
t r t  l t  (oFY
. -'d$, ; i
;:1

.. i''ft

|'i:l
E3

11t{

[:'1]
kr!
lird

tsT.'
D:N

ii3

i ' r {

H

B$t.,:::\
tiil

rc
t'1;tl
l : $
!&

tr$

i"d

ttsFt;'.1
F itr

Flt
t.:.1
riq
Ej

r"'F
Fifi
bd

fiT
r r r
ki'i't
@

Fff

lr{
lr'ff
t{;

):.lr
t: i'l
!d

!r.q
ii. 'r:
I f
li.::r

ril
I,T
Fi+l
h4

E[
[ts
ht

ffiv..'
ffi;.1
lri

lir$l

l'',{
tr;:.j
'tlr

COMPREHENSIVE RADIOLOGICAL SURVEY

OFF-SITE PBOPERTY V

NIAGARA FALLS STORAGE SITE

LEWlsroN, NEW YORK

A.  J .  BOERNER

Radiolog'ical
Manpower Education'

Si te Assessnent  Program

Research,  and Tra in ing Div is ion

FINAL REPORT

Apri l  1984



COMPREIIENSIVE RADIOLOGICA]. SURVEY

OFF-SITE PROPERTY V

NIAGARA FATLS STORAGE SITE
LESITSToN, NEI.I YORK

Prepared for

U.S.  Depar tment  o f  EnergY
as part  of  the

Formerly Ut i l ized Sites --  Rernedial  Act ion Progran

A.  J .  Boerner

P r o j e c t  S t a f f

J . D .  B e r g e r  I ' I  . L .
J .  B u r d e n *  T . J .
R.D.  Condra  M. l l .
J .  S .  E p l e r *  G . M .
P . W .  F r a m e  L . B .
W . O .  E e l t o n  C . F .
J . M .  M a h a t h e y *  3 . 5 .
J . A .  P e r r y

SEith*
Sowel l
S ta f fo rd
Stephens
Taub*
Weaver
Z acharek

Prepared by

Rad io log ica l  S i te  Assessment  Program
Manpower Educat ion, Research, and Training Divis ion

Oak R idge Assoc ia ted  Un ivers i t ies

FINAL REPORT

Apr i l  1984

t  i s  based on work performed under contract number
the Department of EnergY.

This
DE-AC

* Eva

760R00033 with

t ion  Research Corpo ra t i on ,  Oak  R idge ,  Tennessee .



TABLE OF CONTENTS

L i s t

L  i s t

S i t e

Surv

Resu l

Sutrma

Refer

ApPe

Figures

Tab les

Paee

l- l-

l -La

1

1

2

6

10

11

49

In t c t ] -0n

scr ip t ion

Procedures

Comp i son  o f  Survey  Resu l ts  w i th  Gu ide l ines

n c e S

i ces

ppendix

1X

A :

B :

Instrumentat ion and Analyt ical  Procedures

Sunmary of Radiat ion Guidel ines Appl icable
to  0 f f -S i te  Proper t ies  a t  the  N iagara  Fa l1s
Storage S i te



Map o f  N iagara  Fa l l s
P r o p e r t i e s ,  L e w i s t o n ,
Locat ion  o f  Of f -S i te

LIST OF FIGURES

Storage S i te  and 0 f f -S i te
New York ,  Ind ica t ing  the

Proper tY  V

Property  V Indicat ing

Page

L2

l3
Plan View
Prominent

Plan View
the  Gr id
Reference

o f  N F S S  0 f f - S i t e
Su r face  Fea tu res

o f  NFSS Of f -S i t e  P rope r t y  V  Ind i ca t i ng

Sys tem Es tab l i shed  fo r  Su rveY

Locat ions  o f  Boreho les for Subsurface
Inves t iga t ions

Locat ions of Water Samples from Standing Water

L4

t5

1 6

L7

Map of  Northern Niagara
Locat , ions of  Background

County,  New York,  Showing
Measurements and

Base l ine  Samples

l lap of NFSS Off-Site Property V Indicat ing Areas

of  E leva ted  D i rec t  Rad ia t ion  and Locat ions
I{here Radionucl ide Concentrat ions in Soi l
Exceed Cr i te r ia 1 8

r

FIGURE

FIGUR

11



{

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

LIST OF TABLES

Background Exposure Rates and Radionucl ide
Concent ra t ions  in  Base l ine  So i l  Samples

-B: Radionucl ide Concentrat ions in Basel ine I ' Iater

Samples

Di rec t  Rad ia t ion  Leve ls  Measured a t  20  M

Gr id  In te rva ls

D i rec t  Rad ia t ion  Leve ls  a t  Locat ions  Ident i f ied

by the Walkover Surface Scan .

Radionucl ide Concentrat ions in Surface Soi l

Samples fron 20 M Grid Intervals

Radionucl ide Concentrat ions in Surface
Samples frorn Locat ions Ident i f ied by the
Walkover Scan

Radionucl ide Concentrat ions in Borehole
Soi l  Samples

Radionucl ide Concentrat ions in l {ater Samples

Sunmary of Results of Bui lding Surveys

Surnmary of Areas on Property V I'lhich Exceed

Residual Contaminat ion Cri ter ia

Paqe

1 9

20

2L

29

3 2

43

44

4 6

4 7

4 8

1a l -



the

0rdn

a s  s o c

New Y

r e s  i d

con t

and m

f i s s i

Atoni

d i s c

C o .  ,

Th is

var ] -0

o f  f - s

condu

r e c t

i t  o c

the

eas  tw

owned

o f  f - s

pro

B a I

COMPREHENSIVE MDIOLOGICAI SURVEY

OFF-SITE PROPERTY V
NIAGARA FATLS STOMGE SITE

LEWISTON, NE1I YORK

INTRODUCTION

i nn ing  in  1944,  the  Manhat tan  Eng ineer  D is t r i c t  and i t s  successor ,

omic  Ene rgy  Commiss ion  (AEC) ,  used  po r t i ons  o f  t he  Lake  On ta r i o

ce  Works  (now known  as  the  N iaga ra  Fa l l s  S to rage  S i t e  (NFSS)  and

ted  o f f -s i te  p roper t ies )  approx i rna te ly  3  km nor theas t  o f  Lewis ton ,

r k ,  f o r  s to rage  o f  r ad ioac t i ve  was tes .  These  was tes  we re  p r imar i l y

s  f r om u ran ium p rocess ing  ope ra t i ons ;  howeve r ,  t hey  a l so  i nc luded :

i na ted  rubb le  and  sc raP  f rom deco -m iss ion ing  ac t i v i t i es ,  b i o l og i ca l

sce l l aneous  was tes  f r om lhe  Un ive rs i t y  o f  RochesEer '  and  l ow- leve l

n -p roduc t  was te  f r om con tam ina ted - l i qu id  evapo ra to rs  a t  t he  Kno1 l s

Power Laboratory ( r . l f l  )  . Rece ip t  o f  r ad ioac t i ve  l das te  was

t i nued  i n  I g54 ,  and  fo l l ow ing  c leanup  ac t i v i t i es  by  l t ooke r  Chen i ca l

2 5  h e c t a r e s  o f  t h e  o r i g i n a l  6 1 2 - h e c t a r e  s i t e  w e r e  d e c l a r e d  s u r p l u s '

rope r t y  was  even tua l l y  so ld  by  t he  Genera l  Se rv i ces  Adn in i s t ra t i on  t o

s  p r i va te ,  commerc ia l ,  and  gove rnmen ta l ,  agenc ies . l

e r s e t  G r o u p ,  I n c .

t e  p r o p e r t y  V  ( s e e

ted in June through

is  the  cur ren t  owner  o f  a  t rac t  iden t i f ied  as

F i g u r e  1 ) .  A  r a d i o l o g i c a l  s u r v e y  o f  t h a t  t r a c t '

A u g u s t  1 9 8 3 ,  i s  t h e  s u b j e c t  o f  t h i s  r e P o r t .

SITE DESCRIPTION

i g u r e  2  i s  a  p l o t  p l a n  o f  o f f - s i t e  p r o p e r t y  v .  T h i s  P r o P e r t y  i s

u la r  in  shape and measures  approx ina te ly  360 m long by  310 n  w ide ;

up ies  an  a rea  o f  11  hec ta res .  The  s i t e  i s  bounded  by  Ba lmer  Road  on

o r th  and  r rH r t  S t ree t  on  the  sou th .  P rope r t y  V  o r i g i na l l y  ex tended

rd  to  Cas t l e  Garden  Road ;  howeve r  t he  eas te rn  po r t i on  i s  cu r ren t l y

by  SCA Chen ica l  Se rv i ces  and  Eha t  po r t i on  was  su rveyed  as  Pa r t  o f

t e  p r o p e r t y  A .  S e c u r i t y  f e n c i n g  p r e s e n t l y  d e l i n e a t e s  t h e  e a s t e r n

t y  bounda ry ,  as  we l l  as  t he  wes te rn  bounda ry ;  f enc ing  a l so  pa ra l l e l s

Road  nea r  t . he  no r the rn  pe r ime te r .
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ere  are  severa l  in te r io r  roads  inc lud ing  Wesson Road and "5"  S l ree t .

d r a i n a g e  d i t c h e s  a r e  p a r a l 1 e 1  t o  a n d  o u t s i d e  t h e  e a s t '  w e s t ,  a n d

ecur i ty  fences l  smal le r  d i tches  are  loca ted  th roughout  the  ProPer ty .

j o r  d i t ch  t o  t he  wes t  o f  t he  p rope r t y  i s  t he  Cen t ra l  D ra inage  D i t ch  -

j o r  s u r f a c e  d r a i n a g e  r o u t e  f o r  t h e  N i a g a r a  F a l l s  S t o r a g e  S i t e .  T h e r e

a re  f v e  b u i l d i n g s  o n  t h e  s i t e  ( o n e  o f  t h e s e  b u i l d i n g s  i s  p a r t i a l l y  o n

t  p rope r t y  U ) .  Numerous  founda t i ons  and  s labs  repa in  f r om p rev ious

ures .  The land is  genera l l y  1eve1,  w i th  the  except ion  o f  a  la rge

of  topso i l  in  the  nor th -cent ra l  sec t ion  o f  the  proper ty .  Some dense

and t rees  occupy  the  nor theas t  corner ;  o therw ise  the  s i te  i s

e ly  c lear  and por t ions  are  main ta ined.

ere  i s  no  h i s to ry  i nd i ca t i ng  bu r i a l s  o f  con ta ro ina ted  ma te r i a l  on

t y  V ;  howeve r ,  r es idues  may  have  been  tempora r i l y  s to red  a long  t rH r l

nea r  i t s  i n te rsec t i on  w i th  r r5 r '  S t ree t . l  Because  o f  cons t ruc t i on

t i e s  a s s o c i a t e d  w i t h  t h e  M a t h i e s o n  r o c k e t  f u e l  f a c i l i t i e s ,  i t  i s

t .hat  any sur face contaminaEion f rom ear l ier  MED/AEC operat ions would

en  d i s tu rbed  and /o r  re locaEed .  The  L97 I -72  AEC su rvey  i den t i f i ed

ed  ganma rad ia t i on  l eve l s  a long  Wesson  Road  and  eas t  o f  t he

ec t i c rn  o f  l r 5 r r  S t ree t  w i t h  an  unnamed  eas t /wes t  road .2  t he  1980

scan  by  ORNL con f i rmed  these  f i nd ings .3  P rev ious  su rveys  a l so

. i i ed  co , \ t am ina t i on  o f  t he  ad jacen t  Cen t ra l  D ra inage  D i t ch ,  r esu l t i ng

a t e d  d i r e c t  r a d i a t i o n  l e v e l s  i n  i t s  v i c i n i t Y . 2 ' 3

SURVEY PROCEDURES

he  comprehens i . ' e  su rvey  o f  NFSS o f f - s i t e  P roPer t y  V  was  pe r fo rmed  by

io log i c . . r l  S i t e  Assessmen t  P rog ram o f  Oak  R idge  Assoc ia ted

s i t ies  (Onar r ) ,  du ' r ing  June-August  1983.  The survey  was in  accordance

a  p l a n  d a t e d  M a r c i  I 8 , 1 9 8 3 ,  a p p r o v e d  b y  t h e  D e p a r t m e n t  o f  E n e r g y .

the

Unive

w i t h

The o jec t i ve  and  p rccedu . ' es  f r om tha t ,  p l an  a re  p resen ted  i n  t h i s  sec t i on '



o f r

c o  l 1 e

e ob jec t ive  o f  the  survey  l ras  to  p rov ide

rad io log ica l  cond i t ions  on  proper ty  V .

ed  inc luded:

comprehensive as ses sment

Radiological  inforrnat ion

direct radiat ion exposure rates and surface beta-garoma dose

r a t e s ,

loca t ions  o f  con taminated  sur face  areas '

concent ra t ions  o f  rad ionuc l ides  in  sur face  and subsur face  so i l ,

concent ra t ions  o f  rad ionuc l ides  in  sur face  and ground water ,  and

contarn ina t ion  1eve ls  on  in te r io r  bu i ld ing  sur faces .

Brush and weeds l fere cleared as needed to provide access for

gr idding and surveying and a 20 n gr id system was establ ished by

Mcln tosh  and Mc ln tosh  o f  Lockpor t ,  NY,  under  subcont rac t .  The

gr id  sys ten  is  shown on F igure  3 .

Walkover sur face scans l fere conducted over  a l l  accessib le areas

o f  t he  p rope r t y .  T rave rses  \ f e re  a t  2 -5  m  i n te rva l s  on  those

areas that  l tere re lat ive ly  inaccessib le and had no h is tory of

rad ioac t i ve  use .  Scaun ing  i n te rve l s  we re  I ' 2  m  a long  a l l  r oads '

i n  a reas  p rev ious l y  i den t i f i ed  as  hav ing  e leva ted  rad ia t i on

leve l s ,  and  i n  o the r  a reas  where  d i rec t  r ad ia t i on  measu remen ts

sugges ted  poss ib le  con tam ina ted  res idues .  Po r tab le  gauum Na I (T1 )

sc in t i l l a t i on  su rvey  me te rs  we re  used  fo r  t he  scans .  Loca t i ons

o f  e leva ted  con tac t  r ad ia t i on  l eve l s  we re  no ted .

Gamma exposure rate measurements were made at  the sur face and at

I  m  above  the  su r face  a t  20  n  g r i d  i n te rva l s .  Measu remen ts  we re

pe r fo rmed  us ing  po r tab le  gagma Na I (T1 )  sc in t i l l a t i on  su rvey

mete rs .  COnve rs ion  o f  t hese  measu renen ts  t o  exPosu re  ra tes  i n

m ic ro roen tgens  pe r  hou r  (Un /h )  \ Jas  i n  acco rdance  w i th  c ross

ca l i b ra t i on  w i t h  a  p ressu r i zed  i on i za t i on  chamber .



4.  Beta-ganma dose rate measurements were per forned I  cm above the

su r face  a t  20  ro  g r i d  i n te rva l s .  These  measu remen ts  l de re

conducted us ing th in-window (<7 r rg/  cm2) G-M detectors and

po r tab le  sca le r / ra temeEers .  Measu remen ts  rde re  a l so  ob ta ined  w i th

the  de tec to r  sh ie lded  to  eva lua te  con t r i bu t i ons  o f  nonpene t ra t i ng

beta and low-energy gamma radiat ions.  Meter  readings l tere

conve r ted  to  dose  ra tes  i a  m ic ro rads  pe r  hou r  (u rad /h )  based  on

cross cal ibrat ion wi th a th in-window ionizat ion chamber.

5.  Sur face  (0 -15  cn)  so i l  samples  o f  approx imate ly  I  kg  each were

co l lec ted  a t  20  n  g r id  in tenra ls .

6 .  A t  se lec ted  l oca t i ons  o f  e l eva ted  su r face  rad ia t i on  l eve l s ,

beta-gauma dose rates at  I  cm above the sur face and exPosure

ra tes  a t  I  n  above  the  su r face  l t e re  a l so  measu red .  Su r face

samples r i rere obta ined f rom these locat ions and,  fo l lowing

sampl ing,  sur face exposure rates nere remeasured for  coupar ison

w i th  p resanp l i ng  1eve l s .

De tec t i on  Sc iences  Group  o f

penetrat ing radar  surveys at

assu re  t ha t  subsu r face  p ip ing

dur ing dr i l l ing.  In  solne

s l i g h t l y .

Car l is le ,  l lA,  per f  orned ground

p roposed  bo reho le  l oca t i ons  t o

and ut i l i t ies nere not  danaged

cases ,  bo reho les  l t e re  re loca ted

8 .  Bo reho les  ne re  d r i l l ed  t o  p rov ide  a  mechan i sm fo r  l ogg ing

subsu r face  d i rec t  r ad ia t i on  p ro f i l es  and  co l l ec t i ng  subsu r face

so i l  and  \ i l a te r  sanp les .  Fou r t , een  bo reho les  we re  d r i l l ed  by  S i t e

Eng inee rs ,  I nc . ,  o f  Che r r y  H i l l ,  NJ ,  us ing  t ruck  noun ted  20  cn

d iame te r  ho l l ow-s tem auge rs .  The  l oca t i ons  o f  t hese  bo reho les

are shown on Figure 4.

Gamna radiat ion scans were per forued in the boreholes to ident i fy

the  l oca t i ons  o f  e l eva ted  d i rec t  r ad ia t i on  1eve l s  wh i ch  m igh t

i nd ica te  subsur face  res idues .

e

Radia t ion  pro f i les  in  the



boreho les  we re  de te rm ined  by  measu r i ng  gamma rad ia t i on  a t

15 -30  cn  i n te rva l s  be tween  the  su r face  and  g round  \da te r  o r  t he

ho le  bo t tom.  A  co l l ima ted  gau rma  sc in t i l l a t i on  de tec to r  and

po r tab le  sca le r  we re  used  fo r  t hese  measu renen ts .

Ground water  samples  o f  approx imate ly  3 .5  l i te rs  ldere  co l lec ted

f rom n ine  boreho le  loca t ions  us ing  a  hand ba i le r .  So i l  samples

of  approx iu ra te ly  I  kg  each were  co l lec ted  f rom var ious  dePths  in

se lec ted  ho les  by  scrap ing  the  s ides  o f  each boreho le  w i th  an

ORAU des igned sanp l ing  too l .

Two wa te r  samp les  we re  co l l ec ted  f rom a reas  o f  s tand ing  ( su r face )

w a t e r  ( s e e  F i g u r e  5 ) .

Gamma scans and exploratory measurenents of  d i rect  a lpha and

be ta -gamma leve l s  we re  pe r fo rmed  i n  ex i s t i ng  bu i l d i ngs .  0n  the

bas i s  o f  t he  nega t i ve  resu l t s  o f  t hese  measu remen ts  r  f u r t he r

su rvey ing  o f  i n te r i o r  bu i l d i ng  su r faces  was  no t  pe r fo rmed .

Twen ty  so i l  samp les  and  seven  wa te r  samp les  we re  co t l ec ted  f rom

the  Lew is ton  a rea  (bu t  no t  on  NFSS o r  assoc ia ted  o f f - s i t e

p rope r t i es )  t o  p rov ide  base l i ne  concen t ra t i ons  o f  r ad ionuc l i des

fo r  compar i son  pu rposes .  D i rec t  backg round  rad ia t i on  l eve l s  we re

measu red  a t  l oca t i ons  whe re  base l i ne  so i l  samp les  we re  co l l ec ted .

The locat ions of  the basel ine samples and background measuremenEs

are shown on Figure 6.

maJo r

u-23 8

analy

i1  samp les  we re

rad ionuc l i de  o f

Th -232 ,  Cs - I37 ,

analyzed by ganma spectrometrY.

conce rn ,  a l t hough  spec t ra  \ t e re

and other  gamma emit ters.

Radiuur-226 was the

rev iewed fo r  V-235,

Water  samples  were

d  fo r  g ro6s  a lpha  and  g ross  be ta  concen t ra t i ons

i t  ional i n fo rma t i on  conce rn ing  ana l y t i ca l

A .l s  ln ppendix

equ].PmenE and  p rocedu res



forme

in Ap

s o i 1 ,

a re  P
(  typ i

rad io

gram)

E o  I .

t y p i c

su l ts  o f  th is  survey  were  compared Eo t h e  a p p l i c a b l e  g u i d e l i n e s  f o r

ing  s i tes ,  wh ich  are  presented1 y  u t i l i z e d  r a d i o a c t i v e  n a t e r i a l s  h a n d l

i x  B .

RESULTS

ckg round  exposu res  ra tes  and  base l i ne  rad ionuc l i de  concen t ra t i ons  i n

detern ined fo r  20  loca t ions  ( r igure  6)  in  the  v ic in i ty  o f  the  NFSS,

e s e n t e d  i n  T a b l e  1 - A .  E x p o s u r e  r a t e s  r a n g e d  f r o m  6 . 8  t o  8 . 8  u n / h
I  l e v e l s  f o r  E h i s  a r e a  o f  N e w  Y o r k ) . Concen t ra t i ons  o f

c l i d e s  i n  s o i l  w e r e :  R a - 2 2 6 ,  < 0 . 0 9  t o  I . 2 2  p } i l g  ( p i c o c u r i e s  p e r

U - 2 3 5 ,  < 0 . 1 4  t o  0 . 4 6  p c i l g ;  U - 2 3 8 ,  < 2 . 2 0  t o  6 . 2 6  p 1 i / g ;  T h - 2 3 2 ,  0 . 3 2

8  p C i / g ;  a n d  C s - 1 3 7 ,  ( 0 . 0 2  t o  1 . 0 5  p c i / g .  T h e s e  c o n c e n r r a t i o n s  a r e

o f  t he  rad ionuc l i de  l eve l s  no rma l l y  encoun te red  i n  su r face  so i1s .

i oac t i v i t y  l eve l s  i n  base l i ne  wa te r  samp les  a re  p resen ted  i n

-B .  The gross  a lpha and gross  be ta  concent ra t ions  ranged f ron  0 .55

p 9 i l L  ( p i c o c u r i e s  p e r  l i t e r )  a n d  ( 0 . 6 3  t o  L 4 . 3  p 1 i /  1 ,  r e s p e c r i v e l y .

re  typ ica l  o f  concent , ra t ions  normal ly  occur r ing  in  sur face  water .

a t i on  L

r e c t  r a d i a t i o n  l e v e l s ,  m e a s u r e d  a t  2 0 gr id  in te rva ls ,  a re

ed  i n  Tab le  2 .  The  gamma exposu re  ra tes  a t  1  m  above  Ehe  su r face  a t

ocat ions  ranged f rom 4  to  20  uR/h  (average 7  un /h) .  sur face  contac t

su re  ra tes  and  be t .a -gamma dose  ra tes  rde re  5  t o  29  UR/h  (ave rage

a n d  5  t o  6 9  u r a d / h  ( a v e r a g e  t 4  u r a d / h ) ,  r e s p e c r i v e l y .  A t  m o s t

s '  measu remen ts  pe r fo rmed  w i th  t he  de tec to r  sh ie lded  ave raged

te l y  20 "1  l ess  t han  those  w i th  t he  unsh ie lded  de tec to r .  Th i s

es  on l y  a  sma l l  po r t i on  o f  t he  su r face  dose  ra te  i s  due  to

t ra t i ng  be ta  o r  l ow-ene rgy  pho ton  rad ia t i ons .

Tab le

t o  l .

These

P r e s e

t h e s e

gamma

8 uR/

l o c a t

aPPro

m

1

nonPe



o f  e I

F igur

conta

meas

rang

20-45

5 4 1 N ,

s o i  I

oc  cur

f rom

t

e d

he  wa lkove r  su rvey  i den t i f i ed  numerous  sma l l  a reas  and  i so la ted  sPo ts

a t e d  c o n E a c t  r a d i a t , i o n  l e v e l s .  T h e s e  l o c a t i o n s  a r e  i n d i c a t e d  o n

8  a n d  a s s o c i a t e d  r a d i a t i o n  l e v e l s  a r e  D r e s e n t e d  i n  T a b l e  3 .  S u r f a c e

gamma exposure rates ranged f rom 12-240 i rR/h;  the maximum was

a t  g r i d  po in t  541N,  L238 .  Exposu re  ra tes  a t  I  n  above  the  su r face

f r o m  1 3  r o  2 6  u R / h . Beta-gamma dose rates ranged f rorn

p rad /h .  The  rnax imum dose  ra te  was  a l so  reco rded  a t  g r i d  coo rd ina te

L23E. Contact  exposure and beta-gamma dose rates were not  reduced by

sampl ing  a t  many o f  these loca t ions i  the  most  no tab le  example

ed a t  g r id  po in t  541N,  179E where  the  contac t  exposure  ra te  inc reased

2 0  t o  1 1 0 0  u R / h r  f o l l o w i n g  s a n p l i n g .

ad ionuc l i de  concen t ra t i ons  i n  samp les  f r om loca t i ons  o f  e l eva ted

t  rad ia t i on  l eve l s  a re  p resen ted  i n  Tab le  5 .  Concen t ra t i ons  o f

i n  t hese  samp les  ranged  f rom 23 .7  t o  4 ,280  p0 i /Z ;  t he  max imum

t ra t i on  was  measu red  i n  a  p iece  o f  r ock - l i ke  ma te r i a l  ( sanp le  B10 )

r i d  p o i n t  5 4 I N ,  1 7 9 E .  S a m p l e  B 9  ( 5 4 1 N , I 2 3 E ) ,  a l s o  a  l a r g e  r o c k ,

ned  990  pCL lg  o t  Ra -226  and  e leva ted  U-238  and  Th -232  concen t ra t l ons

a n d  8 4 . 5  p C j , / g ,  r e s p e c t i v e l y )  .

ab le  4  l i s t s  t he  concen t ra t i ons  o f  r ad ionuc l i des  measu red  i n  su r face

f rom 20  n  g r i d  i n te rva l s .  These  samp les  con ta ined  Ra-226

t r a t i o n s  r a n g i n g  f r o n  ( 0 . 1 4  t o  3 . 5 4  p c : - l e .  T h e  h i g h e s t  l e v e l  w a s  l n

t he  s p le  co l lec ted  a t  g r id  po in t  820N,  40W.  The wa lkover  sur face  scan

f i ed  t h i s  gene ra l  a rea  as  hav ing  s l i gh t l y  e leva ted  con tac t  gamna

A few addi t ional  samples conta ined Ra-226 concentrat ions

exce i r ,g  those in  the  base l ine  so i l ,  bu t  none exceeded 5  pCL lg  above Ehe

ne leve I .  Three o f  these samples  a lso  conta ined U-238 concent ra t ions

l y  a b o v e  b a s e l i n e  1 e v e l s ;  t h e  h i g h e s t  w a s  7 . 0 0  p C i / g  i n  t h e  s a r n p l e s

gr id  coo rd ina tes  6  00N,  501 .1  and  580N,  6  0E . S l i gh t l y  e leva ted

conc t ra t i ons  o f  U -235 ,  Th -232 ,  and  Cs - l 37  we re  a l so  p resen t  i n  a  f ew

s ,  bu t  l eve l s  we re  gene ra l l y  comparab le  t o  t he  ranges  i n  base l i ne

No  o the r  gamma en i t t i ng  rad ionuc l i des  we re  p resen t  a t  I eve Is

ing  those  no rma l l y  occu r r i ng  i n  so i l .

s o i l

conce

ident

r e a d i

b a s e  I

s l i g h

f rom

sampl

s o i l .

exc

con ta
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conce

f rom

con ta
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comPa

a s  s o c

no ted

rad io

na tu r

s i t e .

eI ev

evid

meas

How

conc

Ra-2

l es  B1-B8 conta ined Ra-226 ,  eve ls  beEween 20 and 50  pc i /g  w i th

ab le  concent ra t ions  o f  U-238.  ih :se  samples  l fe re  a l l  s rna l l  rocks

ated  w i th  cons t ruc t ion  f i l l  o r  pav .n 'g .

on  o ther  NFSS proper t ies  and th roughcut

c l ide  leve ls  in  th is  par t i cu la r  type  o f

I  o r i g i n  and  no t  t he  resu l t  o f  P rev iL ' us

resu l t s  o f  ganma sc in t i l l a t i on  ueasu remen ts  i n  bo reho les  i no i - ca te

ed  rad ionuc l i de  l eve l s  t o  a  dep th  o f  30 -60  cn  i n  seve ra l  a reas .  As

ed  by  ana l yses  o f  subsu r face  samp les ,  t he  gagma bo reho re

ements  nere  re l iab le  ind ica tors  o f  e leva ted  rad ionuc l ide  1eve1s .

r,  the garnma logging data was not useful  in quant i fy ing radionucl ide

Era t ions  in  the  subsur face  so i l ,  because o f  the  vary ing  ra t ios  o f

,  l J -235,  U-238,  Th-232,  and Cs-137 occur r ing  in  so i l s  f rom th is  s i te .

ab le  6  p resents  rad ionuc l ides  measured in  so i l  samples  f rom

1es.  A t  boreho le  loca t ions  I I l -H9,  loca ted  to  be  rePresenta t ive  o f

enera l  p roper ty  cond i t ions ,  logg ing  measurements  d id  no t  iden t i f y

ce  o f  e levaEed subsur face  rad ionuc l ide  1eve ls .  There fore ,  on ly

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

Subsu r face  samp les  f r om bo reho les  H l0 ,  H l2 ,  and  H l3 ,  d r i l l ed  i n  a reas

eva ted  d i rec t  su r face  rad iaE ion ,  con ta ined  concen t ra t i ons  o f  Ra -226

the  base l i ne  so i l  l eve l s .  The  h ighes t  concen t ra t i on  was  20 .6  pC i l g ,

the  I  5  cn  depth  in  boreho le  H10. Th is  sample  a lso  conta ined

pc i /g  o f  U-238.  The ac t iv i t y  in  th is  sanp le  was assoc ia ted  l t i th  smal l

s  o f  rock l  s im i la r  rock  and rad ionuc l ide  leve ls  \ te re  no t .ed  in  the

samp le  f r om th i s  l oca t i on .  I n  bo reho le  H ]2  t he  Ra -226  l eve l s  we re

t l y  e leva ted  a l  t he  90  cn  dep th ;  howeve r  t he  concen t ra t i on  was  on l y

pC i /e .  Samp les  f r o rn  30  cm and  120  c rn  deep  i n  bo reho le  H13  con ta ined

S im i l a r  ua te r i a l  has  been

Ehe  N iaga ra  Fa l l s  a rea ;  t he

rock  i s  be l i eved  to  be  o f

MED/AEC coe ra t i ons  on  th i s

bo re

the

evid

samP

o f e

abov

from

39. r
p i e c

surf

s l i

2 . 1 6



1 2 . 3

t h i s

ind ic

radio

subsu

nd 3 .65  pCL lg  o f  Ra-226.  The h igh  d i rec t  rad ia t ion  leve l  measured a t

oca t ion  a f te r  sur face  sanp l ing ,  and the  boreho le  logg ing  measurements

te ,  however ,  Ehat  mater ia l  (poss ib ly  ind iv idua l  rocks)  conta in ing

uc l ide  leve ls  cons iderab ly  g rea ter  than those observed in  the

face  saup le ,  a re  p resent  a t  apProx ina te ly  30  cn  deep in  th is  a rea .

rat  r -ons

Sur fa e  Water

con ta

G r o s s

P r e s

ples Wl and W2 frou standing

ned gross  a lpha concent ra t ions

b e t a  c o n c e n t r a t i o n s  o f  2 . 7 7

t .  These va lues  are  w i th in

s .

water  on  proper ty  V  ( re fe r  to  Tab le  7 )

o f  1 . 6 2  a n d  1 . 8 3  p 0 i / 1 ,  r e s P e c t i v e l y .

p c i / 1  ( i { l )  a n d  1 0 . 3  p c i l 1  ( w 2 )  I t e r e

the range measured in basel ine water

sampl

Subsu face l^ Iater

ater  samples  co l lec ted  f rom boreho les  conta ined f rom 1 .08  to

i l l  o t  g r o s s  a l p h a  a n d  l . I 5  t o  L 4 . 7  p Q L l l  o f  g r o s s  b e t a .  T h e  a L p h a

i s  h i ghe r  t han  those  measu red  i n  base l i ne  samp les l  howeve r '  bo th

and  be ta  l eve l s  a re  w i t h in  t he  EPA Dr ink ing  Wate r  c r i t e r i a .  I t

be  no ted  tha t  h igh  concen t ra t i ons  o f  d i sso l ved  so l i ds  i n  nany  o f

samp les  resu l t ed  i n  res idues  wh ich  adve rse l y  a f f ec ted  the  re la t i ve

o f  t he  ana l y t i ca l  p rocedu re .

sul ts  of  the ganma scans and measurements and exploratory

ements of  d i rect  a lpha and beta-gamma 1evels,  per formed in f ive

1 0 . 6

1eve l

a lph

shoul

thes

erro

meas

bu i l

f l o

0 .01

r03
exce

b e t a

s,  are presented in Table 8.  Gamma exPosure rates at  I  m above the

ranged  f rom 4 .2  t o  6 .7  uR /h .  Be ta -gamrna  dose  ra tes  ranged  f rom

.03  n rad /h .  To ta l  a l pha  con tam ina t i on  l eve l s  ranged  f rom <26  to

m/100  cn2 ;  be ta -gamma leve l s  we re  a l l  <394  d ln l l 00  cn2  w i th  t he

ion  o f  an  i so la ted  a rea  i n  one  o f  Ehe  bu i l d i ngs  whe re  a  su r face

amma oeasurement  of  634 d/n/  I00 cn2 was recorded.
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be low

COMPARISONOF SURVEY RESULTSWITII GUIDEI,INES

gu ide l i nes  app l i cab le

F a l l s  S t o r a g e  S i t e  a r e

i onuc l ide  concent ra t ions

to  c leanup o f  o f f -s i te  p roper t ies  a t  the

presented  in  Append ix  B .  Rad ia t ion  leve ls

a t  smal1 ,  i so la ted  sPots  o f  sur face  or

the  iso la ted  areas  o f

60  uR/h  fo r  oPen land

leve l  measured (be fore

r f ace  con tam ina t i on  exceed  these  gu ide l i ne  va lues .

exposure rates in  contact  wi th two of

contaninat ion exceed the NRC guidel ine of

ccess ib le  by  the  genera l  pub l i c .  The h ighes t

)  was  240 uR/h  a t  g r id  po in t  541N,  L23E.  A t gr id  coord ina te  541N,

1 1 0 0  u R / h  f o l l o w i n g

above the  sur face  is

nt,act exposure levels increased frou 220 to

. The average exposure rate of 7 u R/h at I  m

th iu  the  60  un /h  gu ide l ine .

ncentrat ions of  Ra-226 in excess of  5 pCi /g above the basel ine level

esent  on  the  sur face  o f  the  proper ty .  Most ,  o f  these loca t ions  are

ted  w i th  smal l  a reas  o f  rock  f i l l ,  wh ich  a lso  conta ins  equ iva len t

ra t ions  o f  U-238.  The rad ionuc l ide  conten t  i s  there fore  be l ieved to

tural  or igin and not attr ibutable to previous MED/AEC act iv i t ies at

i t e .  A t  seve ra l  l oca t i ons ,  Ra -226  l eve l s  exceed ing  15  pC i /g  we re

ied  i n  subsu r face  rock  f i l l .  I so la ted  p ieces  o f  r ock - l i ke  u ra te r i a l

he r  l eve l s  o f  Ra -226 ,  bu t  w i t hou t  comparab le  l J -238  coucen t ra t i ons ,

so noted.  This mater ia l  is  considered to have resul ted f rorn MED/AEC

r e s Di rec t  su r face  and  bo reho le  l ogg ing  measu regeg ts  i nd i ca te

ace depos i ts  o f  th is  na ter ia l  to  30  cn  deep a t  g r id  coord ina te  54 lN '

The to ta l  vo lume o f  th is  na ter ia l  i s  es t imated  to  be  less  than I  u3

and t e Ra-226 concentrat ion averaged over 100 ru2 would be within the

1 4 .

r f a c e

I,hE EPA

p C i /  1 ,

and subsurface l ta ter  conta ined radionucl ide concentrat ions

In te r im  Dr ink ing  Wate r  S tanda rds  o f  15  pC i /1 '  g ross  a lpha ,

g r o s s  b e t a .and

l 0
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EPA
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u s e

Alpha

1 0 0  d

surf  a

fo r  r

saupl

night

posure  ra tes  ins ide  bu i ld ings  are  comparab le  to

sur face  contaminat ion  1eve1s  are  less  than

100 cn2 average and 300 d/n/100 cn2 maximum

background leve Is .

the  c r i te r ia  o f

(based on Ra-226).

a t i on

u-23 8

rock

su r face  con tam ina t i on  1eve1s  I i l e re ,  w i t h  one  excep t i on ,  be low

de t  ec o n  l i m i t s .

SUM},IARY

comprehens ive  survey  o f  o f f -s i te  ProPer ty  V  a t  the  N iagara  Fa l1s

S i te  was conducted  dur ing  June-August  f9$ .  The survey  inc luded

rad ia t ion  scans ,  measurements  o f  d i rec t  rad ia t ion  leve ls ,  ana lyses

ionuc l ide  concent ra t ions  in  sur face  and subsur face  so i l  and water

s ,  and  Eeasu remen ts  o f  con tam ina t i on  l eve l s  i n  bu i l d i ngs .

-pene t ra t i ng  rada r  was  used  to  i den t i f y  subsu r face  u t i l i t i es ,  wh i ch

p rec lude  bo reho le  d r i l l i ng .

survey  ident i f ied  smal l  i so la ted  areas  o f  e leva ted  d i rec t  rad i -

and soi l  contaminat ion.  The najor  contaminant  is  Ra-226;  hol tever ,

and  Th -232  a re  a l so  p resen t .  Mos t  o f  t hese  a reas  a re  assoc ia ted  w i th

te r i a l  s i n i l a r  t o  t ha t  common ly  used -as  a  f i l l  and  pav ing  base  i n

a t t r i

p i e c e

conce

a l  so

l though the contarn inated res idues on smal l

t h e  g u i d e l i n e s  e s t a b l i s h e d  f o r  r e l e a s e  o f

por t ions  o f  th is  p roPer tY

the  s i te  fo r  unres t r i c ted

not  pose po ten t ia l  hea l th

not rnigrat ing from ther i s k s

proPe

r,he N ara  Fa l l s  a rea .  I t  i s  be l i eved  to  be  o f  na tu ra l  o r i g i n  and  no t

u tab le  t o  p rev ious  MED/AEC ac t i v i t i es  on  th i s  s i t e .  Seve ra l  i so la ted

of  rock- l ike mater ia l ,  conta in ing pr inar i ly  Ra-226 at  h igher

t ra t i ons  t han  i n  t he  rock  f i l 1 ,  we re  a l so  l oca ted ;  t h i s  ma te r i a l  i s

im i l a r  t o  res idues  i den t i f i ed  on  o the r  o f f - s i t e  p rope r t i es .

bsurface contaminat ion l {as ident i f ied at l5-30 cn deep at two

bore l e  l o c a t i o n s .

bu i l d

ad ionuc l i de  concen t ra t i ons  i n  su r face  and  subsu r face  wa te r  a re  w i t h in

r ink ing Water  Standards and contaminat ion was not  ident i f ied in

ngs  on  the  p rope r t y .

the  genera l  pub l i c ,  the  contaminants  do

to the publ ic or s i t .e workers and are

E y .
l 1
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TAsLE I.D

RADIONUqLIDE CONCENTRATIONS IN BA,SELINE I{ATER SAMPLES

,  . .  a
LOCaE: -OD

Rauge

Refer to Figure 6.
Errors are 2g based

Rad ionuc l ide  Goncent ra t ions  (pCi /1 )

Groes Alpha Gross  Beta

!
+
+

!
+
+
+

t o

I{l
w2
I{3
r{4
}l5
r{6
r{7

0 .95
0 .95
0 .55
0 .63
0 .73
I  . 87
l . r 6

0  . 55

0 .93  b
0  . 94
0 .78
0 .89
0 .68
r .84
0 .66

1 .87

4 .79  a  1 . r 5
9 .17  !  1 .31
2 .73  !  I . 05
5 .37  y  l . l 7

<0 .64
14 .3  +  2 .4

<0 .63

<0 .63  ro  14 .3

on count iug  s ta t i s t i cs .
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TABLE 2

DIRECT RADIATION LEVELS
I'IEASI]RED AT 20 M GRID INTERVALS

900N
900N
900N
900N
900N
900N
900N
900N
900N
900N
900N
900N
900N
900N
900N
900N
900N
880N
880N
880N
880N
880N
880N
880N
880N
880N
880N
880N
880N
880N
880N
880N
880N
880N
860N
860N
860N
860N
860N
860N
860N
860N

catlon

90I.I
80w
60I^I
40I.I
20I,r
OE

20E
408
60E
80E

100E
l20E
I 40E
1608
180E
200E
220E
90w
80w
60w
40w
20w
OE

208
40E
608
80E

l00E
I 20E
l40E
I 60E
l80E
200E
220F'
90I.I
80w
6ot^I
40I^r
20w
OE

20F'
40E

Gammn Exposure
R a t e s a t l n A b o v e

the Surface
(un/h)

'l

8
7
7
8
9
7
7
7
7
7
7
7
7
7
6
7
8
8
8
8
8
9
8
8
8
8
8
8
8
8
8
8
8
9
9
9

1 0
9
9
7
7

Gamma Exposure
Rates at the

Surface
( un/h )

Beta-Ganma
Dose Rates at I cn

Above the Surface
(  prad/h)

L4
t0
28

7
20
18
L2
9
I
8

T7
7

13
13
7

t3
I O

a
a
a
a
a

I t
a
a
a
a
a
a
a
a
a
a
a

27
2L
23
L9
l3
T2
L2
l9

8
8
8
7
8
9
8
7
8
8
7
7
7
8
7
7
7
8
8
8
8
8
9
8
8
8
8
8
8
8
8
8
8
8

t 0
1 0
t 0
L2
9
9
8
7

2L



TABLE 2 ,  con t .

DIRECT MDIATION LEVELS
MEASURED AT 20 M GRID INTERVALS

Grid a t i on
Gamma Exposure

R a t e s a t l m A b o v e
the Surface

(uR/h)

7
7
7
7
7
7
7
7
7
8
9

l 0
1 1
9
9
8

7
7
8
8
7
7
7
8

8
8
8

20
7
9
9
8
8
8
8
8
7
7
7
1

Gamma Exposure
Rates at the

Surface
( uR/h)

Beta-Gamrna
Dose Rates at I cn

Above the Surface
(  u rad /h )

860N
850N
8 6 0 N
860N
860N
860N
860N
860N
860N
840N
840N
840N
840N
840N
840N
840N
840N
840N
840N
840N
840N
840N
840N
840N
840N
840N
820N
8 2 0 N
820N
820N
8 2 0 N
8 2 0 N
820N
8 2 0 N
820N
820N
820N
8 2 0 N
820N
820N
820N
820N

60E
80E

100E
120E
140E
150E
ISOE
200E
2208

90t4I
80I.l
60w
40I.I
20I"I

OE
20E
40E
60E
80E

IOOE
r 20E
140E
l60E
180E
200E
220E
90w
80w
60w
40w
20I,r

OE
208
40E
60E
80E

1008
LzOE
1 4 0 E
l 6 0 E
l80E
200E

8
7

l 6
1 8
1 9
1 3
l 6
24
l 9
1 8
l 6
30
2 2
2 L
2 l
t 2
20
l 0
8
8

3 l
1 3
l 3
8
7
9

t l
2 2
24
6 9
1 9
1 9
1 8
1 5
t 4
2 5
2 2
28

7
I 6
L 2
L 2

8
7
7
8
8
7
8
8
7
8
9

l 0
1 I

9
9

7
8
8
8
8

7
8
7
7
8
8
8

29
6

L 2
8
8
8
8
9
8
7
7

8

22



Grid LocaEion
Ganma Exposure

R a t e s a t l m A b o v e
the Surface

( u R / h )

7
8
9
8
7
6
9
8
1

9
7
7
8
7
7
7
7
7
8
7
7
8
6
9
I

8
7
7
7
1

7
7
7
7
7
8
7
7
7
7
9
8

TABLE 2 ,  con t .

DIRECT RADIATION LEVELS
I.{EASURED AT 20 M GRID INTERVALS

Gamma Exposure
Rates at the

Surface
( un/h)

Beta-Ganna
Dose Rates at I cm

Above the Surface
(  urad/h)

l 0
28
23
I9
10
T4
28

820N
800N
800N
800N
800N
800N
800N
800N
800N
800N
800N
800N
800N
800N
800N
800N
800N
800N
780N
780N
780N
780N
780N
780N
780N
780N
780N
7 8 0 N
780N
780N
780N
780N
780N
780N
780N
760N
7 6 0 N
7 6 0 N
7 6 0 N
7 6 0 N
7 6 0 N
7 6 0 N

220E
90w
80I.I
60w
40w
20I4I

OE
20E
40E
60E
80E

100E
l 2 0 E
140E
160E
ISOE
200E
220E
9OhI
80t,I
60I^I
40I{
20w
OE

208
40E
60E
80E

100E
1 2 0 E
l40E
I 6 O E
1808
200E
220E
90w
80w
6OI^I
40w
20I^I

OE
20E

7
8
9
8
7
5

L l
8
9
8
7
8
8
8
7
7
7
7
8
7
8

T2
6

1 0
7
7
7

7

L 2
1 1
1 8
2 2

7
9
9

28
2 L

8
7
8
8
8
8
8
8
7
1

8
1 0
8

I I
8

1 9
T 4
1 3
t 7
8

1 5
9

1 0
1 3
l 5
23
I 2
2 5
6

1 8
7

I 3
l l

7
9

l l
7
9

1 5

23



TABLE 2 '  cont .

DIRECT RADIATION LEVELS
}"IEASURED AT 20 M GRID INTERVAIS

Grtd LocaElon
Gamua Exposure

R a t e s a t l m A b o v e
the Surface

(uR /h )

Gamma Exposure
Rates at the

Surface
( un/h)

Beta-Gamma
Dose Rates at I cn

Above Ehe Surface
(  urad/h)

7 6 0 N
7 6 0 N
7 6 0 N
7 6 0 N
7 6 0 N
760N
7 6 0 N
760N
760N
760N
740N
740N
7 4 0 N
740N
7 4 0 N
740N
740N
740N
740N
740N
740N
7 4 0 N
740N
740N
740N
7 4 0 N
740N
7 2 0 N
7 2 0 N
7 20N
7 2 0 N
7 2 0 N
720N
7 2 0 N
7 20N
7 2 0 N
7 2 0 N
7 2 0 N
7 2 0 N
720N
7 2 0 N
7 2 0 N

40E
608
80E

100E
120E
1 4 0 E
1 6 0 E
180E
200E
2208
90I{
80w
60w
4OI.I
20I^I

OE
20E
40E
608
80E

1008
l20E
l40E
I 6 O E
t80E
200E
220['
90w
80w
60I,I
40I.I
20w

OE
20E
40E
60E
80E

IOOE
l20E
140E
160E
180E

7
7
7
7
7
7
7
7
8
7
7
6
7
7
7
9
6
5
6
5
5
6
7
7

7
8
9
7
6
6
7
9
6
6
5
6
5
1

6
7
7

7
7
7
7
7
7
7
8
8
7
7
6
8
7
7
9
6
5
6
5
6
7
7
7
7
7
7
9
7
-l

6
7
8
5
7
6
6
5
6
7
7
7

23
13
7

15
7

t2
20
25
8
7
9

l l
1 6
r9
t 2
l 8
8
5

L 4
5
6
7

l 0
l 2
r6
9
7

I 2
7

1 0
8

I 1
8
5
7
6
6
5

l l
7
7
7



TABLE 2,  cont , .

DIRECT RADIATION LEVELS
I'{EASURED AT 20 M GRID INTERVALS

Grid Locat ion
Gamma Exposure

R a t e s a t l m A b o v e
the Surface

(uR /h )

Gauma Exposure
Rates at  the

Surface
(  un/h)

Beta-Ganma
Dose Rates at I cm

Above the Surface
(  urad/h)

13
24
l l
23
20

a

720N
7 20N
700N
7 0 0 N
700N
700N
700N
700N
700N
700N
700N
700N
700N
700N
700N
700N
700N
700N
700N
680N
680N
680N
680N
680N
680N
680N
680N
680N
680N
680N
680N
680N
680N
680N
680N
680N
660N
660N
660N
660N
660N
660N

2008
2208
90I^I
80w
6OI"I
40I^I
20w
OE

20E
40E
60E
80E

100E
IzOE
l 4 0 E
160E
l80E
200E
2208
90tI
80w
60I.l
40I"I
2OI"I

OE
20E
40E
60E
80E

100E
1 2 0 E
140E
l 6 0 E
1808
200E
220E
90w
80w
60w
4OI.I
20I^I

OE

7
7
8
6
6
a
7
9
5
6
5
6
6
7
6
7
7
7
7
I
-

7
7
9
6
5
a
7
9
5
5
5
6
6
7
6
7
7
7

8
7
a

l l
7
9
6
5
a
7

l 5
5
5
5
6
6
7
6
7
7
7
7

l 8
7

a
a

7
8
5
5
6
6
6
6
6
8
7

a

7
2L
l l
I 4
5
6
6

1 5
5

26

a

7
9
5
6
5
6
6
8
5

t 2
7
7
7
7

a
10
24

7
a
a
6
8

6
7
8
6
a

a

5
7

2 5



Grid a t l on
Gamma Exposure

R a t e s a t l m A b o v e
the Surface

(uR /h )

TABLE 2 ' cont.

DIRECT RADIATION LEVELS
I'{EASUR-ED AT 20 M GRID INTERVALS

Ganma Exposure
Rates at the

Surface
( uR/h)

Beta-Gamma
Dose Rates at I cm

Above the Surface
(  p rad /h )

6 6 0 N
6 6 0 N
6 6 0 N
660N
660N
660N
660N
660N
660N
660N
660N
640N
640N
640N
640N
640N
640N
640N
640N
640N
640N
640N
640N
640N
640N
640N
640N
640N
620N
6 2 0 N
6 2 0 N
6 2 0 N
620N
6 2 0 N
620N
620N
6 2 0 N
620N
620N
6 2 0 N
620N
6 2 0 N
6 2 0 N

20E
40E
60E
80E

100E
1 2 0 E
140E
1 5 0 E
r 8 0 E
200E
220E'
90w
80I.{
6OI^I
40w
20w

OE
208
40E
60E
80E

100E
I  20E
l40E
t60E
l80E
200E
220E
90w
80w
60w
40w
20l,rr

OE
208
40E
60E
80E

100E
1 2 0 E
l40E
1 6 0 8
l80E

5
5
5
5
5
6
6
7
1

7
6
8
6
5
6

5
5
5
6
5
7
7
7
I

5
5
9
6

t l
T 7
7

3 7
1 5
l 0
t 4
9
6
8
6
5
8

30
9
7

l 0
2 L
28
L 4
I 2
3 1
7
7
7

I 9
2 3
L 2
9

7
7
8
6
5
6
5
8
7
7
7
7
7
8
7
7
8
7
7
7
7
8
5
5

1 8
6
7
5
6
9
1

7
7
8

4
8
6
7
7
7
6
7
7

7
a

7
7
7
5
6

T 4
6
6
5
6
8
1

8

1

3 5
l 0
1 0
5
6

l 9
20
L 2
7

1 8

2 6



Grid ca t lon
Gamma Exposure

R a t e s a t l m A b o v e
the Surface

(uR /h )

TABLE 2 '  cont .

DIRECT RADIATION LEVELS
MEASURED AT 20 M GRID INTERVALS

Ganma Exposure
Rates at the

Surface
( un/h)

Beta-Gamma
Dose Rates at I cm

Above the Surface
(  urad/h)

620N
6 2 0 N
600N
600N
600N
600N
600N
600N
600N
600N
600N
600N
600N
600N
600N
600N
600N
600N
600N
580N
580N
580N
580N
580N
580N
580N
580N
580N
580N
580N
580N
580N
580N
580N
580N
580N
560N
560N
560N
5 6 0 N
560
560

2008
220E
e0Q
80w
60I{
40w
20I^I

OE
20E
40E
60E
80E

100E
1 2 0 E
l 4 0 E
160E
r80E
200E
220E.

90w
8OIi
60w
40I^l
20w
OE

208
408
608
80E

100E
I  208
l40E
160E
1808
2008
2208
9Ot^l
80w
60w
40w
20w

OE

1

7
8
7
6
a
7
9
a
a

7
5
7
7
8
8
7

I 4
t 2
9
8
7
a

7
9

l 0
9

1 3
9
8
7
a
a
6
I

7
8
8
7
a

6
9

8
8
8
7
6
a
7
9
a

1 5
24
8

23
l 5

a

T2
9
a
a

1 6
l l
6
7

20
23
L 2
3 l
25

9
r8
10

a

27
9

l5
25
13
18
7

16
a
a

l 5
1 3
1 5
24
1 7
7

20
6

22

a
7
5
6
7
9

l 0
8

T 4
T 2
8
8
7
a

I

9
t 2
9

1 3
T 2
7
7
a
a
6
7
7
8
8
7
7
6
9

2 l



TABLE 2 '  cont .

DIRECT MDIATION LEVELS

MEASURED AT 20 M GRID INTERVALS

Grid t ion
Gamrna Exposure

Rates at I rn Above
the Surface

(uR/h)

due to

Gamma Exposure
Rates at the

Surface
( uR/h)

1 3
I 2
1 8
8

1 8
l 6

a

presence of but lding surface waterr or other

Beta-Ganma
Dose Rates at I cm

Above the Surface
(  urad/h)

5 6 0 N
560N
560N
560N
560N
5 6 0 N
560N
560N
560N
560N
560N
540N
540N
540N
540N
540N
540N
540N
540N
540N
540N
540N
540N
540N
540N
540N
540N

20E
40E
6 0 E
80E

l00E
1 2 0 8
1 4 0 8
l60E
l80E
200E
220E
90w
80w
60l.l
40I,r
20I,I

OE
20E
40E
60E
80E

t00E
t20E
1408
160E
180E
200E

T 2
8
9
9
6
6
a
a
6
7
7

l t
8
7
6
5
9
7
9
9
8
6
9
a
a

1 l
1 0

r3
L 2
8
8
6
7
a

a
8
7
7

20
T 2
8
9
5

L 7
1 6
29

a
9
6

l l
a
a

8
I 9

a
5
7
7

l 1
9
8
6
5
8
9
9
a
9
6
8
a
a

8
L 2

a M e surement not taken
bs  t ruc t i on .

28
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TABLE 9

SUMMARY OF AREAS ON PROPERTY V WHICH

EXCEED RES IDUAL CONTAMINATION CRITERIA

G r  i d t i o n a P r i n c i p a l  E s t i m a t e d  Q u a n t i t i e s  o f  M a t e r i a l  E x c e e d i n g  G u i d e r l  i n e s  R e m a r k s

Rad ionuc l idesb Area (m )  Averaqe Depth  (m)  Vo lume (m )

862-8
852-8

84

854

809-8

812-
687-69 I

O  I  O - O Z

8 l

5 6 1

a Refer
b Based

a n d

-  E e t I

d Dash

2 t -5 r t {
90-91|.l
I 4-20w
52-40W
40-47W
29-4ovi
32-35E
0-7E

l 54- I 40E
I 60- | 76E
206-220E
212-214E

47-52w
60-65E
49-52E
50-56E

t - l  l E
l6w
60W
26w
48|,J
45W
56vr
l 8E
2lE
24E
23E
58|{

r96E
I 96E
64E
24E
22E
r 9 E
21E
57E
57E

123E
l79E

Ra-226, U-238c
Ra-226, tJ-238c

Ra-226, U-238c
Ra-226, U-238c

Ra-226, V-238c

Ra-226, V-238c

Ra-226, U-258c

Ra-226, V-ztgc

Ra-226, U-258c

Ra-226, U-238c
Ra-226, U-258c

Ra-226, u-258c

Ra-226, U-258c
Ra-226, U-258c

Ra-226, U-238c

Ra-226, U-238c
Ra-226, U-258c

Ra-226, U-258c

Ra-226, U-238c
Ra-226, U-23Ac

Ra-226, u-238c

Ra-226, U-238c
Ra-226, tJ-238c

Ra-226, U-238c
Ra-226, U-238c

Ra-226, U-238c

Ra-226, U-258c
Ra-226, U-238c

Ra-226, U-258c

Ra-226, U-258c

Ra-226, U-238c
Ra-226, U-238c

Ra-226, U-238c

Ra-226, U-238c
Ra-226, U-238c

Ra-226, U-258c
Ra-226, U-238c

Ra-226 e

Ra-226 e

80
4

56
48
77
88
1 2
63
l 8
32
56
40

r00
6
9

48
,U
__d

::

-:

-:

a

n  i E

0 . r 5
0 . 1 5
0 . 1 5
n  l q

0 . 1 5
0 . r 5
0 . r 5
0 . r 5
n  t q

0 . 1 5

0 . 1 5
0 . 1 5

0 . 1 5

0 . r 5
0 . 1 5
o:l'

t:;

1 2
0 . 6
5 .4
7 . 2

l r . 6
15.2
1 . 8
9 . 5
2 . 7
4 . 8
8 .4
6

t q

0 . 9
1 . 4
7 . 2
,-:-,

6

Genera I areas of

crushed rock

f  |  i l .

lso la+ed tthot

spots r r  con fa in -
ing  c rushed rock

o r  i n d i v i d u a l
p ieces  o f  rock-

I  i k e  m a t e r i a l .
U n l e s s  l n d i c a t e d

otherw i se,

average depth is

a p p r o x .  0 . 1 5  m .

The vo lume o f

nn ter ia l  a f  each

of  these loca-

t  i o n s  i s

estimated to be
a

l e s s t h a n l m .

600

569-57
550-
540-54

82
821
t'

8 l
I

I

54
54
54

F i  g u r e  7 .

i n f o r m a t i o n  f r o m  s a m p l e  a n a l y s i s ,  d i r e c t  r a d i a t i o n  l e v e l s ,  l o c a t i o n s ,  d i s t r i b u f i o n '

s i c a  I  c h a r a c t e r i  s t i c s .

t o  b e  o f  n a t u r a l  o r i g i n  a n d  n o t

ica tes  de terminat ion  no t  made.

ed  fo  have resu l ted  f rom Prev ious

a t t r i b u t a b l e  t o  p r e v i o u s  M E D / A E C  o p e r a t i o n s .

MED,/AEC act i  v i t  i  es .
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APPENDIX A

IN STRUI'TENTATI ON A}ID ANAIYT ICAL PROCEDURES



per fo

Mode l

s c i n t

( p R / h

s  c i n t

Pres  s

S i t  e

por t

p robe

o f a

probe

Model

POr t

l ead

of  rh

t r 1

int  e

p o s s i

1o cat,

C s - 1  3

d i rec

APPENDIX A

Ins t rumen ta t i on  and  Ana l v t i ca l  P rocedu res

l 1  1 a

lkover surface scans and measurements of gamma exposure rates were

d  us ing  Ebe r l i ne  Mode l  PRM-6  po r tab le  ra teme te rs  w i t h  V i c to reen

4 8 9 - 5 5  g a m m a  s c i n t i l l a t i o n  p r o b e s  c o n t a i n i n l  a . 2  c m  x  3 . 8  c m  N a I ( T 1 )

l la t ion  c rys ta ls .  Count  ra tes  were  conver ted  to  exposure  ra tes

us ing  fac to rs  de termined by  compar ing  the  response o f  the

l la r ion  de tec tor  w i th  tha t  o f  a  Reuter  S tokes  mode l  RSS- l1 t

i zed  i on i za t i on  chamber  a t  l oca t i ons  on  the  N iaga ra  Fa l l s  S to rage

o f f - s i t e  p r o p e r t r e s .

su remen ts  we re  pe r fo rmed  us ing  Ebe r l i ne  "Rasca l , "  Mode l  PRS-1 ,

1e scaler/ratemeters with Model HP-260 thin-window, pancake G-M, beta

.  Dose ra tes  (u rad /h)  were  de tern ined by  compar ison o f  the  response

ictoreen Model 440 ionizat ion chamber survey meter to Ehat of the G-M

rehole gauna radiat ion measurements ! .ere per forued using a Victoreen

489 -55  ganma sc in t i l l a t i on  p robe ,  connec ted  to  a  Lud lum Mode l  2200

l e  s c a l e r .  T h e  s c i n t i l l a t i o n  p r o b e  n a s  s h i e l d e d  b y  a  L . 2 5  c m  t h i c k

ie ld  w i t h  f ou r  2 .5  cm x  7  mm ho les  even l y  spaced  a round  the  reg ion

sc in t i l l a t i on  c r ys ta l .  The  p robe  was  l owered  i n to  each  ho le  us ing  a

ho lde r  w i t h  a  sna l l  w inch .  Measu remen ts  we re  pe r fo rmed  a t  l 5 -30  cn

1s  i n  a l l  ho les .  The  l ogg ing  da ta  was  used  to  i den t i f y  reg ions  o f

1e  res idues  and  gu ide  the  se lec t i on  o f  subsu r face  so i l  samp l i ng

ns. Due to the varying rat ios of Ra-226, V-235, U-238, Th-232, and

,  t he re  was  no  a t t emp t  t o  es t ima te  so i l  r ad ionuc l i de  concen t ra t : . ons

l y  f r on  the  l ogg ing  resu l t s .
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Mar

rePr

s o i l

intr

ND.6

peak

perf

Ener

Rema

0 .45

Mode

-235

-238

0 .609

0 .143

0 .094

0 .  911

0 .652

MeV

MeV

MeV

MeV

MeV

i s

Spectrometry

i l  samples  were  dr ied ,  mixed,  and a  por t ion  p laced in  a  0 .5  I

1 l i  beake r .  The  quan t i t y  p laced  i n  each  beake r  l r as  chosen  to

uce the cal ibrated count , ing geometry and ranged f ron 600 to 800 g of

Net  soi l  weights nere determined and the samples counted us ing

s i c  ge rman ium and  Ge(L i )  de tec to rs  coup led  to  a  Nuc lea r  Da ta  mode l

pulse height  analyzer  system. Background and Coupton st r ipp ing,

sea rch ,  peak  i den t i f i ca t i on ,  and  concen t ra t i on  ca l cu la t i ons  ne re

using the computer  capabi l i t ies inherent  in  the anaLyzet  systen.

peaks  used  fo r  de te rm ina t i on  o f  r ad ionuc l i des  o f  conce rn  we re :

-226 f ro ro  B i -214 (cor rec ted  fo r  equ i l ib r ium cond i t ions)

f ron  Th-234 (secu la r  equ i l ib r ium assuned)

f rom Ac-228 (secu la r  equ i l ib r ium assumed)-232

-r37

a te r  samp les  ne re  rough - f i l t e red  th rough  Wha tman  No .  2  f i l t e r  pape r .

Lng suspended sol ids were removed by subsequent  f i l t rac ion through

membrane f i l te rs .  The f i l t ra te  was ac id i f ied  by  add i t ion  o f  l0  n l

o f cenEraEed n i t r ic  ac id.  A known volume of  each sample nas evaporated

t o d yness and counted for  gross a lpha and gross beta us ing a Tennelec

LB 5100 low-background proport ional  counter .
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fo r

ins t

backg

!ilas

p a r t i

i th the except ion of the exposure and dose rate conversion factors

table survey ganma and beta-gamma Beters, al l  survey and laboratory

n ts  ne re  ca l i b ra ted  w i th  NBS- t raceab le  s tanda rds .  The  ca l i b ra t i ou

ures for these portable instruments are descr ibed above.

ual i ty control  procedures on al l  instruments included dai ly

und and check-source measuremenls to conf i rm equipment  per formance

i th in  expec ted  s ta t i s t i ca l  f luc tua t ions .

ipates in the EPA Qual i ty Assurance Prograrn.

The ORAU laboratory
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PLICABLE

APPENDIX B

SUMMARY OF MDIATION GUIDELINES
TO OFF-SITE PROPERTIES AT TIIE NIAGAM FAI,LS STORAGE SITE



P r e s e n t
g u i d e ]  

i n
s i  t es : '  .
SFMP s i t
s i t e .  I
Eanne r  c
ALARA wi
a p p l i c a b
cons  i de r

The soi l
l i n i  t i ng
O r d e r  5 4
med i  ca l
add i  t i on
aggregat

PerIIlanen
mos t  c i r
A l so ,  co
Ehat  a
add i  t i on
the guid
Also ,  t
capabl l l
e f f ec t  o
averag€

]!o '

U. S. DEPARTTGNT OF ENERGY

INTERIM RESIDUAL CotiTAll lr*Att: l-* ; 'ASTE CONTROL GUIDELINES
I U K

FORI{ERLY UTILIZED SITES RE:fi-DIAL ACTIOTi PROGRA},I (FUSRAP)

AND
REIIOTE SURPLUS FACILITIES Yr-AllAGEl*ENT PROGRATI (SFMP) SITES

(Rev iew  i l i t h i n  DOE Con t i nu ing )

he re  a re  t he  res idua l  con tam ina t i on  c l eanup  and  was te  con t ro l

s  o f  gene ra l  app l i cab i l iEy  t o  t he  FUSRAP p ro jec t  and  remo te  SFMP

A s i t e - spec i f i c  ana l ys i s  w i l l  be  p repa red  fo r  each  FUSRAP and  reoo te

p r i o r  t o  de te rm in ing  res idua l  con tam ina t i on  gu ide l i nes  f o r  a  spec i f i c

add i t i on ,  i t  i s  t he  po l i cy  o f  t he  DOE to  decon tam ina te  s i t es  i n  a
nsis tent  wi th DOE's as-Low-as-reasonably-achievable (ALAP.A) pol icy.

I  be considered ia reducing levels of  res idual  Contaminat ion below

e dose l iu i ts .  AI"A,RA wi1 l  be inplenented us ing cost /benef i t
t i ons ,  and  app l i ed  on  a  s i t e - spec i f i c  bas i s

res idua l  con tam ina t i on  gu ide l i nes  we re  deve loped  on  the  bas i s  o f

maximuu indiv idual  radiat ion exposure to DOE l in i ts  speci f ied in  DOE

. lA exclus ive of  exposure f rom natura l  background radiat iou or

rocedures.  Tt re radiuo-226 and thor ium-23O guidel ines inc lude an

l in i ta t ion for  bui ldup of  radon-222 decay products in  bui ld ings.  The

of  the contr ibut ion f rom al l  na jor  pathways,  based on scenar ios for
i n t rus ion ,  e .g . ,  es tab l i sh ing  res idences  on  the  s l t e ,  r t as  assu rned .  I o

umstances,  the probabi l i ty  is  low that  such an in t rus iou wl l l  occur .

ervat ive assunpt l .ons r rere used iu der iv ing these guidel ines to eDsure

r t icu lar  dose l i rn i t  woul .d not  be exceeded.  Use of  these guidel lnes Ls

1ly conservat lve because the pathways considered ln the der ivat ion of

l ines assune a l l  water  iu take and most  food Lntake ls  f rom the s i te .

FUSMP and reuote SFHP sltes often have lirnited agricultural
and the contamLnation is generally not homogeneous. The combLned

these factors Ls such that  the probable radiat ion exPosure to the

pulation oD, or Ln the viclnlty of, FUSRAP or reDote SFMP sites

nated to these guidelines wll l not be appreciably different from that

receLved from natural background radiatl.on.

ual contaminatLon guidelines for surface contanLnation of structures

ted fron guldelines developed by the U. S. Nuclear Regulatory
(NRC) for  decont .ern{nat ion of  fac l , l i tLes and equipment  pr ior  to

decon t
normally

The res
were ada
Co'nmissL
re lease
or specl
wLth
s L t e s ,  4 CFR Part 192.

e SFI|P sLte is one that is excess to DOE Programmatic needs and ls

1984
B-1

or unrestr l .cted use^gr terminat l-ou of l icenses for byproduct,  source'

I  nuclear nater lal  3.  Ihe waste control  guldel ines are consistent
icable DOE Orders and EPA!s regulatlous for LnactLve uraniuo rnlll lng

March 21



a r e

2/  a.  s .
Fac i l i
o f  L i c

A .  - R E S I

I  o c a t

ageoc i
p roduc

FueI

The
l i n i
r a d i
s i t e
d  e t e
the
beI
as-1
S i t e
s i t

ou t s i de  a  ma jo r  ope ra t i ng  DOE R&D o r  p roduc t i on  a rea .  Remote  s i t es
e  l i ke1y  to  be  re leased  to  t he  pub l i c  o r  excessed  to  o the r  gove rnmen t

s  a f t e r  decon tau ina t i on  t han  a re  s i t es  l oca ted  w i th  na jo r  R&D o r
i o n  a r e a s .

c lear  Regu la to ry  Commiss ion  1982 Gu ide l ines  fo r  Decontau ina t ion  o f
i es  and  Equ ipnen t  P r i o r  t o  Re lease  fo r  Un res t r i c ted  Use  o r  Te rm ina t i on
nses  fo r  Byproduc t ,  Source ,  o r  Spec ia l  Nuc lear  Mater ia l .  D iv is ion  o f
c le  and Mater ia l  Sa fe ty ,  Wash ing ton ,  DC.

AI CONTA},TINATION GUIDELINES FOR FOR}IERLY UTILIZED SITES AND R-EMOTE
SUR US FACILITIES EI.DNT PROGRAH SITES

o l l ow ing  gu ide l i nes  rep resen t  t he  max iuum res idua l  con tam ina t i on
s  f o r  un res t r i c ted  use  o f  l and  and  s t ruc tu res  con tam ina ted  w i th

nucl ides re lated to the nuclear  fuel  cyc le at  FUSRAP and remote SFMP

.  A  s i t e - spec i f i c  aua l ys i s  w i l l  be  p repa red  fo r  each  s i t e  P r i o r  t o

n ing  res idua l  con tam ina t i on  gu ide l i nes  f o r  a  spec i f l c  s i t e .  I t  i s

l icy of  DOE to decontaminate s i tes to contaminat iou levels at  or

the l inLts and in a manuer consistent  w- i th  DOErs
as- is- reasonably-dchievable (ALARA) pol icy ou a s i te-speci f ic  basis .

speci f ic  guidel ines and AIARA pol icy wi l l  be determined by DOE on a

speci - f ic  basis  and au ALARA report  f i led on complet ion of  remedia l
ac t  i a t  a  s i t e .  Ex l s t i ng  6 ta te  and  fede ra l  s tanda rds  w i l l  be  app l i ed  f o r

wa t
d
rep sen ted  he re .

t1 (Land) Guidel ines (Maximun L in l ts  fo r  Unres t r i c ted  Use

pro tec t l .on .  Res idua l  con taminat lon  l in i t s  fogro ther  nuc l ides  r r i l l  be
ped wheu required using the saue nethodology: '  as rr tas used for those

d ionuc l i de

ns9!
a'231

227

-232

5 l

Soir crir 
"tt! 

,21 ,Y
(pCi /g above background)

75
r50
r50
r5

5 pCL/g, averaged over the
fLrst 15 cn of sol,l belon
the surface; 15 pCt/g when
averaged over 15 cm thlck
sol-l layers rnore than 15 cm
below the surface and less
than l .5m below the surface.

l5

50
2400
300
80

r40
40

190

i|\e,
238, 239, 24O
r37
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-90
3 (pCi ln l  so l l  rno is ture)

Desc r i bed  i n  ORO-831  and  0RO-832 .

In  t he  even t  o f  occu r rence  o f  u i x tu res  o f

f r ac t i on  con t r i bu ted  by  each  rad ionuc l i de
de te rm ined ,  and  the  sun  o f  t hese  f rac t i ons
are two specia l  cases for  which th is  ru le

300
5 ,200

r a d i o n u c l i d e s ,  t h e
t o  i t s  g u i d e l i n e  s h a l l  b e

s h a l l  n o t  e x c e e d  l .  T h e r e

m u s t  b e  o o d i f i e d :

(a)  I f  Ra-225 is  present ,  tben the f ract ion for  Ra-226 should not  be

inc luded  i n  t he  s r :m  i f  t he  Ra -225  concen t ra t i on  i s  l ess  t han  o r

equal  to  the Th-230 concentrat ion.  I f  the Ra-226 concentrat ion

exceeds the Ttr -230 concentrat iou,  then the sum shal l  be

evaluated by replac ing the Ra-226 conceDtrat ion by the

di f ference between the Ra-225 aud fh-230 concentrat ions.

(b)  Tf  Ac-227 is  present ,  then the.same ru le g iven in (a)  for  Ra-226

re la t i ve  t o  Th -230  app l i es  f o r  Ac -227  re la t i ve  t o  Pa -231 .

I
/Except  fo r  Ra-226,  these gu ide l ines  rePresent  unres t r i c ted-use

res idual  concentrat ions above background averaged acrogs any 15 cm

thick layer  to any depth and over  any cont iguous 100 n-  sur face area.

The same condi t ions prevai l  for  Ra-226 except  for  so i l  layers beneath

1.5 n;  beneath 1.5 m, the a l lowable Ra-225 concentrat ion may be

af fected by s i te-speci f ic  condt t ions and must  be evaluated

accordingly .

ItLocal ized concentrat lons in  excess of  these guidel ines are

al lowab1e provided that  the average over  100 n '  is  not  exceeded.

However, DOE AI-ARA policy wil l be considered on a site-specifLc basis

when deal ing l r t th  e levated local ized concentrat ioos.

!e curie of natural uranium Deans the sum of 3.7 * lol0
disintegrat ions perrFiecond (dis/s) over any l5cn thiSk layers from

U-238 plus 3.7 x 10" dts/s from U:234 plus L.7 x l0- dis/s frorn

U-235. One curie of natural urau'ium is equivaleDt to 31000 kilograms

or 5,600 pounds of natural  uranium.

/*"um". no other uranir:rn lsotopes are Present.

/*. fn-230 gutdellne Ls 15 pcf/g to accouDt for ingrowth of Ra-226
Ltsas Ttr-230 decays. Ra-226 is a liniting radionucllde because

decay product Ls Ro-222 gas.

The Pu-241 guideltne was derived from the Aul-241 concentratlon.

t ructure Guidel ines (Maxiuum Lini ts for Unrestr icted Use)

Indoor Radon DecaY Products

A structure located on pr ivate ProPerty and intended for

uurestr icted use shal l  be subject to remedial  act iou as necessary

2 .
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t o  ensu re  t he  annua l  ave rage  concen t ra t i on  o f  r adon  decay  p roduc ts

i s  l ess  t hau  0 .03  WL w i rh in  t he  s t ruc tu re .

.  Indoor Gar, r -a Radiat ion

The  i ndoo r  gaErma  rad ia t i on  a f t e r  decon tam ina t i on  sha l l  no t  exceed

20  n i c ro roen tgen  pe r  hou r  (20  R /h )  above  backg round  i n  any

oecup ied  o r  hab i t ab le  bu i l d i ng "

.  I ndoo r /Ou tdoo r  S t ruc tu re  Su r face  Con tam ina t i on

Al lowab1e Sur face  Res idua l ,  Contaminat ioo* l
(dpn/100 cn- )

Radionucl ides?! Auut^gJ 'L/  u^*i .JL/ '2/  R".o.r"ulJ/ '6 l

T ransuran ics ,  Ra-226,
Ra-228, Tb-230, Th-228,
P a - 2 3 1 ,  A c - 2 2 7 ,  T - 1 2 5 ,
r-t29 r00 300 20

U-Natural , Tl':-232,
Sr-90, Er-223, Ra-224, -
D - 2 3 2 ,  r - 1 2 6 ,  r - 1 3 1 ,
r - r 3 3  1 , 0 0 0  3 , 0 0 0  2 0 0

U-Natural ,  U-235, U-238,
and associated decay
products 5,000 15 '  000 I  '  000

Beta-ganma emit ters
(radionucl ides wlth
decay modes other than
alpha emission or
spontaneous f issl .on)
except Sr-90 and others
noted  above 5 ,000 15"000 1 ,000

U As used in this table, dpn (dtsintegrat lons Per uinute)
Deans the rate of emissiou by radLoactlve material as
deternined by correct ing the couuts Per m{nute observed by au

appropriate detector for background, eff ic lency, and geometr ic
factors assocLated rJ ' l th the instnmentat ion.

2! Where surface contFmination by both alpha- and
beta-ga-ma-emltt ing radionucl ides exlsts,  the l in l ts
establl-shed for alpha- and beta-gamma-emitting radlonuclLdes
shal l  apply independent lY.

! Measurements of avErage contaminant should not be averaged

over l lore than I  mt.  For objects of less surface area, the

average shall be derived for each sucb object.

I L Iy Ttre average and maximum radiation 1eve1s assoclated wtth

surface coutaminatiou resultLng frou beEa-garnna emLtters should
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no t  exceed  0 .2  rn rad /h  a t  I  cD  and  l .O  n rad /h  a t  I  cn ,

respec t i ve l y ,  measu red  th rough  no t  more  than  7  mg /cm '  o f  t o ta l

abso rbe r .

y  
The  max im 'm con tem ina t i on  reve l  app l i es  t o  an  a rea  o f  no t

more  than  100  cm ' .

6 /  
The  amoun t  o f  r emovab le  rad ioae t i ve  ma te r i a l  pe r  l 0O  cn2

B .

su r face  a rea  shou ld  be  de te rm ined  by  w ip ing  tha t  a rea  w i th  d ry

f i l t e r  o r  s o f t  a b s o r b e n t  p a p e r ,  a p p l y i n g  n o d e r a t e  P r e s s u r e ,  a n d

assess ing  the  amoun t  o f  r ad ioac t i ve  ma te r i a l  on  t he  w ipe  w i th

aD appropr iate inst rument  of  known ef f ic iency.  In lhen renovable

con tan ina t i on  on  ob jec t s  o f  l ess  su r face  a rea  i s  de te rm ined ,

the  pe r t i nen t  l eve l s  sha l l  be  reduced  p ropo r t i ona te l y  and  the

en t i r e  su r face  sha l l  be  w iped .

OF RA-DIOACTIVE WASTES AND RESIDTIES FROM FUSRAP AND REMOTE SFMP

o f

or
an

sPe f i ed  he re  a re the  con t ro l  r equ i remen ts  f o r  r ad ioac t i ve  was tes  and

the nuclear  fuel  cyc le at  FUSMP and reuote SFMP si tes"

DOE to store radioact ive wastes in  a manner

engineer ing pract lces consistent  wi th DOErs AI-ARA

and coDtro l  requi reEents speei f ied in  the fo l lowing DOE

items shal l  applY:

r e s i
I t i
reP
po l i

1 . n te r im  S to r

1 operat ional
rders and other

e s  r e l a t e d  t o
the pol icy of

sen t i ug  souod

v.

"  5480 .1A ,  Env i ronmen ta l  P ro tec t i on ,  Sa fe t y ,  and  Hea l th  P ro tec t i on

Program for  DOE Operat ions"

. 5480.2, Eazardous and Radioactive l l ixed I ' laste Managemeut"

. 5483.1, OccupatLonal Safety and Health Program for Government-Owned

Contractor-Operated FacLlit i es "

.  5484.1,  Envi ronmental  Protect ion,  SafeEy,  and Eeal th Protect l -on

Informat l .on Report ing Requirements. '

. 5484.2, Unusual Occurrence Reporting System.

. 5820, RadLoactLve Waste l lauagement.

.  Contro l  and stabi l izatLon features wi l l  be desl -gned to ensure,  to

the extent  reaaonably achievable,  an ef fect ive lL fe of  50 years '

and ln auY case,  at  least  25 Years.

Pf.-222 concentrations ln the atuosphere above facLlity surfaces

openLngs shal l  not (1) exceed 100 pct lL at auy given point,  or

average concenrrat ion of 30 pci / I  for the faci l t ty s l te,  or (2)

exceed an average F(n-222 conceDtration at or above any location

oursLde the fac i lL ty  sLte of  3.0 pCLIL (above background).

B-5



For  r ; a te r  p ro tec t l on ,  use  ex i s t i ng
app l y  s l t e - spec l f i c  measu res  whe re

6 t a t e  a n d  f e d e r a l  s t a n d a r d s ;

n e e d e d .

-Term lla

A11  ope ra t i ona l  r equ i remen ts  spec i f i ed  f o r  I n te r im  S to rage

Fac i l i t i es  (B . l  )  r ^ ' i 11  app l y .

C o n t r o l  a n d  s t a b i l i z a t i o n  f e a t u r e s  w i l l  b e  d e s i g n e d  t o  e n s u r e  t o

t h e  e x t e n t  r e a s o n a b l y  a c h i e v a b l e ,  a n  e f f e c t i v e  l i f e  o f  I , 0 0 0  y e a r s

a n d ,  i n  a n y  c a s e ,  a t  l e a s t  2 0 0  y e a r s .  O t h e r  d i s p o s a l  s i t e  d e s i g n

features shal l  conform wi th 40 CFR Part  I92 per forErance

gu ide l i nes , /  r equ i  r eDen ts  .

Rn -222  emana t i on  to  t he  a tmosphe re  f rom fac i l i t y  su r faces  o r

open igg  sha l1  ao t  (1 )  exceed  an  ave rage  re lease  ra te  o f  20

pCl /mz/s,  or  (2)  increase the annual  average Rn-222 concentrat ion

a t  o r  above  any  l oca t i ou  ou ts ide  the  fac i l i t y  s i t e  by  more  than  0 .5

pci /1 .

For  wa te r  p ro tec t i ou ,  use  ex i s t i ng  s ta te  and  fede ra l  s tanda rds ; -

apply s i te-speci f ic  measures where needed.

Pr ior  to  p lacenent  of  any Potent ia l ly  b iodegradable contaninated

wastes in  a Long-Teru Management Faci l i ty ,  such l tastes w-I1 l  be

p rope r l y  cond i t i oned  to  ( l )  ensu re  t ha t  t he  gene ra t i on  and  escape

of  b iogenic gases wi l l  not  cause the requi rement  iu  paragraph 2.c.

to be exceeded,  and (2)  ensure that  b iodegradat ion wi th ln the

fac i l i ty  rc '111 not  resul t  in  premature st ructura l  fa i lure not  in

accordance wi th the requi reuents in  paragraph 2.b. .  I f

b iodegradable wastes are condi t ioned by inc lnerat ion,  inc inerat ion

operat ions wi l l  be carr ied out  iu  compl l .ance wi th a l l  appl lcable

federal ,  s tate,  and local  a l r  emlss ion standards and requLrementsr

inc luding auy standards for  radionucl ides establ tshed Pursuant  to

40 cFR Part  61,  Nat lonal  Eulss ion standards for  Eazardous Al r

Pollutauts (NESIIAPS).

oNs

Exce
anal
s i tu

l .

ions
Ls of

t ions

may be made to the guidellnes presented hereln following
the stte-speclf lc aspects of a candldate si te.  specif l .c

that warrant consLderat iou for nodLfying these guidel lnea are:

re remedLal actions would Pose a clear aud present rLsk of ln jury to
notwithstanding reasonable measuresrs or members of the publlc'

avoid or reduce rl-sk.

re remedial actions would produce envl-roumental ham that is cLearly

cessive conpared to the healtb benefLts to Persons lLvl'ng ou or near

fected s l . tes,  Dorr  or  Ln the future,  DotwLthstanding reasonable

sures to lLnlt damage to the enviroDnent. A clear excess of

LronnenEal haru Ls harm that ls long-term' Eanlfest, aud grossly

lsproport l -onate to health benef l . ts that uay reasonably be ant ic ipated'
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D .

re  t he  cos t  o f  r e lDed ia l  ac t i ons  f o r  con ta ru ina ted  so i l  i s

easonab l y  h igh  re la t i ve  t o  l ong - te rm bene f l t s  and  the  res idua l

i oac t i ve  ma te r i a l s  do  no t  Poss '€  c l ea r  P resenE  o r  f u tu re  haza rd .  The

ke l i hood  tha t  bu l l d i ngs  w i l l  be  e rec ted  o r  t ha t  peop le  w i l l  spend

g  pe r i ods  o f  t ime  a t  such  a  s i t e  shou ld  be  cons ide red  i n  eva lua t i ng

i s  haza rd .  Reued ia l  ac t i ons  w i l l  gene ra l l y  no t  be  necessa ry  whe re

s idua l  r ad ioac t i ve  ma te r i a l s  have  been  p laced  seu ipe rmanen t l y  i n  a

c a t i o n  w h e r e  s i t e - s D e c i f i c  f a c t o r s  l i n i t  E h e i r  h a z a r d  a n d  f r o m  w h i c h

y  a r e  c o s t l y  o r  d i f f i c u l t  t o  r e l D o v e ,  o r  w h e r e  o n l y  m i n o r  q u a n t i t i e s

r e s i d u a l  r a d i o a c t i v e  m a t e r i a l s  a r e  i n v o l v e d .  E x a m p l e s  a r e  r e s i d u a l

i o a c t i v e  m a t e r i a l s  u n d e r  b a r d  s u r f a c e  p u b l i c  r o a d s  a n d  s i d e w a l k s ,

round pub l ic  sewer  1 ines ,  o r  in  fence-pos t  foundat ions .  Supp lenenta l
t a n d a r d s  s h a 1 1  n o t  b e  a p p l i e d  a t .  s u c h  s i t e s ,  h o w e v e r ,  i f  i n d i v i d u a l s
re  l i ke l y  t o  be  exposed  fo r  l ong  pe r i ods  o f  t i oe  t o  rad ia t i on  f r om

ch  ma te r i a l s  a t  l eve l s  above  those  thaE  wou ld  p reva i l  i n  Subpa r t  A .

re  t be  cos t  o f  c l eanup  o f  a  con tam ina ted  bu i l d i ng  i s  c l ea r l y

n reasonab l y  h igh  re la t i ve  t o  t he  bene f i t s .  Fac to rs  t ha t  sha l l  be

nc luded  l n  t h i s  j udg ruen t  a re  t he  an t i c i pa ted  pe r i od  o f  occupancy '  t he

nc remen ta l  r ad ia t i on  1eve l  t ha t  wou ld  be  a f f ec ted  by  rened ia l  ac t i ons ,

he  res idua l  use fu l  l i f e t i ne  o f  t he  bu i l d i ng ,  t he  po ten t i a l  f o r  f u tu re

ns t ruc t i on  a t  t he  s iEe ,  and  the  app l i cab i l i t y  o f  l ess  cos t l y  re rned ia l

t hods  than  remova l  o f  r es idua l  r ad ioac t i ve  ma te r i a l s .

ere there is  no known rernedia l  act ion.

GUI LINE SOI.IRCE

ide l i ne Source

Resl. ual  Conteminat lon Crt ter iJ

Soi l

S t ru ture Guidellne

Con of  Radioact lve Wastes and Residues

In Storage

DOE Order  5480.14 ,
40 CFR Part 1924

40 CFR Part 192,
NRC Guidelines for
Decontam{nat ion of
FacLl i t ies and EquiP-
ment Prior to Release
for Unrestr icted Use or
Terminat.ion of Licenses
for Byproduct,  Source,
or Specl.al Nuclear
Material (July 1982).

DOE Order  5480.1A
40 CFR Part 192

Guidel ine

Lon em llanagement



I /rn

?J 
""wi

bases  o f  the  res ldua l  con taminat lon  gu ide l ines  are  deve loped in

831 and ORO-832.

d  on  l in i t ing  the  concent ra t ion  o f  P .a-222 decay  Produc ts  to  0 .03  WL

n  s t r u c t u r e s .
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