0 .13  l 5
0 .12  0 .71
0 .2  L .7
0 .09  3 .1
0 .08  I  . 9
0  . 15  L4
0 .12  0 .77
0 .1  0 .92
0 .1  4 .8
0 .12  3 .8
0 .09  0 .86
0 .  I  0 . 86
0 .2  L .2
0 .2  2 .6
0 .2  24
0 .2  0 .15
0 .2  I  . l
0 . 2  0 .88
0 .14  0 .96
0 .15  I  . l

0 . 09  1  0 .05
0 .05  r  0 .05
0 .26  t  0 .07
0 .11  1  0 .04
0 .25  t  0 .10
0 .27  t  0 .09
0 .20  1  0 .10
0 . r2  r  0 .08
0 .27  !  0 .09
0 .15  t  0 .07
0 .10  t  0 .07

<0 .02
0 .18  t  0 .10
0 .10  t  0 ,06
0 .16  t  0 .07
0 .06  t  0 .05
0 .04  r  0 .04
0 .23  t  0 .09
0 .17  t  0 .06
0 .17  t  0 .08
0 .18  t  0 .08
0 .14  t  0 .06
0 .05  t  0 .06
0 .17  t  0 .07
0 .13  t  0 .08
0 .27  t  0 .08
0 .95  t  0 .17
0 .18  t  0 .08
0 .19  1  0 .10
0 .15  1  0 .07
0 .10  10 .07
0 .14  +  0 .08

2 . 7  !  3 . 8
4 . 2  !  3 . 7
7 . 3  !  4 . 1
4 . 0  !  3 . 2
5 . 2  t  5 . 5

<3 .6
< 3 . 3

8 . 6  r  4 . 9
<3 .6
< 2 . 6

3 . 1  t  3 . 1
3 . 4  !  2 . 7
8 . 2  r  5 . 0
2 . 3  t  3 . 5
7 . 9  t  5 . 4

< 1 . 4
< l  . 9

8 . 9  t  4 . 2
6 . 0  !  4 . 2
4 . L  7  4 . 5

< 1 . 9
3 . 5  r  3 . 8

< 1 . 9
1 . 9  t  2 . 9
7 . L  t  6 . 2

< 2 . 9
1 6  t 7
6 . 7  !  5 . 5

< 4 . 9
3 . 5  t  5 . 1

< 3  . 9
6 . 6  +  6 . 9

0 .74  r  0 .18
0 .57  t  0 .17
0 .94  !  0 .22
0 .44  t  0 .15
0 .62  !  0 .22
0 .78  t  0 .25
0 .66  t  0 .26
0 .82  t  0 .26
0 .79  t  0 .25
0 .60  t  0 .23
0 .49  t  0 .15
0 .57  t  0 .14
0 .57  r  0 ,18
0 .68  t  0 .19
0 .78  i  0 . 24
0 .43  1  0 .16
0 .39  1  0 .12
0 .60  r  0 .17
0 .51  I  0 .18
0 .53  r  0 .20
0 .48  r  0 .18
0 .78  r  0 .18
0 .57  t  0 .17
0 .68  t  0 .20
0 .74  !  0 .25
0 .60  I  0 .24
0 .66  r  0 .20
0 .73  t  0 .23
0 .76  J  0 .28
0 .68  r  0 .24
0 .85  t  0 .25
0 .73  t  0 .24

l l  r  I
9 . 9  t  1 . 2
L 4  ! 2
7 . 0  t  1 . 0
L Z  t l
9 . 4 t 1 . 3
l l  ! 2
9 . 8  t l . 4
9 . 4  t  1 . 3
l l  r  l
8 . 8  t  I . l
7 . 6  t  1 . 0
1 l  t  I
1 0  t I
1 l  1 l
7 . 8  +  I . 0
7  . 2  1 L . 0
L 2  1 l
7 . 7  t I . 2
9 . 1  t t . 3
1 0  t  I
1 2  t l
l 0  t  I
L 2  t l
L 2  t 2
1 2  1 2
1 3  1 l
2 . 5  g  0 . 8
8 . 2  +  1 . 3
9 . 9  1  1 . 4
l l  + 2
9 . 2  + L . 4

I  0 . 0 5
t  0 . 0 5
!  0 . 2
t  0 . 0 8
!  0 . 2
I  0 . 1
!  0 . 2
+  0 . 1
r  0 . 1
1  0 . 0 9
!  0 . 2
t  0 . 1
t 3

0 .08
0 .1
0 .2
0 .1
I

0 .09
0 .10
0 .2
0 .2
08
09
0 .1
0 .2
I

0 .05
0 .1
0 .10
0 .10
0 .1

+

t
t
I
:
+

t
t
f,

t
t
a
I
=
x
3

I
!

+

a
b

Refer  to  F igure  7 .
Errors are 2o baeed on count ing stat ist ica only.
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TABTE 5

LOCA,TIONS ATONG VINE STREET
INDICAIING SURFACE CONTACT

EXPOSURE RATES E:TCEEDING 20 uR/h

Rad ia t ion  leve le  Rad ia t ion  leve ls
meaeured fol  lowing after addit ional

Locat iona Grid Point renedial  act ion only eoi l  r€moval
(uR /h ) (uR/h)

v2 t+85,  l+70
V3 L+85,  l+95
v4 L' 2+70
v5 K+70' 3+00
v6 K+50, 3+00
Y7 K+45, 2+90
v8 K+10, 3+60
v9 J+70, 3+80
vlo r+85, 4+90
vl l  I+70,  4+95
Vlz I+20 '  5+45
V13 I+20,  5+50
Vl4 I+15,  5+60
Vl5 H+70,  6+05
V16 f,+8r 6+50
V17 H+5r 6+55
vl8 c+35. 7+45
V19 G+50r  7+50
v20 c+30, 7+65
vzL c+45' 7+10
v22 

"*35, 
7+20

vz3 G+20, 7+25
VZ4 c+10,  7+60
v25 F+95, 7+65
v26 tr+15, 8+95

44
51
76
7 l

140
89
36

178
67
44
56
56
7 t
44
93

l l l
40
5l
7L
38
44
56
44
78
5l

13
16
l8
27
t6
I I
22
27
l6
22
22
22
22
22
27
l8
22
l6
l 8
20
33
29
20
18
l l

I  Refer  to  F igure  14 .
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TABLE 6

CONCENTRATIONS OF RADIONUCLIDES IN
SYSTEMATIC SURFACE SOIL SAIVIPLES

COLLECTED FROM THE REI,,IEDIAL ACTION
AREA OF VINE STREET

Concentrat ion (pCi/g)
Sanpl e
Number a crid point Ra-226 Ce-13 7 v-235 u-238 Th-232 K-40

102 L+60r 2+20
103 L+25,  l+90
104 K+65r  2+70
105 L+00r 3+00
105 J+85, 3+30
107 K+20, 3+60
r08 J+30,  4+L5
f09 J+60, 4+45
l l0  I+45,  4+70
f l l  I+80r  5+05
l l2  f ,+85r  5+55
I t3  l+ t5 r  5+90
l f 4  H +  5 1  6 + 1 5
f l5  H+40r  6+50
116 c+50,  7+00
r17 c+90, 7+30
f l 8  F+70r  7+60
l l 9  G  ,  7+90
120 F+ 5r 8+40
Lzl F+40, 8+75
L22 E+25, g+05
L23 E+55, g+35
124 Dr70r 9+95
L25 E+ 5r  10+15
126 C+90r 10+50
L27 D+20, 10+80
128  c+25 .  l l +90
L29 C+60, l l+60
130 B+45,  l l+90
f3l B+80r LZ+Z5
L32 A+95, 12+70
133 B+20,  t3+00
f34  A+10 ,  13+30
f35 A+40,  13+65
136  A-10 ,  l 3+65
L37 A-10,  14+30
138  L+70 ,  l +65
139  M ,  l +95

8.0  t  o . f
1 .4  !  0 .2
1 .2  t  0 .1
1 .6  !  0 .2
2 .6  +  0 .2
3 .4  t  0 .2
2 .4  !  0 .2
I . 4  +  0 .2
3 .3  t  0 .3
0 .69  t  0 .10
l . l  t  0 . 1
23  t  0 .1
l . l  t  0 . 1
3 .5  t  0 .2
1 .9  +  0 .2
L .2  t  o . l
1 . 8  !  0 . 2
5 .7  t  0 .3
0 .88  t  0 .13
l . l  !  0 . 2
0 .88  1  0 .15
0  . 97  t  0 .14
0 .73  t  0 .13
0 .85  1  0 .13
0 .59  t  0 .13
0 .77  7  0 .12
0 .83  I  0 . l Z
0 .81  1  0 .13
0  . 77  !  0 .15
0 .76  +  0 .12
0 .64  +  0 . I 2
r . 4  !  0 . 2
0 .94  +  0 .15
0 .81  1  0 . I 2
0 .73  t  0 .1 I
l . l  +  0 .2
3 .5  t  0 .3
1 .5  t  0 .1

0 .50  1  0 .09
1 .2  r  0 .1
0 .22  1  0 .06
0 .52  t  0 .09
0 .23  t  0 .07
0 .50  r  0 .09
0 .46  i  0 .08
0 .41  r  0 .07
0 .45  t  0 .08
0 .04  r  0 .04
0 .46  t  0 .08
0 .60  t  0 . l l
0 . 52  t  0 .09
0 .21  t  0 .06
0 .14  t  0 .05
0 ,60  t  0 .08
0 .44  t  0 .08
0 .33  t  0 .07
0 .09  t  0 .06
0 .71  t  0 .10
0 .70  t  0 .10
0 .59  t  0 .09
0 .31  t  0 .06
0 .67  t  0 .09
0 .54  t  0 .09
0 .47  1  0 .07
0 .54  10 .08
0 .48  1  0 .08
0 .81  t  0 .10
0 .50  1  0 .07
0 .35  10 .07
0 .50  1  0 .08
0 .26  10 .07
0 .42  1  0 .07
0 .10  1  0 .04
0 .48  +  0 .07
0 .37  +  0 .09
0 .04  +  0 .04

0 .63  t  0 .1 I
0 .06  1  0 .10
0 .12  t  0 .06
0 .19  1  0 .07
0 .12  t  0 .08
0 .22  t  0 .08
0 .27  t  0 .09
0 .26  t  0 .12
0 .31  r  0 .10
0 .06  I  0 .05
0 .15  t  0 .06
1 .4  !  0 .2
0 .15  1  0 .07
0 .30  t  0 .09
0 .19  t  0 .07
0 .08  t  0 .06
0 . l l  I  0 . 08
0 .20  t  0 . l l
0 . 05  t  0 .07
0 .08  t  0 .07
0 .10  r  0 .09
0 .07  1  0 .06
0 .12  10 .05
0 .18  t  0 .07
0 .08  t  0 .06
0 .10  r  0 .06
0 .08  t  0 .06
0 .05  t  0 .06
0 .10  r  0 .08
0 .07  t  0 .05
0 .08  t  0 .06
0 .10  t  0 .06
0 .06  t  0 .06
0 .09  t  0 .05
0 .08  t  0 .05
0 .09  t  0 .07
0 . l  l  t  0 , 10
0 .15  t  0 .05

8 . 3  ! 7 . 6
6 . 1  t  6 . 6

< 3 . 8
6 . 5  +  5 . 9

<3 .6
< 2 . 4

l 0  r  8
2 . 6  t  4 . 1

< 4 . 0
5 . 8  r  4 . 8

< 2 . 7
< 6 . 7

3 . 0  t  4 . 5
2 . 7  !  4 . t

< 2 . 7
< 2 . 7
< 4 . 6

5 . 3  !  7 . 9
< 4 . 2

3 . 6  !  4 . 7
2 . 9  !  4 . 0

< 3 . 0
< 3 . 0

4 . 0  t  4 . 7
3 . 5  t  5 . 0

< 2 . 0
< 2 . 8

4 . 2  !  4 . 6
< 4 , 5

3 . 8  1  4 . 3
< 2 . 9
< 3 . 1

4 . 2  t  5 . 1
< 2 , 4

3 . 8  t  3 . 8
8 . 0  !  4 . 2
3 . 4  +  7 . 4
3 . 9  I  4 . 3

0 . 9 5  r  0 . 2 5
0 . 7  6  !  0 . 3 2
0 . 6 3  t  0 . 1 9
0 . 8 0  t  0 . 2 6
L . 2  t  0 . 3
0 . 5 8  !  0 . 2 3
l . l  t  0 . 3
0 . 9 8  t  1 . 2 3
0 . 9 2  !  0 . 2 4
0 . 5 6  t  0 . 2 0
0 . 6 1  t  0 . 2 1
0 . 6 2  r  0 . 3 8
0 . 7 0  t  0 . 2 2
0 . 5 6  I  0 . 1 9
0 . 9 5  1 0 . 2 4
0 . 7 8  r  0 . 2 0
l ' . 2  t  0 . 3

< 0 . 2 2
0 . 3 7  !  0 . 2 2
l . l  1  0 . 3
0 . 6 7  1  0 . 2 5
0 . 8 0  I  0 . 2 3
0 . 9 5  t  0 . 2 2
0 . 7 7  t  0 . 2 4
0 . 6 2  1  0 . 2 6
0 . 6 1  1  0 . 2 0
0 . 4 4  +  0 . 2 1
0 . 5 9  I  0 . 2 3
0 . 6 3  +  0 . 2 8
0 . 8 5  +  0 . 2 1
0 . 5 2  s  0 . 1 8
0 . 7 2  +  0 . 2 2
0 . 7 8  t  0 . 2 5
0 . 5 8  +  0 . 1 9
0 . 8 6  +  0 . 2 0
0 . 7 0  +  0 . 2 3
0 . 5 0  +  0 . 3 0
0 . 7 9  t  0 . 1 8

8 . 5 +  1 . 2
1 5  ! 2
l l  1  I
1 2  ! 2
L 7  ! 2
L 2  ! 2
l 8  r 2
1 4  ! 2
1 4  t 2
1 3  t l
l 0  1 l
1 4  t 2
L 2  ! 2
L 2  t T
L 2  t T
1 l  t  I
1 3  ! 2
9 . 4 1  1 . 3
8 . 9  t  1 . 3
1 l  !  2
L 2  t 2
l l  ! 2
l l  !  2
t 3  ! 2
1 2  t 2
l l  r  I
l l  ! 2
I 0 t 2
L 2  t 2
l l  t  I
1 l  ! 2
l l  1  I
1 4  t 2
l l  t  I
1 3  ! 2
l l  t  I
1 3  ! 2
1 5  t  I
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Tab le  6 ,  con t l nued

Concenrrat ion (pGi/g)

Saurpl e
Ntrmber Grid Point Ra-226 Ca-137 v-235 u-238 Th-232 K-40

t40
l4 l
L42
t43
r44
145
146
L47
lrr,p
149
150
151
r52
153
154
155
156
157
r58
r59
160
r61
162
163
t64
165
166
r67
r68
1 7 0

1 l  +
t 5  t
1 8 t
1 3 t
8 . 7  +

L  ,  2+35
L+25, 2+55
K+30r  3+10
K+5t,  3+30
J+60, 3+80
J+85, 4+00
I+95, 4+50
J+20r 4+70
f' ' 9+00
E+75r g+80
tr+30, 8+65
F+70r 3+25
F+45, 8+05
F + 7 5 r  7 + 7 0
G+10,  7+35
G+35,  7+55
c+70,  7+20
H+ 5, 6+80
G+80r  6+65
B+l5r  5+25
u+80,  6+15
r+10,  5+75
Il+50 r 5+95
J+50, 4+35
r+50,  5+35
L+35,  l+95
L+20r 5+20
J+95, 3+40
r+55,  4+85
K+90, 2+90

3 . 8  t  0 . 3
2 . 0  !  0 . 2
3 . 6  !  0 . 2
0 . 2 3  !  0 . 0 6
7 . 1  I  0 . 3
L . 2  I  0 . 1
1 . 8  !  0 . 2
2 . 9  !  0 . 2
2 . 3  !  0 . 2
0 . 9 4  t  0 . 1 2
1 . 9  t  0 . 2
1  . 3  !  . 0 . 2
1 . 1  r  0 . 1
2 . 0  !  O . 2
3 . 3  1  0 . 2
6 . 9  t  0 . 3
1 . 5  I  0 . 1
L . 2  r  0 . 1
2 . L  !  0 . 2
1 . 4  t  0 . 2
1 . 8  t  0 . 1
8 . 1  1  0 . 3
0 . 5 3  t  0 . 0 9
L . 2  t  0 . 1
2 . 0  !  0 . 2
0 . 8 5  t  0 . l l
1 . 4  t  0 . 1
4 . 7  !  0 . 2
1 . 7  t  0 . 1
3 . 7  !  0 . 2

0 .73  r  0 . l l
0 . 12  !  0 .06
0 .75  t  0 .10
0 .05  I  0 .02
0 ,53  t  0 .10
0 .06  i  0 .03
0 .51  t  0 .08
0 .63  t  0 .08
0 .74  J  0 .09
0 .42  !  0 .07
0 .85  t  0 .09
0 .52  r  0 .07
0 .28  t  0 .06
0 .47  t  0 .06
0 .03  t  0 .04
0 .41  j  0 .08
0 .07  t  0 .04
0 .02  t  0 .03
0 .66  r  0 .07
0 .57  I  0 .08
0 .33  t  0 .06
0 .33  t  0 .08
0 .08  t  0 .04
0 .40  t  0 .07
0 .26  t  0 .06
0 .51  t  0 .06
0 .43  t  0 .06
0 .38  t  0 .06
0 .36  t  0 .05
0 .35  t  0 .07

0 .26  t  0 . l  l
0 . 14  r  0 .08
0 .13  t  0 .10
0 .04  I  0 .03
0 .27  r  0 .13
0 .08  t  0 .05
0 .14  I  0 .07
0 .12  r  0 .09
0 .25  t  0 .08
0 .12  t  0 .05
0 .25  t  0 .07
0 .17  t  0 .06
0 . l l  t  0 , 05
0 .18  t  0 .06
0 .27  t  0 .08
0 .71  t  0 .12
0 .13  t  0 .06
0 . I 5  t  0 . 05
0 .18  t  0 .07
0 .12  t  0 .06
0 .14  t  0 .06
0 .65  t  0 .12
0 .07  t  0 .04
0 .23  t  0 .07
0 .63  t  0 .06
0 .07  t  0 .05
0 .2L  t  0 .06
0 .32  t  0 .09
0 .09  t  0 .06
0 .30  t  0 .08

5 . 6  t  8 . 9
< 4 . 9

L 2 ! 8
< 1 . 9

3 . 1  t  8 . 8
< 2 . 7

4 . 6  !  5 . 5
5 . 9  t  6 . 5

<3 .3
< 3 . 4
< 3 . 2

5 . 5  t  5 . 2
4 . 0  r  3 . 7
5 . 3  !  4 . 2
4 . 8  t  4 . 8

< 3 . 2
5 . 7  t  4 . 3
4 . 0  !  4 . 2

< 3 . 8
3 . I  t  3 . 6

< 3 . 1
< 3 . 7

6 . 0  1  4 . I
J . g  I  4 . 9

< 3 . 1
< 2 . 9
< 3 . 1

5 . 2  t  5 . 0
3 . 7  7  4 . 2
5 . 1  t  4 . 5

0 .59
0 .84
0 .78
0 .07
0 .60
0 .66
0 .77
1 .0
0 .80
1 .0
0.  56
0 .66
0 .60
0 .58
0 .73
1 .0
0 .7  2
0 .84
0 .7  3
0 .81
0.  5r
0 .77
0 .59
0 .82
0 .62
0 .64
0.  53
0 .53
0 .60
0 .78

0 .29
0 .28
0 .27
0 .09
0 .32
0 . r8
0 .22
0 .3
0 .23
0 .2
0 .21
0 .18
0 .17
0 .17
0 .21
0 .3
0 .18
0 .20
0 .2 I
0 .21
0 .17
0 .2  5
0 .18
0 .22
0 .22
0 .17
0 .18
0 .20
0 .17
0 .23

l 0 t
16 !.
1 4  1
1 . 9  i
1 3  I
1 3  1
1 3 t
1 l  I
l l  r
L 2 t
9 . l t
1 l  t
9 . 0  t
l 0 r
1 1  t
l l  I
1 2 t
L 2 t
1 3 r
1 2 t

3

t
t
I

:
r
t
?

I
t
+

=
f

t

3

?

!

t
f

!
t
!

!

+

t
3

1
t
a

L2
l4

l3
l3
L2

I
2
2
0 . 6
2
I
2
2
I
t
L . 2
I
t . l
I
I
I
I
I
I
I
I
2
I
2
2
I
l . l
I
I
I

?

!
+

"  Error"  Lndicated are 2o based on count ing stat is t ics only .
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APPENDIX A

Inetrumentat ion and Analyt ical  Procedures

Gma Sc in t i  l l a t ion  Meaeurements

I{alkover surface Bcans and measurenents of gamna exposure rate8

were performed ueing a victoreeu Thyac I I I  Model 490 portable

rateneter with a victoreen Model 489-5 gamma ecint i l  lat ion probe

conta in ing  a  3 .2  6  x  3 .8  c "n  NaI (T l )  sc in t i l l a t ion  c rye ta l '  Count

rates (cpn) were converted to exPosure levels (uR/h) uaing a factor of

440 cpn = I uR/h. Thie factor wa8 determiued by conparing the

respouse of the scintil lation detector to gamna photoae from

radiun-226 with that of  a Reuter Stokea model RSS-II l  pressurized

ionization chamber.

Reta-GsryF Doge Rate Ueaeur;emente

Meaeurementg were performed using Eberl ine "Ragcalr"  Uodel PRS-I '

portable ratcmeters with Model aP-260 thin-vindowr pancake G-llr beta

probee. Doae rates (nrad/hr) were detetmined by conparison of the

response of a Victoreen Uodel 440 ionization chmber survey meter to

that of  the G-!t  probes for a compoeite of goi l  samplee from the si te '

which were high in radiun-226 content. The convereion factor

determined was 2.4 cPm = I  urad/h.

Soi 1 SamDrle Analysi  e

Gamma SpectrometrY

Soi l  eamplea lrere dr ied at 120oC, f inely groundl mixed'  and a

port ion placed in a one-l i ter Marinel l i  beaker.  The quant i ty plaeed

in each beaker was chogen to reProduce the cal ibrated count ing

geometry and ranged fron 400 to 600 gras of soi l .  The beakers were

capped but not,  eealed. Net aoi l  weighte were determined and the

eanple8 counted ueing a 237 Ce(l i )  detector (Pr i t rceton Gamna Tech)
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coupled to a Nuclear Data nodel ND66 pulse height analyzer.  The
'fol lowing energy peaks were used for determination of the

radionucl idee of concerns

Ra-226 -  0 .609 MeV f ron  BL-ZL4 (eee d iscueg ion  be low)

Cs-137 -  0 .662 MeV

V-235 -  0 .185 MeV

u-238 - 1.001 Mev fron Pa-234 (eecular equi l ibr iun aeerned)

Th-232 - 0.907 Mev fron Ac-228 (oecul.ar equi l ibr iun aeguned)

K-40 - 1.46 MeV

The background plua compton continuum wag stripped from each of the
photopeake of interest,  pr ior to applying appropriate cal ibrat ion and

correct ion factore.

To evaluate the effect of  poseible radon loeees on the

equi l ibr iun of Bi-214 ni th R8-226' eeveral  soi l  eamples were eealed in

count ing beakers. The relat ive photopeak inteneit iee of var ioue

Ra-226 decay producte were Doted and compared to the relative

inteneit iee of cappedl but unsealedr samplee over a t ine period

necessary for the Bi-214 peak intensity to etabl ize. Frorn this

couparieon i t  wae detemined that radon losses regulted in a z0z

decreaee in the BL-214 coDcentrat ion and that this condit ion reached

an equi l ibr i t rn Btate in the unaealed sample within approximately three

days after eauple preparat ion (dryingr gr indingr and placing into the

beakere).  Suff ic ient t ine to reach this equi l ibr iun etate wae

therefore al lowed between sample preparat ion and analyeisl  and a

cor rec t ion  fo r  the  202 decreaee due to  radon logs  was app l ied  to  a l l

Ra-226 calculat ions baeed on the 8.1,-214 photopeak intensity.

For U-235 analyeis '  contr ibut ious in the 0.185 MeV photopeak area

from the 0.186 MeV Ra-226 gamna ray lrere eubtracted. The ratio of the

0.186 Mev to 0.609 Mev peak intensit ies in a aoi l  aample containing

Ra-226' but no u-235, wae detemined and this rat io was nult ip l ied by

the intenaity of the 0.609 l tev photopeak in each of the samples to

determine the nagnitude of this contr ibut ion.
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6 .

7 .

Strontiun-90

l .

2 .

3 .

4 .

5 .

t le igb  a  5  g  a l iquo t  o f  d r ied  oo i l .

Pipet I nl etrontiurn carrier (20 ng/nl) and I nl bariun carrier

(10  ng /n l )  in to  the  so i l .

Add I  ml of ?U calci t rn ni trate solut ion.

Add 12 .5  g  o f  sod iun  hydrox ide  Pe l le t 'a .

Fuse over a burner for 30 minutes 6nd then slowly st i r  in 2.5 g

of anhydroue eodium carbonate and heat the clear red melt for 30

minutee. Sometimes i t  is neceesary to add extra sodiun hydroxide

to special  eamplea. (Note: A crucible cover ie ueed during the

fueing procedure to prevent lose of aampler ehould i t  epatter.)

Remove the crucible fron the f lane to a cold water bath to crack

the mixture. Let 6tand in cold water approxirnately 20 minutes

Crack the mixture, put the mixture in a one-liter beaker and add

250 nl  of  boi l ing diet i l led water to crucible to renove any

renaining melt .  Trangfer solut ion from crucible to the one-I i ter

beaker.  Place the beaker on a hot plate and eet on the mediun

eett ing. Boi l  to disintegrate the fueed mixture. Add boi l ing

diet i l led water to keep the volune between 200-250 mle of

eo lu t ion .

Cool in a water bath and then transfer the mixture to a 250-nl

centr i fuge bott le with dist i l  led t tater.

Centrifuge for 5 minutes and diecard the suPernate. lr|ash the

precipi tate twice with 2OO-nl port ious of hot dist i l  led water.

Heat the precipi tate on a hot plate unt i l  the precipi tate begins

to bump or bubble. Add 20 nl  of  6X hydrochlor ic acid to dieeolve

the precipirate. Add 100 nl  of  hot dist i l  led water to the

dissolved sample and f i l ter through an E&D No. 513 or equivalent

32-cn f i l ter into a 500-nl  Er lenmeyer f laak. nash vi th 2 100-nl

port ions of hot diet i l  led water.  Discard the regidue'

Add dieaolved eample and f i l t rate to 500 ml,  6-Percent EDTA

so lu t ion .  In  a  two- l i te r  g lase  beaker ,  ad jua t  the  eo lu t ion  to  pH

4.2 or unt i l  the aolut ion ie clear with 15! mmonium hydroxidel

then back to 3.8 with coucentrated hydrochlor ic acid'

8 .

9 .

10 ,

11 .
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NOTE: pH 3.8 is very inportant.  I f  pl l  ie lese than 3.8, EDIA

may precipi tate.

12 .  S t i r  the  eo lu t ion  v igoroue ly  fo r  a t  leaa t  30  n inu tee  to

precipi tate the magneeiurn sal t  of  EDTA. Al low the precipi tate to

se t t le  overn igh t .

13 .  F i l te r  and ad jue t  the  f i l t ra te  to  pa  5 ,8  w i th  approx imate ly  3  n l

l5N anrnonitrn hydroxide. Add 20 rnl buffer solution (pH 4.6) and

adjuet pH to 4.6 with 6! hydrochlor ic acid or di lute amuoniun

hydrox ide  then d i lu te  to  I  l i te r .  (no te :  use  E&D No.  513,  32  cm

fo lded paper  o r  egu iva len t  to  f i l te r  the  magnee iun  sa l t . )

L4. Let the eolut ion f low through the resin column at 20 ur l  per

minute. StoP the f low wben juet enough solut ion remaine to cover

the  ree ia .

15. conbine 200 nl  6 percent EDIA and 400 nl  warerS adjuet to pH 5.1

with 6X amrnonitrn hydroxider place in reservoir, and let f low at

20 nl  per minute.

16. Record t ime at end of elut ion as beginning of yt tr iun-90

iugrowth.

17. l {ash the colunn with 200 ml water at a f  lowrate of 20 ml per

minute .  D iecard  a l l  the  e f f luen ts .

18 .  P lace  460 n l  l .5x  hydroch lo r ic  ac id  in  reeervo i r ,  and e lu te  a t  a

f lowrate of l0 nl  per minute.

19 .  D iecard  f i re t  60  n l  o f  e f f luen t .  co l lec t  the  nexr  400 n l ,  wh ich

contains the etront ium fract ion.

20. Regenerate resin with 600 nl  4X sodiun chlor ide at a f lowrate of

l0 nl  per minute and col lect the eff luent.  Thie contains the

bariuu fract ion.

21. l {aeh the column h' i th 200 nl  diat i l led water.

22. To the etront ium fract ionr add 210 nl  concentrated ammoniun

hydroxide and st i r  with a nagnet ic st i rrer.

23. s lowly add l0 nl  3.N sodiun carbonate solut ion and st i r  for 30

minuteg.

24. Col lect the etront i rrn on tared nembrane f  i l ter.  l faeh 3 t imesr

once with l0-rnl  port ions of each: deionized water,  95 percent

alcoholr  aod diethyl  ether.
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25. Weigh, aud count radiostront iun in a Tennelec model LB5l00

low-background beta counterr af ter a sui table delay to al low for

radon decay.

26, I f  the f i ret  count ia not obtained within thir teen houre ( i 'e ' ,

counter  jane ,  Poner  fa i lu re ,  e tc . ) ,  the  aample  muet  be

reanalyzed. I f  the total  ai lBount of the eample is very l in i ted or

a t ime factor is involved; repeat the reprecipi tat ion procedure

e s  f o l l o w e .

8. Add f i l ter paper and precipi tate to a 40 nl  centr i fuge

tube.

b. Add 5 ml concentrated ni tr ic acid to rediseolve eample.

Digeet for 10 minutea.

co Remove f i l ter paper from centr i fuge tube. Rinee f i l ter

with concentrated ui tr ie acid from dropping bott le.

d. Add 20 nl  of  funing ni tr ic acid.

€o Cool in ice bath for 30 minutee'

f .  centr i fuge and pour off  l iquid ( funing ui tr ic acid).

Record t ine (eeParat ion t ime) '

$ . A d d a p p r o x i n a t e l y 5 n l o f w a t e r t o r e d i s s o l v e t h e a a m p l e .

h. Add 5 ml concentrated anmonitrm hydroxide. hlhile etirring

add 4 nl  3N of eodiun carbonate. st i r  for 10 minutee.

i .  F i l te r  on  a  ta red  f i l te r .  l {aeh th ree  t imes '  once w i th  a

l0 nl  port ion of each: deionized water and ethyl  alcohol.

j . t | e i g h a s s t r o n t i u m c a r b o n a t e a n d c o u n t f o r S r - 8 9 a n d

S r - 9 0 .

2 7 .  C a l c u l a t i o n  o f  R e s u l t g

stront ium-8gr90 results are obtained using the fol lowing

equat ione.

Stront ium-90 Cal culat ions :

pc is r -9o /un i t=  fA ] fL l : f c ] [D ] : : : :  - - ' *  '  , r !
f f i ( c ) l ( c )  (2 .22) (E) ( I ) ( J )
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A = Decay of Sr-89 from the t ime of col lect ion to the t ine of

the f i ret  count ie f igured to the nearest one-half  day.

B = Net counts per minute of total  stront iul  on eecond count ie

f igured to the nearest tenth.

C = Decay of Sr-89 fron the t ime of col lect ion to the t ine of the

gecond count ie f igured to the neareat,  one-half  day.

D = Net counts per minute of total  etront ium on f i ret  count ie

f igured to the nearegt tenth.

E = Rat io of the Y-90/Sr-90 count ing eff ic iencies ( including

sel f -abeorpt iou correct ione ) .

F = Y-90 ingrowth from the tirne of Beparation to the tine of

second count is figured to the nearest hour.

G = Ingrowth of Y-90 fron tine of eeparation to time of first

count ie f igured to the nearest one-half  hour.

I I  = Count ing eff ic iency of Sr-90 ( including eelf-absorpt ion

cor rec t ion) .

I  = Chenical  y ield of atront ium.

J :  S@ple  vo l t rme in  l i te rs  o f  sample  we igh t  in  g rme.

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

program since al  I  funct ions of e -  t r t  where I  ie the decay constant of

the nucl ide and t  is elapeed t ime.

E' H'  are eff ic ienciee corrected for eel f-absorpt ion that have been

deternined by cal ibrat ion.

Stront ium-89 Calculat iong :

pC iS r -89 /un i t =L - f l + (n ) ( c ) l nx  I
E (r) (c) ( t t)z.zz

A = net cp,n. total strontiuur on f irst !e!l[.E. r
B = Y-90 ingrowth from t ime of separat ion to the t ine of f i ret

count.

C = Rat io of Y-90/Sr-90 count ing eff ic iencies ( including

ee l f -absorp t ion  cor rec t ione) .

D = Net cpn of Sr-90
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E = Decay of sr-89 from t ime of col lect ion to the t ine of f i rat

count.

F = Chemical y ield of etront ium.

G = Count ing eff ic iency of Sr-90 including eelf-absorpt ion

correct iong.

H = Sanple volume in l i ters or sample weight in grma.

C and G are eff ic iencies corrected for eel f-abeorpt ion that have been

deternined by cal ibrat ion.

Cal ibrat ion and Qual i ty Aeeurance

t{ i th the except ion of the exposure aud doee-rate conversion

factors for portable gamrna and beta-gamus Burvey meters; inatrunente

were cal ibrated with NBs-traceable standarde. The cal ibrat ion

procedures for theee porteble instruments are deecribed above.

Qual i ty control  procedures on al l  instrunents included dai ly

background and check-eource measur€nents to confirm lack of

nalfunct ione and nonstat igt ical  deviat ione in equipnent.  The ORAU

laboratory part ic ipates in the EpA Qual i ty Aseurance program.
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APPENDIX B

Guidel ines for Cleanup of Formerly Ut i l ized Sites

The soi l  c leanup cr i ter ia for the Modern Landf i l  I  ptoperty and

other FUSRAP eitea are based pr inar i ly upon Ra-226 act iv i ty in the

aoi l .  The cr i ter ion for Ra-226 in soi l  ia:

The average soi l  concentrat ion of Ra'226 attr ibutable to

residual radioact ive mater iale from MBD/AEC act iv i t ieg

shal l  not exceed 5 pCi/g after c leanup where:

(e) The concentrat ion ie averaged through a 15 cm layer

at any Buspect depth (wittr removal of overlying

contminated mater ial  and bore-hole logging data

veri fy ing absence of bur ied contaminat ion --  sampl ing

shal l  apply only to the expoeed 15 cn layer);

(b) the concentrat ion ie specif ied per grm of goi l  on

dry weight (not in si tu weight) basis;  and

(c) the concentrat ion is averaged over any cont iguoue 100

sguare metere ae detemined fron a compoaite of four

' samples, each taken at the approxinate ceuter of each

25 equare meters of said 100 square meters.

In addit ioD to Ra-226, l imite of 80 p1i/g of Ce-137 and 100 PCL/E

of Sr-90 have aleo been appl ied to si teB where f iseion product wasteg

are  pregent .
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APPENDIX C

Evaluat ion of Radiat ion Exposurea

on Port ions of the

l lodern Landf i l l '  Inc. ProPertY

Lewiston' New York

INTBODUCTION

The u. s.  Department of Energy has conpleted a radiological

survey and detetmined that port ione of the l lodern Landf i l l '  Inc'

propertyr Lewieton, New Yorkr are Present ly contaminated with

low-level radioact ive reeidues result ing fron previoue usea of thie

property. Thie property is part of the Foruer Lake Ontario 0rdnance

l lorka (LOOtt)  ei te where radioact ive wasteB from Uanhattan Engineer

Diatr ict  and Atomic Energy Conmiseion operat ionc were handled and

stored. These wa6tee were pr inar i ly reeidues from uranium proceesing

operet ionsS however they also included contminated rubble and ecrap

from decommiaeioned faci l i t iee, biological  and miecel laneoug wasteg

from the Universi ty of Roehester '  and low-level f ission product waste

from contaninated-l iquid evaporators at the Knol le Atonic Power

Laboratory ( fApl)  in Schenectady'  New York. Receipt of  addit ional

wagtee wae discont inued at the LOot{ s i te in 1954. Although eone

storage of radioact ive mater iala on a Port ion of the ei te cont inues

under the control of tbe DePartment of Energyr work involving

handl ing of radioact ive waste has not been performed at L00l l  for

approxinately 25 yeara.

In 1954 a prel ininary cleanup of the Loot{ s i te was perforned by

Hooker Chenical  Conpany. Approxinately 1298 acree of the or iginal

l5l l  acre ei te were then declared exceee and eventual ly aold by the

General Services Adninistrat ion to var ious pr ivater conn€Ecialr  and

governmental  agenciee. l lodern Landf i l l ,  Inc. is the current owner of

a 199 acre tract from the forner L0001 Property and Propo8es to
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operate a sanitary landf i l  I  on that s i te.  A tr iangular ehaped

aect ion of that t ract,  16 acres in area'  was thoroughly eurveyed in

January 1981, and found to contain radioact ive cont,aminat ion.

Remedial  act ion to remove radioact ive reeidues which were ident i f ied

by thia survey wae perforned by the property ovner in June 1981.

Fol lowing this cleanup act iv i tyr a f inal  survey waa conducted by Oak

Ridge Aeeociated Universi t iea, Oak Ridger Tenneseee. The f indinge of

that Eurvey indicate that snal l  quant i t iee of cesiun-I37r

stront ium-90, and radionucl idee fron the natural ly occurr ing uraniun'

act iniumr and thor i t rn decay ser ies are st i l  I  preeent in the eurface

s o i l  a t  t h i s  e i t e .

Cesiun-I37 and stront ium-90 are man-made radionucl idee created

through the f iseion procese euch as in a nuclear reactor.  Both have

half- l ives* of approxinately 30 yearg. Ceeiun-137 enite beta and

gamna radiat ionl  stroat igrn-9Q emite only beta radiat ion. The

natural ly occurr ing decay eeriea, known ae the uranium, act iniun'  and

thoriun ser iesr are bel ieved to have been created when the earth was

formed, and they are et i l  1 preeent today becauee of their  very long

ha l f - l i vee .  These eer ies  a re  Presented  in  Tab les  C- l r  C-2 '  and C-3 '

As a radionucl ide decaye i t  changes into another substance. In

the case of uranium-238, for exanpler the decay produces thor iun-234'

Thoriun-234 ie cal led the 
'daughter" of  uranign-238; uraniun-238 is

the 
'parent" 

of  thor ium*234. In turn, thor iun-234 is the 
'parent" of

protact iniun-234. Radioact ive decay started by uranium-z3g'

uranium-235, or thor ium-232 cont inues as ehown in the tablee unt i l  a

e tab le  nuc l ide  is  fo rmed.

The radionucl idee in these decay ser iee are Preseut in emal I

quantitiea throughout the envirormeut. Concentrations of them

normal ly  occur  in  eo i l r  s i t r  water r  fOodr  e tc . r  and are  re fe r red  to

ae background concentrat ions. Radiat ion exPoBures result ing from

x The |'Krlf-Life is the time requtned for
y,adi,cl(tctiu e substanc e to disintegrate

half of the utoms of a
( "rlecay" ov' transfot'rn) .
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th ie environmental  radioact iv i ty are referred to ae background

e x p o s u r e s . T h e s e b a c k g r o u a d e x p o e u r e s a r e n o t c a u s e d b y a n y h u m a n

act iv i tyr and to a large extentr can be control led only through manrg

m o v i n g t o a r e a s w i t h l o w e r b a c k g r o u n d e x p o a U f € s l E a c h a n d e v e r y

human receivee eome background exPosure daily'

The uee of radioact ive mater iale for scient i f ic,  induetr ial '  or

medical purposes may cause radiation exPosureE above the background

level to be received by workere in the induetryr and to a lesser

extentr by membere of the general  publ ic '  Scient i f ical  ly baaed

guidel ines have been developed to place an uPPer l in i t  on theee

addit ional expoauree. Lirni te eetabl ished for exposures to the

general  publ ic are much lower than the l in i te eetabl iahed for workerg

in the nuclear industry.

RADIATIoNLEIIELSot |THE}toDERNI,ANDTILIPRoPERTY

T h e g u r v e y i d e n t i f i e d e l e v a t e d l e v e l s o f d i r e c t r a d i a t i o n a n d

contanination of the eoil above the normal background levels' The

najor radionucl ideg noted in these goi l8 sre radiun-226r cesiun-I37'

and stront i t rn-90. Increaaed levels of radioact iv i ty reeult ing from

contaminated reeidues on this property can result  in increaeed

radiation exposures to Per8on8. The exposure comes from two prirnary

s o u r c e s o r p a t h w a y e : d i r e c t r a d i a t i o n e n i t t e d b y t h e r a d i o n u c l i d e s

in the reaidue or soi l  and inhalat ion of radon gas and i te daughter

producte.r t  Addit ional expoeures may aleo be received through

i n g e s t i o n o f c o n t m i n a t e d f o o d o r w a t e r o r t h r o u g h i n h a l a t i o n o f

r a d i o n u c l i d e e e u a p e n d e d i n t h e a i r . I n T a b l e C - 4 t h e e x P o S u r e l e v e l g

aeeociated with the ltodern Landfil I property are ermmarized and

c o m p a r e d w i t h t h e g u i d e l i n e e a n d b a c k g r o u u d r a d i a t i o n l e v e l s '

t  Radon-222
member rsf

is a glas tLmt results fron bhe decay of

the, rntuv'ctllg oecurt'in. urawLun series
radium-226' a

( s e e  T a b L e  C - 1 ) .
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External  Radi  at ion ExPoeure Levels

As Tablee C-1, c-2 and c-3 indicater eeveral  members of the

natural  ly occurr ing decay geriee emit  gamna radiat ion as does

ceaiun-137. (Gmna rayB are pentrat ing radiat ion l ike X-rays) '

Contaninated areae caur thereforer be aources of external gamna

radiat ion €xposur€o

The National Counbi l  on Radiat ion Protect ion and l teaeuremente

hae recommended a maxirnun anuual whole-body exposure of 500'000

microroentgens* per year to an individual expoaed in the general

populat ion. Thie ie equivalent to a cont inuous level of

approxinately 57 microroentgene per hour. The maximun radiation

level on the Modern Laudfil I property is 49 microroentgena per hourr

thereforer the maxinum annual external exPosure poeeible at thie ei te

would be approxinately 375r000 microroentgens. I t  should be noted

that this level occurg only in a very emal l  port ion of the property

and ie due nainly to Bater iale etored on the adjacent DOE faci l i ty '

algo, this exposure ia based on cont inual occupancy of that area. I t

ie improbable that indi.viduals would epend more than a 25fl of their

t ime on the ai te in generalr  and only a Port ion of that t ime would be

spent in th!  region of higheet exposure levels.  The average exPoaure

level on the property ie 15 microroentgeus per hour and is a better

eetimate of the average exPosure an individual rnight receive. For

comparieon, the average background level in the Lewiston area is

about 6 microroentgene per hour and continuous exPosure at thie level

would produce an annual exPosure of about 521400 microroentgens'

Aleor a typical  chest X-ray (according to data from the Department of

llealth and Hurnan Services) night yield an exPosure of about

27 '000 mic roroentgens .

The eoi l  ie el ight ly contaninated with radiun, cesiun'  and

etrontiun which emit beta and gamna radiatione. Nuclear Regulatory

cornmiesion (nnc) guidel ines for decomniesioning former nuclear

I

I

* T'he Roent.,qen
microroentgen

is tVrc untt of erposure
i.s one-milLionth of a

to X- or (Jamn(t Y'adLation.
Roentgen.
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I

faci l i t ies reguire that the average beta-ganma dose rate measured at

a distance of one cent imenter above surface does not exceed

0.2 nill irad* per hour. The maximrln beta-ganna dose rate measured at

thia si te wai 0.085 ni l l i rad per hour and the average wag

0.030 ni l l i rad per hourr wel l  within that guidel ine. The pr imary

concern of thie NRC guidel ine ie exposure of ekin surfacee. The

thickneae of ordinary shoe eolee ie adequate to Protect the akin of

feet f rom beta radiat ion. 0ther areas of body skin are adequately

protected from these exPosuree if they remain away from thes

eur facee.  In  Bos t  ca8e8;  €xposures  are  neg l ig ib le  a t  a  d ie tance o f

one foot away from the aurface. Potential exposures to beta-ganma

radiat ion fron aurface reeidues are therefore negl igible at thie

f a c i l  i t y .

ExDosure f , ' rom Tnhalat ion qE Radon in 
' i r

The depoeite of radiurn-bearing residues in eoil may be indirect

sources of radiat ion expoaure on eiLe. As shown in Table C-l

radinm-226 changee to radon-222 as a reault  of  radioact ive decay'

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

i te daughter products result  in lung exposures. Radon concentrat ions

are continuouely monitored near the llodern Landfil I eite by ldound

Laborator iee and averaged approxinately 0.29 picocuriee** per l i ter

of air  between october 1980 and Apri l  1981. The guidel ine for

cont inuous exposure of the general  publ ic ie 3 picocuries per l i ter '

For comparison the average level nonitofed iu the town of Lewiston

during the aame t i rne period wae 0'20 picocuries per l i ter '

Other ExPosure Coneiderat ione

Loose radioact ive contsminat ion can reeult  in exposure through

ingeat ion (eat ing or dr inking) of contaminated foodetuffa or

inhalat ion of radionucl idee that becone airborne through

re8u8pen8ioo. The low-levels of cootaminat ion in the eoi l  of  this

x ih.e rttd is the unit of beta'ganna
of a rad.

close. A ni'LLirad is one-thousandtlt

radioaetiue
of a curi'e.x* The eurie is the unit indicating the quantity of a

substance. A picoeurie is one-inillionth-miLLionth
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property 8nd i ts Project 'ed u8e as a

covering the exieting contuinated

exposures through theee pathways'

The levels rePorted

condit ione and vi l  I

j 9 8 f o

An individual would aPend

weekr 50 weeks Per ]earr

landf i t l '  wh ich  w i l l  reeu l t

eo i l ,  p rec lude e ign i f i can t

1n

ESTIMATES OF TIEAI,TII EFFECTS

The pr inary health effect aseociated with radiat ion exposure ie

an increaeed r iak of cancer.  In generalr  the r isk ie aaeuned to

increaee as the total  doge of radiat ion increases. Total  dose is

dependent not only on exPosure rate and concentrat ion levels on the

propertyr but a18o on the nature and durat ion of the exposure'  In

addit ion'  a given individualts increased r isk ie dependeut uPon many

factore including the individualrs age at onset of exposurer

variabi l i ty in Iatency period ( t i rne between exposute and phyaical

evidence of dieeaee),  the i rrdiv idualte personal habits and etate of

healthr previous or coDcurrent exPosure to other hazardous agentst

and the individualte fani ly nedical  history '  Becauge of these

variablee, large uncert 'a int iee would exiet in any egt imates of the

ntrmber of increased cancera in a relat ively emal l  working populat ion

euch aa that 8t  the Modern Landf i l l ,  Inc. s i te.  Eet inatee of the

increased r iske have been calculated and are given in lable c-5'

Asar:mptione nade in performing theee calculat ions are:

l . in Table C-4 are rePresentat ive of the

not change during the year or from year to

a working l i fet ine, i .e. 40 houre per

for 45 years (age 20 to 65) on the site'

2. Average expoEure levels iu lable c-4 are rePresentat ive of the

averages to which an individual working on the property night be

expo eed.

3.
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4, Background exposure ratea to individuale while not on the

property wil I be '6 microroentgeus per hour from external gamna

radiation.

The r iak e8t imates are baeed on the 1980 National Academy of

Scienceg report ,  "The Effects on Populat ions of Exposure to Low Levele

of Ionizing Radiat ionr- and the 1977 report  by the United States

Scient i f ic Comrnit tee on Effecte of Atonic Radiat ion. The l i fet ine

r iek  es t ina te  used to  ca lcu la te  the  va luee in  Tab le  C-5  ie  100 cancer

deaths per ni l l ion pereona exPosed per ren of radiat ion exPosure. I t

is bel ieved by many radiat ion biologiste that with low dose ratee euch

ae those encougtered at the Modern Landf i l  I  propertYr the actual r iska

of cancer are much lesa than 100 per rni l l ion Persone p€t fenr zero not

being excluded.

Because radon concentrat ione on thie ProPerty are essent ial ly

background, no doee or riek fron this pathway ttas evaluated or

calculated. Exposuree aod risk from the eecoadary pathnays of

ingeet ion of food grown on.contminated eoi le and inhalat ion of air

containing radionucl idee resuspended fron the soi l  are considered

negl igibler based on the low-levels and the intended use of this

property.  Expoeuree and r isk are therefore l in i ted to one

pathway-direct exPosure to gamna radiation.

The eat insted increased r iak due to cancer . f rom expoeure to the

average radiation level on the Modern Landfill property for a working

l i fet ine ia 0.09 per 1000 deaths. Thie can be compared with the

average lifetine riaks of cancer in Niagara county of. 2L8 per 1000

deathe baaed on 1977 crude death rate stat ist ics for this aame year.

The average l i fet ime r ieks of cancer in the State of New York and the

United Statee ate 2L6 per 1000 deaths and 203 per 1000 deathe

reepect ively.  An individual working under tbe asauned condit ione wi l  I

therefore be eubject to an increased r iek of dying from cancer of

0 .009 percent  o r  an  inc reaee in  to ta l  r i sk  f rom 21.8  to  21 .809 Percent

when compared to the average riak in Niagara County. Thie rnay aleo be

expreesed as a percent increase in overal l  r iek of gett ing a fatal

cancer  o f  0 .04  percent .

c-7



sul'lDlARY

In sr.mmarYr Portione of the llodern Landf il l property at the

former LO0tl  ei te are contminated with low-level reeiduee containing

cesiru- l37r etront iun-9O' and natural ly oecurr iug radionucl ides'  The

level of radiun-226 cottoination in the eurface soil in one area

exceeds the preeent cr i ter ion for releaee of property for unregtr icted

ue€r Arthough this contaniuat ion is capabre of producing el ight

radiat ion exposures to Persons on this propertyr these exposures are

wel l  within the ecient i f ical ly-based guidel inegr and r iaks to guch

pereons  are  neg l ig ib le .
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Parent

Uraniun-23 8

Thoriun-234

Protact:.nlun-23 4

Uranlurn-234

Thortum-230

Radiuru-226

Radon-222

Polonium-21 8

Lead-21 4

Bismuth-2 1 4

Poloniuro-214

Lead-21 0

Bisnuth-21 0

Poloniun-2'10

Lead-206

TABLE C-l

URANIUM DECAY SERIES

Decay Produets Daugh&er

Thorlr:n-234t

Protactinirun-23 4

Uraniun-Z3rl

Ttrorlwo-230

Radiurn-226,

Radon-222

Poloniun-2118

Lead-21 4

Bisnuth-2114

Poloniun-Z1 4

Lead-21 O

Bismuth-2 ? 0

Poloniun- 'Z10

Lead-206

none

HaL f-11fe

a lpha

befa, galrna

beta, gamma

alpha

a lpha

a lpha

a lpha

alpha

befa, gantna

beta, ganna

a lpha

beta

beta

alpha

none

4 '500 '000 '000  Y rs .

211 days

1 .2  n inu tes

250 ,000  yea rs

80 r000  yea rs

1600 years

3 .8  daYs

3 minutes

27 mlnutes

20 minufes

2 /10 r000  seeond

22 years

5 days

140 days

stable
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Parent

Uranlun-235 -

Thor lm-231

Protactlniu:n-23 1

Actlnlun-227

Thoriurn-227

Radiuro-223

Radon-2 1 9

Polon:iun-215

Lead-21 1

Blsnuth-21 1

ThalIlun-207

TABLE C-2

ACTINIUM DECAY SERIES

Thorlun-23 1

Protact inlun-23 1

Act iniun-227

Thoriwn-227

Radiun-223

Radon-21 9

Poloniun-21 5

Lead-21 1

Bisnuth-21 1

Tiralliun-207

Lead-207

Hal f- l i fe Decay Products Daughter

alpha

beta

a lpha

bet,a, garnna

a lpha

alpha

a lpha

a lpha

beta, galntra

a lpha

beta

710 '000 '000  yea rs

25.5 hours

32 r000  yea rs

21 .6  yeans

18 .2  days

1  1 .4  days

4.0 seconds

.0018  seconds

36 .1  n inu tes

2 .1  5  n inu tes

4 .79  n lnu tes
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TASLE C-3

THORIUM DECAY SERIES

Parent Hal f -L i fe

*Two decay modes are possible for BL-212.

Decay Products Daughter

Radir :n-228

Actiniurn-22 8

Thoriun-228

Radiurn-224

Radon-220

Polor iun-21 5

Lead-21 2

Bismuth-21 2

Thal liurn-20 8
Poloniun-21 2

Lead-20 8

Lead-20 8

I

a lpha

beta

beta

a lpha

a lpha

a lpha

alpha

beta

a l p h a  ( 1 / 3 ) *
b e t a  (  2 / 3 ) *

beta

a lpha

Thorim-232 .

Radium-228

Actiniun-228

orlun-228

Radiun-224

Radon-220

Polonlun-2 1 6

ismuth-21  2

al l ium-20 8

lor iun-21 2

14 b l l1on years

5 .8  yea rs

6 .13  hou rs

1 .9 t  yea rs

3 .64  days

55 seconds

.15  seconds

10 .6  hou r

60 .6  n inu tes

3 .1  n inu tes

.0000003 seconds
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TABLE C-5

SUI.{MARY OF I{ORKING LIFETII.{E RADIATION
EXPOSURES A}ID ESTI}'ATES OF ASSOCIAIED Cd,NCNR RISK

rOR }IODERN I.AI{DFILI PROPERTY, LEI{ISTON, NY

Source
of

Expooure

t{orking Li fet ime Doee Increaeed Risk
Equivalent Corrected Due to

for Background All Cancere

External ganma
radiat ion

Radon

Inhalat ion of duet
and ingeetion of
foods grown on site

0.9 rems

0

'0

0.09 per  lO00 a

0

0

TOTAI 0.09 per  1000 b

a Using r iak coeff ic ient of  100 cancer deaths/ l06 p"""oo r.r .  ?his
ie approxinately a mean value fron BEIR-II I  (1980) and UNSCEAR
( 1 9 7 7 ) .

b Th" average l i fet ine r iek of death due to cancer in the United
S t a t e s  i a  1 6 7  p e r  1 0 0 0  ( 1 6 . 7  p e r c e n t ) .
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