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2

cn-  Equare  cent ine ter

cpn counts  per  E inu te

dpn  d is in tegra t ions  Per  n inu te

t lp rn /100 cn2 d is in tegra t ion6 Per  minu te  per
I00  Equare  cen t imete rs

f t  foo t
g  g lan

ga l  ga l lon

h hour

in .  i nch

I  l i t e r
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I .O INTRODUCTION

Th is  r epo r t  docunen ts  t he  rad io l og i ca l  cond i t i on  o f  t he  Geo rge

Herbe r t  Jones  Chen i ca l  Labo ra to r y  ( he re ina f t e r  r e fe r red  t o  aE  Jones

Labo ra to r y )  a t  t he  Un i ve rs i t y  o f  Ch i cago  i n  Ch i cago ,  I I I i no i s

f o l l ow ing  rened ia l  ac t i on  conduc tec l  by  Bech te l  Na t i ona l ,  I nc -  (BN I )

f r on  Ju l y  1987  t h rough  Oc tobe r  198? .  The  wo rk  was  pe r f o rmed  unde r

the  Fo rne r l y  U t i l i zed  S i t es  Rened l i a l  Ac t i on  P rog ran  (FUSRAP) ,  a

Depar tgen t  o f  Ene tgy  (DOE)  p ro jec t  t ha t  h tas  es tab l i ehed  to  i den t i f y

anc l  decon tan ina te  o r  o the rw i6e  con t ro l  s i t es  where  res idua l

rad ioac t i ve  con tan ina t i on  (exceed ing  cu r t en t  gu ide l i nes )  r ema ins

f t on  t he  ea r l y  yea rs  o f  t he  na t i on ' s  a ton i c  ene rgy  P rog ran .

I . I  LOCATION AND DESCRIPTION

The  canpus  o f  t he  un i ve rs i t y  o f  ch i cago  i s ' on  a  l 7 l - ae re  s i t e  i n

Ch i cago ,  I I l i no iE ,  app rox ima te l y  7  r n i  sou th  o f  t he  down town  bus iness

d i s t r i c t  ( see  F igu re  1 -1 ) .  The  Un i ve rs i t y  o f  Ch i cago  was  f  oun i l ec l  i n

I gg I  and  con ta i ns  ove r  L25  bu i l d i ngs  t ha t  r eP resen t  a r ch i t ec tu ra l

6 t y l e6  o f  t he  pas t  n i ne  decac les .  A  rna jo r  po r t i on  o f  t he  un i ve rs i t y

i s  l oca tec l  i n  t he  Hyde  Pa rk -Kenwood  Na t i ona f  H i6 to r i c  D i s t r i c t ;  s i x

un i ve rs i t y  bu i l d i ngs  ( i nc l ud ing  Jones  Labo ra to r y )  a re  I i s t ec l  i n  t he

Na t i ona l  Reg i s te r  o f  H i s to r i c  P laces  as  shown  i n  Tab1e  1 - I  (Re f .  I ) .

The Jones  Labora to ry  i s  loca ted  near  the  cen te r  o f  the  campu6 on

Er r i s  Avenue  (F igure  I -2 ) .  Th is  fac i l i t y  i s  cu r ren t l y  used  fo r

teach ing  and  research  PurPoses .

L .2  S ITE HISTORY

The Un ivers i ty  o f  Ch icago was one o f  the  foca l  po in ts  fo r  EuPpor t ing

ac t iv i t ies  conducted  by  predecessors  o f  DOE:  the  Uanhat tan  Eng ineer

D is t r i c t  (D iED)  and i t s  6uece66or ,  the  Ato lu ic  Energy  Corun iss ion

(AEC) .  Theee ac t iv i t ieB inc luc led t  the  hanc l l ing  o f  rac l ioac t ive

nater ia l  a6Boc ia ted  w i th  deve lopnent  o f  the  a tomic  bornb dur ing  t lo r l c l

l f a r  I I  (Re fs .  2 ,  3 ) .
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IABLE 1-1

PROPERTIES OF THE I'UIVERSITY OF CHICAGO LISTED If, THE

UATIONAI REGISTER OF HISTORIC PI.ACES*

Basis for
List ing

Dete
ListedProperty

SITE OF THE FIRST SELF-
SUSTAINIUG trUCLSAR REACTION'
5630 South El l is Avenue

FREDERICK C. ROBIE HOUSE'
5757 SouLh lJoodlawn Avenue

LORADO TAFT HIDWAY STUDIOS'
6016 South Ingleside Avenue

ROOI{ 405, GEORGE HERBERT JONES

CHEHICAL LABOMTORY,
5747  Sou th  E I l i s  Avenue

FRANK R. LITTLE HOUSE'
5801 SouLh Kenwood Avenue

CHARLES HITCHCOCK HALL'
1009 East 57th Street

Site of the f irst eontrol led'
eelf-sustainint nuclear chain
reaction; now nrarked bY
Henry lloore sculPture'
"Ducleer BnergY."

to t ls l66

House designed by Frank Lloyd lOlLSl66

tlright, cornPleted in 1909; the
archeLype for the Prair ie house

design that revolut ionized the

arehitecture of the Aneriean home'

ConsLnrcted in 1929 by Lorado Taft  LOlL5l66

fron sections of the first camPus

studio that was bui l t  in 1906 '  The

original  br ick barn cont inued to be

laf l 's pr ivate sculPture studio

unL i t  h is  dea lh  in  1935.

Room where a BrouP of scient ists 5128/57

under the direct ion of Dr.  Glenn T'

Seaborg  f i rs !  i so laLed (Aug.  18 '

LgAz, and weighed (SePL. 10, l9A2)
pluLonium.

Designed by Irv inB and Al len Pond; S|LL/75

regarded as an architeetural
landmark.

Designed by DniShL H. Perkins end L2l3Ol74

conslnreted ln 1902. This building
conrbines the neo-Gothic architec-
ture of nearbY buildings with a

"prair ie" moti f .

*Source: Bef.  1



Iu

oo
o
z

r

'.^v AIJSU3NNn

ct)

|r)

o
trJ

Eo
F

Eo
GI

J
U'
UJzo
?

o
E

@
lo
F
3t)

IJ

'r^v sl'l'13

'.^v 1ACIJo

a
o-

O
o
(9

I
a
()

IIo
F
a
IE
UJ

z
LU

F

sl
I

UJ
CE

(,

II



The  p r i na ry  f ocus  o f  ac t i v i t i eE  conduc tec l  a t  t he  Un i ve rs i t y  o f

Ch icago  under  con t rac t  t o  t he  ! [ED was  the  P roduc t i on  anc l

pu r i f i ca t i on  o f  p l u ton iun .  Add i t i ona l  r esea rch  anc l  deve lopnen t

ope ra t i ons  were  conc luc ted  th roughou t  t f o r l d  t Ja r  I I  t o  Euppor t  t he

a ton i c  bonb  P ro jec t .  Va r i ous  l abo ra to r i es  and  f ac i l i t i e s  a t  t he

un i ve rs i t y  we re  used  f o r  t hese  ac t i v i t i e6 ,  i nc tud ing  Jones

Labo ra to r y  (Re fs .  2 ,  3 ) .  The  rened ia l  ac t i on  conc luc tec l  a t  Jones

Labo ra to r y  i s  t he  sub jec t  o f  t h i s  t ePo r t

The  f i r s t  con t rac t  w i t h  t he  un i ve rs i t y  o f ' ch i cago  L ta6  e6 tab l i shec l

t h rough  t he  gove rnmen t ' 6  O f f i ce  o f  Sc ien t i f i c  Resea rch  anc l

Deve lopnen t  (OSRD)  i n  January  Lg42 .  By  June  o f  t ha t  yea r  '  t he  A rmy

Corps  o f  Eng inee rs  assumed  reBPonB ib i f i t y  f o r  deve lopmen t  o f  t he

a tom ic  bo rob ,  f  o rn i ng  t he  MED f  o r  t h i s  Pu rPoBe .  The  con t rac t  \ f as

t r anB fe r rec l  f r on  t he  osRD to  t he  uED i n  May  1943 .  I n  L947 ,  t he  AEC

succeec led  the  MED as  the  gove rnnen t  agency  i n  cha rge  o f  nuc lea r

p rog rams .  AEC-sponso red  resea rch  con t i nuec l  a t  t he  Un i ve rs i t y  o f

Ch i cago  un t i l  1952 .  l { hen  UED/AEC oPe ra t i ons  a t  t he  un i ve rs i t y

ceased ,  t he  f ac i l i t i e s  used  by  t he  UED/AEC were  decon tam ina tec l  t o

mee t  hea l t h  anc t  sa fe t y  c r i t e r i a  t hen  i n  e f f ec t  (Re fs '  2 '  3 ) '

Rad io l og i ca l  6u rvey6  o f  t he6e  f ac i l i t i e s  we re  pe r f o rnec l  f o r  DOE by

Argonne  Na t i ona l  Labo ra to r y  i n  1976  and  L977  (Re fs '  4 -8 ) '  These

su rveyB  i nd i ca ted  t he  P resence  o f  r es i dua l  r ad ioac t i ve  con tan ina t i on

in  f ou r  bu i l d i ngs ,  i nc l ud ing  Jones  Labo ra to r y .  DOE pe r fo rnec l

decon tam ina t i on  ope ra t i ons  i n  t hese  bu i l d i ngs  i n  1984 ;  howeve r '

because  Jones  Labora to ry  was  renova ted  a f te r  UED/AEC ac t i v i t i es

ceased ,  Bany  6ec t i ons  o f  duc two rk  weEe  no t  r eac l l l y  access ib l e  du r i ng

decon tan ina t i on  ope ra t i on6  conduc ted  i n  1984  (Re f '  3 ) '

The  rened l i a l  ac t i oD  desc r ibec t  l n  t h i s  rePor t  wa6  conc luc tec l  l n  a reas

tha t  we re  i den t i f i ed  on  t he  bas i s  o f  P re - remec l i a l  ac t i on  ac t i v i t i e6

aE  be ing  con tan ina ted  i n  excesE  o f  gu l c le l i nes '  P re - re roec t i a l  ac t i on

ac t i v i t i e6  a re  deEc r i bed  l n  subeec t i on  3 .1 ;  t he  t yPes  o f  r ened ia l

ac t i on  conduc ted  a re  desc r i bec l  i n  subsec t i on  3 .2 .

5

I



2.O REMEDIAL ACTION GUIDELINES

The  rac l i onuc l i deE  o f  p r i na ry  conce rn  a t  Jones  Labo ra to r y  p r i o r  t o

rened ia l  ac t i on  we re  va r i ous  i so topes  o f  u ran iun ,  p l u ton iun ,

t ho r i un ,  and  rac l i un .  Because  o the r  r ad ioac t i ve  i so topes  euch  as

aner i c iun -241  anc l  nep tun ium-237  a re  s t i I l  hand led l  i n  t he  Iabo ra to ry ,

ee lec ted  sanp les  we re  a l so  ana l yzed  f o r  t hese  i so toPes .  DOE

res idua l  con tan ina t i on  gu ide l i nes  gove rn ing  t he  re l ease  o f  t he

p roper t y  f o r  f u tu re  use  a re  I i s ted  i n  Tab le  2 -L -  DOE inp lenen tec l

t he re  gu ide l i nes  on  t he  bas i s  o f  t he i r  conpa t i b i l i t y  w i t h  gu ide l i nes

es tab l i shed  by  t he  Bnv i r onnen ta l  P ro tec t i on  Agency  (EPA)  (Re f .  9 ) .

The  gu ide l i nes  p resen ted  i n  Tab le  2 - I  we re  aPP I i ec l  p r i r oa r i l y  t o

su r f aces  such  as  wa l l s ,  f l oo r s ,  ce i l i ngs ,  r oo f i ng  t i I es .  and

duc two r l r .  On  su r f aces  whe re  con tan ina t i on  exceeded  t he  apP t i cab le

gu ide l i nes ,  r emed ia l  ac t i on  was  repea ted  un t i l  Pos t - r emed ia l  ac t i on

neasu remen tE  i nd i ca ted  t ha t  DOE gu ide l i nes  had  been  ne t '

The  rened ia l  ac t i on  gu ide l i ne  f o r  u ran iun -238  i n  so i l  a t  t he

Un i ve rs i t y  o f  Ch i cago  i s  t he  150 -PC i /g  I i r n i t  de r i ved  f o r  t he

I l l i no i s  Na t i ona l  Gua rd  A rno ry ,  ano the r  FUSRAP s i t e  i n  Ch i cago

(Rg f .  IO ) .  Remed ia l  ac t i on  gu ide l i nes  f o r  su r f ace  con tan ina t i on  a t

t he  Un i ve rs i t y  o f  Ch i cago  a re  IOO a tpha  dpn /100  
" . t ,  

ave rage ,  and

3OO a lpha  dp rn / I 00  
" ^ ' ,  

max imun  O .2  n rad /h  be ta -ganna ,  ave rage '

anc l  I .O  n rad /h  be ta -ganna ,  nax inumi  and  20  a lPha  dPn / IOO cm-  fo r

renovab le  con tan ina t i on  (Re f .  9 ) .  Gu ide l i nes  f o r  r ad ionuc l i de

concen t ra t i ons  i n  wa te r  t o  be  re l eased  t o  uncon t ro l l ed  a reaB  a t  t he

Un ive rs i t y  o f  Ch icago  s i t e  a re  con ta inec l  i n  a  DOE menoranduro  i ssued l

i n  1986  (Re f .  1 I ) .



SI'T}IARY OF RESTOI,AL
TABLE 2-I

COilTA}I I IIAT I O{ GU I OE L IIIES

5 pCi/g, rveraged over the first 15 cn of soil belou
the surface; 15 pci/g rhen averaged over any l5-or>
thict soil lryer belc the surface layer.

150 pCi/9r
So i l  gu ide l ines  y i l l  be  ca lcu la ted  on  a  s i te_spec i f i c
basis using the DOE manual developed for this use.

STRUCTURE GUIOELIIIES

Airtorne Radon 0ecav products

External Ganma Radiation

The average level of  gamna radiat ion inside a bui lding or habitable structure on a si te that has noradiological restrictions on its use stril l not erceed the bickground level by rore than z0 pR/h.

EASIC DoSE LIfilTS

The basic limit for the
100 mern/yr.

solr (t-rilD) qJI0ELIIES

Radionucl ide

fadirm226
Radiurr22S
Thorim-230
Thorirm-232
Uraniun-238
Other radionucl ides

Radionucl idef

Transuranics, Ra-226, R.-229, Th-A30, Th_ZZg
Pa-231, ,c-221, l-125, I-lA

fh{atural , lh-232, Sr-90, Rr-223, ea_ZZ4
U-.232, l-125, l-131, l_133

FOR THE IIIIYERSITY OFCHICAGO

annual radiation dose received by an individual mnber of the general  publ ic is

, b r a

Al lorable Residual Surface Contarinatione
(dm/l00 oiSl

rArgonne National taboratory.
lat ional Guard lrrrrrru ia r.hi

un idual  Radi
Ghicago, IL, nay 1987.
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IASLE 2-I

(conti nued)

;#:i:r, 
u_23s, u{38, and associated decay

fi::"1H,T;*Trl:adjonucr 
ides ri th decav

rrssron) except r.-;'lt,Stlsjon 
or spont.neous

u and others noted above

5 ,0008 -y  IS ,OOOB_y

hnes, guictel ines reanv rs+-iii"''.i31':;'il'Jilii':JTJ::'lJ":ff1ff:J:,:iog. backsround averased across
clocal irar{ ^^^^^_^ ..  

' l tsvsr lulr<lF surface area.

i

I
I
t

c loca l i zed  
concent r r r iano  :_  _ .  

' t rvgJ  rva ' { rF  sur face  area .

concentration ort::tl i?ns 
in ercess ter a roo<J ;;;';,:l;ff::I;Tr"T 

iilil:bre 
provided that the averase

dA rorking t"r"t 
l l |- .r. i :  .n, corbination of short_rived rr irr resurt in the urt imali ; ;Jff i  of r.3 r r05 r|.v of. l : l  

decay products in l  r irer of air that
t, lr :o. in this tabre, dpn (oisint*"".,^^. *-:,*: 

or potentiar arpha energy. - 'J

nareriat 
", 

c.t"-ii;; #,,"::j:rntegrations per minute) Io"crg.o,ni, ;il:Tlffil,':JT:HililTj#:l,jJ:if#T:li.ti"it ll fl;::i:r bv radioactive
tT^":.".:u..race 

contamination by bo,r .,"- :::::iated 
vith tt''-inii"il;ililil]"'detector ror

cstablisheo ror irpha- and *i";;.'gi;iff ffji"Trffflilling radionucrides erists, the rimitsoes should apply independenily.,f::r:.Trts of average contaninationress surrace .rea, tni e,"..e, ;;i;";T:llr$r#::il.gff, 
&mre 

than | #. For objects or
the arerage and raa .be ta-sdr'il ;i;,H'H, fi 

to.l t:1.:lJ.l',T:: i ated .yi th s.. - -0.2 nrad/h "no-i.6 ffifi: tr$Tf:;;l fi'l'g:e rruniThe ararinr'n contanination revel eppries to ln rrea of not rmre than too o,rF.



3. O REI'{EDIAL ACTION

Af te r  i t  h ras  de te rn i nec l  t ha t  bu i l d i ngs  a t  t he  Un i ve rs i t y  o f  Ch i cago

s i t e  L te re  rac l i oac t i ve l y  con tan ina ted  i n  excess  o f  ex i s t i ng  DOE

gu ide l i nes ,  DOE des igna ted  t he  s i t e  f o r  r ened ia l  ac t i on '  A l t hough

acce66  t o  6one  o f  t he  con tan ina ted  a reas  was  d i f f i cu l t  as  a  r esu l t

o f  renova t i ons  pe r fo rned  subsequen t  t o  the  te rn ina t i on  o f  I ' IED /AEC

ac t i v i t i e6 ,  i n  1984  DOE decon tan ina ted  t hose  a rea6  o f  t he  bu i l d i ng

to  wh i ch  acce68  cou ld  be  eas i l y  ga ined .  I n  1987 ,  t he  rena in i ng

con tan ina ted  a rea6  becane  E lo re  eas i l y  access ib le  fo l l ow ing

ac l c l i t i ona l  t enova t i ons .  I n  o rde r  t o  de te rn i ne  t he  6Pec i f  i c  a reas

whe re  remec l i a l  ac t i on  wa6  requ i red ,  DoE  rad io l og i ca l l y  cha rac te r i zed

the  a reas  t ha t  we re  6u6Pec ted  t o  be  con tan ina ted .

Basec l  on  t hese  cha rac te r i za t i on

pe r fo rmed .  F i gu res  3 - I  t h rough

Labo ra to rY  f r on  t he  basemen t  t o

a t  t he  end  o f  t h i s  sec t i on -

ac t i v i t i es ,  rened ia l  ac t ion  was

3-8  a re  f l oo r  P lans  o f  Jonee

the  roo f .  These  f igu res  a re  g rouped

3 .1

t]

Severa l  t yPes  o f  a reas  h te re  susPec ted  to  be  rac l ioac t i ve ly

con ta ro ina tec l  and  were  rac l io log ica l  l y  charac te r  i zed  to  p rov ide

c leare r  de f in i t i on  o f  the  sPec i f i c  a rea6  requ i r ing  rened ia l  ac t ion '

De ta i tec l  charac te r i za t ion  resu l t s  a re  rePor ted  in  a  6epara te

docunen t  (Re f .  LZ ' , ) .  P re - rened ia l  ac t ion  charac te r i za t ion  ac t i v i t i es

are  descr ibec l  be low.

3 .1 .1  Duc ts

s ix ty - four  duc ts  in  the  Jones  Labora tory  r te re  susPected  o f  be ing

contaminated l .  one o f  the6e duc t6  (Duct  19)  was never  loca ted '  even

though i t  appeared oD the  or ig ina l  d rawings  o f  the  labora tory  tha t

were  on  f i le  w i th  the  un iveE6 i ty .  The 63  duc ts  tha t  were  loca tec l

Uere  rac l ioae t i ve ly  charac te r i zec l  to  6uPPor t  renec l ia l  ac t ion  p lann ing '

surveys  o f  each duc t  L te re  Per fo rned to  de tern ine  nhether  above-

gu ide l ine  rad ioac t i ve  con tan ina t ion  r tas  PreEent '  Measurementa  were



t a l cen  a t  seve ra l  e l eva t i ons  on  t he  no r t h ,  6ou th ,  €ds t ,  6nd  we6 t  f ace
o f  each  duc t .  I n  add i t i on ,  i t  was  de te rn i ned  based  on  a  rev i ew  o f

h i s t o r i ca l  i n f o rna t i on  t ha t  t he re  was  a  po ten t i a r  p resence  o f
pe rch ro r i c  and  p i c r i c  ac i d  sa r t s  i n  t he  duc t s .  pe rch lo r i c  and
p i c r i c  ac i ds  sa r t 6  a re  exp los i ve ;  t hey  can  be  de tona ted  by  shock ,
i npac t ,  hea t r  o !  f r i c t i on .  Be fo re  rened ia l  ac t i on  was  pe r f o rned  on

the  duc t6 ,  f i e l d  t e6 t6  ee re  pe r f o rned l  t o  de te rn i ne  whe the r  t he6e

ea I tB  ue re  P resen t .  Whe re  pos i t i ve  resu l t s  L re te  t ece i ved ,  t hey  h re re

ve r i f i ed .  by  l abo ra to r y  ana l ys i s .

Based  on  v i sua l  i nspec t i on  o f  t he  wo r t<  a reas ,  a6be6 t06 -con ta i n i ng

na te r i a l  (AcM)  was  suspec ted  t o  be  p resen t  i n  t he  eon6 t ruc t i on
ma te r i a l s .  A  su rvey  was  pe r f o rmed  t o  de te rn i ne  whe the r  ACM was

Pre6en t .

3 .  I . 2  Ch inneys

The  duc t  6y6 tem i n  Jones  Labo ra to r y  t e r rn i na tes  on  t he  roo f  as

se r i es  o f  ch inneys .  Each  o f  t he6e  ch imneys  was  su rveyed  f o r

rad ioac t i ve  con tan ina t  i on .

3 . I . 3 Roo f

The  roo f  o f  t he  Jones  l abo ra to r y  was  rad io l og i ca l l y  su rveyed  t o

de te rn i ne  whe the r  i t  had  become  con tam ina ted  by  t he  depos i t i on  o f

s tack  exhaus t .  F i gu re  3 -7  i s  a  p l an  o f  t he  l abo ra to r y  r oo f .

Tbe roo f  t i l es  b rere  sanp led ,  rDd ana lyses  were  per fo rned to
de te rn ine  the  coneen t ra t ions  o f  p lu ton iun-239 ,  u ran iun-239 ,
thor iun -23O,  rad iun-226 .  and  thor lun -232 .  I t  wae  de te rn ined  tha t
the  t i l es  were  nac le  f ron  Ba te r ia l s  con ta in ing  na tu ra l l y  occur r ing
rad ioac t  i ve  na te r ia lE .

3 .1 .4  S tean  Leaks  and  F loo rs

Pr io r  to  the  per fo rnance  o f  rened ia l  ae t ion  by  decon tan ina t ion

tenova l ,  the  duc ts  r re re  s tean-c leaned to  renove any  perch lo r ic

or
or
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.p i c r i c  ac id  tha t  n igh t  be  p reBent .  Dur ing  6 tean-c lean ing
oPera t ions ,  a  nunber  o f  B tearn  leaks  occur rec t .  The  f loo rs  in  a reas
where  the6e lea l rs  occur red  sere  surveyed to  de tern ine  whether  they
had  becone  con tan ina ted  a6  a  resu l t .  Severa l  o ther  f l oo r  a reas  rJe re
a lso  rad io log ica l l y  su rveyed .

3 . I .5  Dra ins  anc l  Sewers

Sed inen ts  in  the  d ra ins  ins ide  the  labora to ry  bu i ld ing  L re re  samp lec l
based  o r i  f i nd ings  o f  the  su rvey  conduc ted  in  r9B4 (Re f .  t3 ) .  To
de te rn ine  nhe ther  con tan ina t ion  had  reached  the  pub l i c  sehre r  Ey6rem,
wate r  Eanp les  were  co l lec ted  f ron  the  aewer  a t  po in ts  bo th  above  an i l
be low the  in le t  f rom the  Jone6  Labora to ry .

3 .  I . 6  Fans  and  B lowe rs

The  f ans  and  b l owe rs  i n  t he  duc t  sys ten  we re  su rveyed  f o r
con tan ina t i on .  A  t o ta l  o f  28  d i r ec t  a l pha  neasu renen ts ,  2g  d i r ec t
be ta -gamma,  and  7  t r ans fe rab le  a rpha  measu renen ts  we re  nade .

3 .2  REMEDIAL  ACTION ACTIV IT IES

Rened ia l  ac t i on  t t as  pe r f o rned  a t  Jones  Labo ra to r y  based  on  t he

tesu l t 6  o f  t he  cha rac te r i za t i on  ac t i v i t i e s  desc r i bec t  i n
Subsec t i on  3 .1  (Re f .  LZ ) .  S ince  above -gu ide l i ne  eon tam ina t i on  was
no t  f ound  i n  t he  d ra i ns  o r  Be l Je rs ,  no  rened ia l  ac t i on  was  pe r f o rned

in  t he6e  a rea6 .  I n  t hose  a rea8  t ha t  we re  f ound  t o  be  con taD ina ted ,
rened ia l  ac t i on  na6  pe r f o rned  a6  desc r i bed  be Iow .

Rened ia l  ae t i on  eon6 i s ted  o f  r enov ing  chen i ca l  and  rad ioac t i ve

con tam ina t l on  f r om eeve ra l  a rea6 .  Fou r  t ype6  o f  r ened ia l  ac t i on
were  pe r fo rned  a t  t he  Jones  Labora to ry .  T i re  f i r s t  t no  t ype6  o f

rened ia l  ac t i on  d i scussed  be low  we re  pe r f o rned  t o  p ro tec t  t he  hea l t h
and  sa fe ty  o f  rened ia l  ac t i on  worke rs  anc l  o the r  pe r6ons  occupy ing

the  I abo ra to r y  bu i l c t i ng .

1 I



The  f i r s t  o f  t hese  ac t i v i t i e s  was  t he  6 team c lean ing  o f  t he  duc t
Eys ten .  Becau6e  t he  exp los i ve  6a l t s  o f  pe rch lo r i c  and  p i c r i c  ac i ds
L te re  de te rn i ned  t o  be  p resen t  i n  t he  duc t  sy r t en ,  t he  duc t s  had  t o
be  f l ushed  w i t h  6 tean  t o  r emove  t he  Ea I t s  be fo re  f u r t he r  r emed ia l
ac t i on  cou ld  be  pe r f o rned .

A f te r  t he  duc t  sys ten  wa6  s tean -e leaned ,  t he  Ac l l  r ras  renoved  baeed
on  su rvey  resu l t g  i nd i ca t i ng  t ha t  i t  was  p resen t  i n  a reas  vhe re  wo rk
waE to  be  pe r fo rned .  The  ACM was  renoved  to  p ro tec t  t he  worke r
sa fe t y .  'A  t o ta r  o f  5 r z  f t z  o f  ACM was  renoved  f r on  t he  Jones
Labo ra t  o r y .

Fo l l ow ing  t he  Eemova l  o f  ACM,  rened ia l  ac t i on  con t i nue i l ,  eon6 ie t i ng
o f  t he  renova l  o f  r ad ioac t i ve l y  con tam ina ted  duc t s .  Duc t6  I 0 ,  26 ,

29 ,  and  64  h te re  removed .  The  l oca t i ons  o f  t hese  duc t6  a re  shown  i n
F igu res  3 -9  t h rough  3 - I I .  F i na l I y ,  t he  f l oo rs  ne re  scabb ted  t o

l emove  f i xed  con tam ina t i on .  The  a reas  t ba t  we re  scabb led  a re  shown
in  F igu res  3 -L2  t h rough  3 -14 .  F i gu re  3 - I 5  shows  t he  l oca t i ons  o f

t he  ch imneys  t ha t  we re  c l eaned .

Rad ioac t i ve l y  eon tan ina ted  was tes  renoved  du r i ng  remed ia l  ac t i on
were  sh ipped  t o  A rgonne  Na t i ona l  Labo ra to r y  ( a  DoE  fac i t i t y  i n

A rgonne ,  I l l i no i s )  f o r  d i sposa l .  The  ACM tha t  was  no t  r ad ioac t i ve l y
con tam ina ted  wa6  p laced  i n  asbes tos  d i sposa l  bags  and  t r an6po r tec l

f r om the  s i t e  by  a  was te  hau le r  l i censec l  t o  d i spose  o f  ACM.  A I I
wa te r  h tas  s to red  on -s i t e ,  t es ted  t o  ensu re  t ha t  i t  ne t  app l i cab le

I i n i t s ,  and  t hen  re l eased  t o  t he  aewer  6y6 tem.

3.3 CONTN4INATION CONTROL DURING REMEDIAL ACTION

Dur i ng  rened ia l  ac t i on r  B€aBUEes  we re  t aken  t o  p reven t  t he  sp read  o f

con ta rn i na t l on  and  t o  keep  exposu re  ra te6  as  l ow  as  poss ib l e  f o r

bu i l< l i ng  occupan t6 ,  i nc lud ing  the  renec l i a l  ac t i on  worke rs .  D leaeures
were  a l so  t aken  t o  mon i t o r  a i r bo rne  rac l i oac t i v i t y  r e6u l t i ng
p r i na r i l y  f r om du6 t  and  t o  t i n i t  t he  exposu re  o f  pe rsonne l  t o

a6be6 t06 .

L2



The fo l low ing  con tamina t ion  con t ro l  nea6ureB were  inp lemented  dur ing
rened ia l  ac t ion :

AI I  sand ing ,  scabb l i ng ,  g r i nd ing ,  o r  cu t t i ng  was  done
w i th in  a  con ta innen t  box  (a  ca rdboard  o r  p l y lood  box  n i t h
a  p l as t i c  t op  t ha t  pe rn i t t ed  t he  ope ra to r  t o  u6e  t he
Prope r  equ ipmen t  bu t  p reven ted  t he  uncon t ro l l ed  re l ease
o f  con tan inan t s ) .  The  t op  a l so  had  an  open ing  f o r  t he
hose  o f  t he  h i gh -e f f i c i ency  f i l t e rec l  exhaus t  vacuun ,
wh i ch  was  used  p r i na r i l y  f o r  dus t  con t ro l .

A I I  pe rsonne l  work ing  i n  a reas  where  ACM was  p resen t  wore
resp i ra to r y  p ro tec t l on .  I n  add i t i on ,  a  con t ro l  a rea  L ras
eB tab l iEhed  whe re in  t he  a f f ec ted  aEea  wa6 . iEo Ia ted  f r om
the  res t  o f  t he  bu i l d i ng  us ing  a  pa r t i t i on  made  o f
p l as t i e  f i Im .  Th iB  eon t ro l l ed  a rea  se rved  a6  t he  on l y
aceeEs  and  eg ress  f r om the  asbes to6 -con ta i n i ng  a rea .  A I I
equ ip rnen t  was  vacuumed  be fo re  i t  wa6  removed  f rom the
a rea .

Cont inuous  a i r  samp l ing  was  per fo rned  a t  Bevera l  po in ts  w i th in  the
bu i ld ing  to  ensure  tha t  con tamina t ion  con t ro r  meaBure6  were
6uceess fu l .

o
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4. O POST-REIIEDIAI ACTION I'IEASUREMENTS

Pos t - rened ia l  ac t i on  mea8u renen ts  we re  t aken

ac t i on  was  pe r f o rned ,  i nc l uc t i ng  t he  scabb led

beh inc l  t he  removed  duc ts .  T t rese  u teasu renen tE

d i rec t  a lpha  anc l  be ta -gamma measure t ren t6 -

i n  a reas  where  rened ia l

a reas  anc l  the  r ta l l s

con6 is tec l  P r imar i IY  o f

I n  t he  t ab les  shown  i n  t h i s  eec t i on ,  uEe  o f  t he  ' l e ss  t han '  (< )

no ta t i on  i n  r epo r t i ng  resu l t s  l nc l i ca teE  t ha t  t he  rac l i onuc l i de  was

no t  p re6en t  l n  concen t ra t i ons  t ha t  a re  quan t i f i ab l e  w i t h  t he

ins t rumen ts  and  t echn iques  uEec l .  The  ' l eBB  than '  va l ue  rep resen ts

the  l owe r  l i n i t  o f  t he  quan t i t a t i ve  capac i t y  o f  t he  i ns t r unen t  anc l

t echn ique  use i t .  I t  i s  based  on  va r i ous  f ac to IS ,  i nc l ud ing  t he

vo lune ,  t Lze ,  and  we igh t  o f  t he  samp le  f o r  bu l k  sanp les ;  su r f ace

a tea  o f  t he  de tec to r  f o r  d i r ec t  and  t r ans fe rab le  neaBurenen ts ,  t he

t ype  o f  de tec to r  used ;  t he  coun t i ng  t i ne ,  and  t he  backg round  coun t

ra te .  The  ac tua l  concen t ra t i on  o f  t he  rac l i onuc l i de  i s  l ess  t han  t he

va lue  p receded  by  t he  ' l e s6  t han "  synbo l .  I n  add i t i on ,  s i nce

rad ioac t i ve  decay  i s  a  r andom P roce66 ,  a  co r re l a t i on  be tween  t he

ra te  o f  d i s i n teg ra t i on  and  a  g i ven  rad ionuc l i de  eoncen t ra t i on  canno t

be  P rec i se l y  es tab l i shed .  Fo r  t h i s  r eason ,  t he  exac t  concen t ra t i on

o f  t he  rad ionuc l i de  canno t  be  de te rm ined .  As  such ,  each  va lue  t ha t

can  be  quan t i t a t i ve l y  de te rn i nec l  has  an  as6oc ia ted  unce r ta i n t y  t e rn

(g . ) ,  wh i ch  reP resen tE  t he  amoun t  by  wh i ch  t he  ac tua l  concen t ra t i on

can  be  expec ted  t o  d i f f e r  f r om the  va lue  g i ven  i n  t he  t ab le '  The

unce r ta i n t y  t e rn  has  an  as6oc ia ted  con f i dence  l eve I  o f  95  Pe rcen t '

A l l  t he  be ta -gamma Eeasurenen t6  a re  EePor ted l  w i th  backg rounc l

l nc l ud ted .  These  neasu renen ts  we re  a l l  t aken  w i t h  Po l t ab le ,

hanc l -he ld  i ns tEumen t6 .  Backg round  measurenen ts  reco rded  w i th  euch

ins t runen ts  can  va ry  f rom roon  to  roo !0  fo r  va r i ous  rea6on6 '

i nc l ud ing  t he  use  o f  d i f f e ren t  i n6 t rumen t6  l n  t he  va r i ous  room6 ,  t he

occu r renee  o f  sna l l  changes  i n  t he  resPonse  o f  t he  i ne t runen t  ( e ' g ' '

new  ba t t e r i es ) ,  and  sna l l  day - t o -day  changes  i n  t he  amb ien t

backg round .
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The  a reas  l n  wh i ch  rened ia l  ac t i on  was  conduc ted  we re  rad io l og i ca l t y
su rveyed  t o  de te rn i ne  whe the r  r ened ia l  ac t i on  gu ide l i nes  had  been

De t -  D i rec t  con tac t  meagu renen t6  we re  ob ta i ned  us ing  a

Ge ige r -Mue I I e r  coun te r .  The  number  o f  r ead ings  ob ta i ned  gene ra l l y

ave ragec l  f i ve  Pe r  6qua re  Be te r .  Whe re  phy6 i ca t  f ea tu res  pe rn i t t ed ,

Eeasurenen ts  L te re  ob ta ined  i n  the  cen te r  o f  a  l - n  by  I -n  square  and
a t  t he  f ou r  co rne rs  o f  t he  squa re .  T rans fe rab le  a l pha  read ings  we re

a l so  ob ta i ned ,  E t  a  n i n i nun ,  a t  t he  l oca t i ons  t ha t  exh ib i t ed  d i r ec t

a lpha  !0easu renen t6  above  gu ide l i nes  fo r  t rans fe rab le  con tamina t i on .

These  measurenen ts  were  ob ta ined  by  w ip ing  a  rO-cn  by  ro -cm a rea

w i t h  a  f  i l t e r  and  t ak i ng  a  Bea6u re rDen t  o f  t he  f  i l t e r .

Add i t i ona l  de ta i l  abou t  t he  ne thods  used  t o  ob ta i n  pos t - r ened ia l

ac t i on  neasu remen ts  i n  6pec i f i c  a rea6  a re  con ta i ned  i n  t he

6ubsec t i ons  t ha t  f o I I ow ,  aa  a re  sunmar i es  o f  t he  f i nd ings .  F i gu res
and  da ta  t ab les  f o r  t he  a rea6  i n  wh i ch  pos t - r emed ia r  ac t i on

neasu remen t6  ne re  t aken  a re  g rouped  a t  t he  end  o f  sec t i on  4 .0 .

As  shown  i n  t he  t ab les ,60 r r€  o f  t he  d i r ec t  pos t - r emed ia l  ac t i on

measu remen ts  exceed  lOO a lpha  dp rn / IO0  
" ro ' .  

The  app l i cab le
remed ia l  ac t i on  gu ide l i ne  f o r  su r f ace  con tam ina t i on  i s

I oo  a tpha  dpm/ IOo  
" r ' ave raged  

ove r  a  l - r n2  a rea ;  wh i l e  t he

nax inum fo r  an  i nc l i v i dua l  measu remen t  i s  3oo  a rpha  dpm/ r00  
" r t .The  measu remen ts  l i s t ed  i n  t he  t ab Ie6  a re  i nd i v i dua l  mea6u remen ts

l a the r  t han  ave rages ,  d r rd  t he6e  meaau remen ts  a re  a I I  be low  the

300 -a Ipha  dp ro / I ooc ru2  nax imum.  Fo r  a I I  a rea6  i n  wh i ch  measu remenrs

exceed ing  IOO a lpha  cpn /100  
" r t  

r " r "  ob ta ined ,  t he  ave rage

neasurenen t  ove r  t he  i nc luE ive  I -n2  a rea  ua6  be low  the
)

100 -a lpha  dpn /100  cn -  gu ide l i ne .  The re fo re ,  pos t -Eened ia l  ac t i on
mea6u renen ts  i nd i ca te  t ha t  app l i cab le  r ened ia l  ac t i on  gu ide l i neE

have  been  ne t .

{ . 1  DUCTS

Measu renen ts  t aken  f o l l ow ing  decon tam ina t i on  p rocedu res  i nd i ca tec l

t ha t  f ou r  o f  t he  s i x t y - t h ree  duc t s  (Duc t s  I 0 ,26 ,29 ,  and  6 { )  we re

s t i l I  con tan ina ted  above  gu ide l i nes .  These  f ou r  duc t6  ne re  renoved ,
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and  EamP1es  we re  Bub6equen t l y  t aken  f r on  t he  wa l l s  beh ind  t he  duc t s
to  de te rm ine  whe the r  a I I  t he  con tam ina t i on  wa6  removed  w i t h  t he
duc t s .  Measu remen tE  t aken  du r i ng  t he  remova l  o f  Duc t  10  i nd i ca ted
tha t  a  sna l l  a rea  on  t he  wa l l  i n  Roon  409  was  con tam ina ted .  Th i s
a tea  r t as  c l eaned ,  6 l l d  Pos t - r ened ia l  ac t i on  nea6u renen t6  we re  t aken .
Pos t - r ened ia l  ac t i on  samp l i ng  l oca t i ons  f o r  t he  duc t6  a re  shown  i n

F igu res  { - I  t h rough  4 -28 ;  a66oc ia tec t  ana l ys i s  r esu l t 6  a re  repo r tea l

l n  Tab les  4 -1  t h rough  { - 8 .

4 .2  CHIMNEYS

Eleven  a i r  ven ts  in  the  ch inneys  were  decon tamina tec l  to  b r ing  them
in to  conp l iance  w i th  eur ren t  DoE gu ider ines .  p igu re  4 -zg  shows
typ ica l  pos t - remed ia l  ac t ion  neasurement  roca t ions .  The
meaBurements  ob ta ined  a t  these  loca t ions  a re  repor ted  in  Tab les  4 -9
and  4 - I0 .

4 . 3  F L O O R S

F loo rs  t ha t  we re  f ound  t o  be  con tan ina ted  above  gu ide l i ne  l eve l s
we re  scabb led  t o  r emove  f i xed  con tam ina t i on .  Seve ra l  a reas  h re re
g rou ted  be fo re  f i na l  pos t - r ened ia l  ac t i on  nea6u renen t6  L re re  t aken .
These  a reas  L te re  Ecanned  be fo re  t hey  we re  g rou ted ,  an i l  a l I  r ead ings
b te re  w i t h i n  gu ide l i nes .  An  I ndependen t  Ve r i f i ca t i on  Con t rac to r
(M)  was  enp loyed  t o  su rvey  t hege  a rea6  be fo re  t hey  h re re  g rou ted

and  de te rn i ne  whe the r  r ene i l i a l  ac t i on  was  Buccess fu l .  F i gu res  4 -30
th rough  4 -33  show  the  f l oo r  a rea6  whe re  pos t - r ened ia r  ac t i on

nea8u renen tE  we le  t aken .  Po6 t - r enec l i a l  ac t i on  Eea6u reDen ts  f o r  t he

f l oo rs  a re  repo r ted  i n  Tab les  i - I I  and  4 -LZ .

4.4 BLOLERS

t fh i l e  r ened l i a l  ac t i on  was  be ing  conduc ted  i n  t he  f ou r t h  f l oo r  a t t i c ,

a  sna l l  b lower  and  i t s  noun t i ng  were  found  to  be  con tan ina ted  anc t

were  renoved .  S ince  the  en t i re  un i t  sas  renoved ,  no  pos t - remec l i a l

ac t i on  measu renen t6  o f  t he  un i t  we re  t aken .
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A. ROO}.| FLOOR (FIG. 1-2)
B. SOUTH DUCT WALL |FIG.
C. }EST DUCI }'ALL (FIG.
D. I{ORTH DUCT UALL IFIG.

4  -31
4  -3 )
4 -3 t

E.
F

G.

DUCT PEDESTAL (FIG. 1.3I
ROO||  }JALL (FIG. { .4)
FRONI INSIDE TALL (FIG. 4-5)

fiOT TO SCALE)

FIGURE 4-1 SURFACES OF DUCT 1O WHERE POST.REMEDIAL
ACTION MEASUREMENTS WERE TAKEN
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ROOM FLOOR TOP V I E}I

FAI-I FAI.2 F A2-2

FAI -3 F A2-3

FA I .4 FAI-5 FA2-5

FBI-3 FB2-3

FBI-4 FB I .5 FB2-5

FrcuRE 4-2 LocATtoNs oF POSr-REMEDIAL AcrloN MEASUREMENTS

ON SURFACE A OF DUCT 10
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DUCT UALLS

r
5m

l_

SOUTH
WALL

WEST
WALL

TOP VIEW

NORTH
WALL

DN- I

DN.2

DN-3

DN-4

DN-5

DE- I

DE -2

DE -3

DE -4

DE -5

DS. I

DS-2

DS-3

DS-4

DS-5

DUCT PEDESTAL

FIGURE 4-3 LOCATIONS OF POST.REMEDIAL ACTION MEASUREMENTS
ON SURFACES B, C, D, AND E OF DUCT 10
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OUTER }IALL SIDE VIEVI

FIGURE 4-4 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE F OF DUCT 10
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tA- r vA-2

HA.3

HA- 4 HA-5

}{B-3

wB-4 h,B-5

lrc-3

wc-4 tlc-5

tD-3

OPPOSITE SIDE OF ROO},| HALL
(FRONT INSIDE UALL)

FIGURE 4.5 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE G OF DUCT 10
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A. ROOM FLOOR (FIG. {-?I
B. ROO}.{  UALL (FIG. 4-8I
C. SOUTH DUCT WALL IFIG. 4-9}

D. EAST DUCT TALL (FIG. 4-9I
E. INNER TALL (FIG. 4-IO)

0.r0T I0 scALE)

FIGURE 4-6 SURFACES OF DUCT 26 WHERE POST-REMEDIAL
ACTION MEASUREMENTS WERE TAKEN
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ROOM FLOOR
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FIGURE 4.7 LOCATIONS OF POST.REMEDIAL ACTION
MEASUREMENTS ON SURFACE A OF DUCT 26
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KNOCKED

FIGURE 4.8 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
ON SURFACE B OF DUCT 26
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FrcuRE 4_9 LOCATTONS Of PoST-REMEDTAL ACTTON MEASUREMENTS
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INNER WALL

HAI- I HAI.2 vA2-2

wAt-3 wA2-3

wAr -4 UAI-5 wA2-5

wBt-3 htBz-3

wBr-4 hil -5 hts2-s

wct-3 uc2-3

wct-4 wcr-5 uc2-5

wDt-3 lD2-3

FIGURE 4.10 LOCATIONS OF POST.REMEDIAL ACTION
MEASUREMENTS ON SURFACE E OF DUCT 26
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A.
B.
c.

ROOM FLOOR (FIG.  4- I2)
ilionfH DUcT UALL (FIG. 4-l3l
EAst ouct wALL (Flc. 4-13)

D.
E.

SOUTH OUCT TALL
ROOI{ TALL (FIG.

(F IG .4 - l 3 l
{ - 14 )

NOT IO SCALE)

FIGURE 4-11 SURFACES OF DUCT 29 WHERE POST-REMEDIAL
NCTiOTI MEASUREMENTS WERE TAKEN
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FAI- I FAI-2 F A2-2

FAI-3 FA2-3

FAI-4 FAI.5 FA2.5

FBI-3 F82.3

FBI-4 FBI.5 FB2-5

FCr-3 FC2-3

FCr-4 FCr-5 FC2-5

FDI-3 FD2-3

FDI-4 FDI-5

FTGURE 4.12 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
ON SURFACE A OF DUCT 29
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DA-3
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DB.3

DB-4 DB.5

DC-3
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FIGURE 4-13 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACES B, C, D, AND E
OF DUCT 29
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0Al- l oAt -2 0A2-2
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082-5
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FIGURE 4-14 LOCATIONS OF POST-REII.EDIAL ACTION MEASUREMENTS

OTU SUNFACE F OF DUCT 29
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I

A.
B.
c.

ROOM FLOOR (FIG. 1-I6)
ROOM CEIL ING (F IO.  4 - t1 )
I)UCT PEDESTAL (FIG. 4. I8)

D .
E .
F .

DUCT PARTI I ION (F IG.  { - I8 )
SOUTH DUCT i lALL (FIG. 4-I8)
ROOII TJALL {FIG. 4-I8) (NOT TO SCALE)

FIGURE 4.15 SURFACES OF DUCT 64 WHERE POST-REMEDIAL ACTION
MEASUREMENTS WERE TAKEN (FIRST FLOOR)
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5 READINGS PIR SOUARE IIETER

r- tm -l

t-
lm

l_

FlAr- f  FtAt-2 FlA2-2 FtA3-2 FlA4-2

F tAt-3 F lA2-3 F tA3-3 F lA4-3

FrAt-4 FlAl-s FlA2-5 FlA3-5 FlA4-5

F rB l -3 F lB2-3 F tB3-3 F lB4-3

F rBr-4 F lBt-5 F lB2-5 F lB3-5 F lB4-5

ROOM FLOOR TOP VIENJ

FIGURE 4-16 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE A OF DUCT 64
(FTRST FLOOR)
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5 READINGS PER SOUARE METER

f- 
rm -1

1-
lm

l_

ROOM CE I L ING TOP VI Et{

ctAt- l c rAr -2 ctA2-2 c r A3-2

ctAt-3 c I A2-3 ctA3-3

crAr-4 crAl-5 c r A2-5 c r A3-5

crBr-3 c r82-3 c r83-3

c rB l-4 crBr-5 c r B2-5 c t83-5

FIGURE 4-17 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE B OF DUCT 64 (FIRST

FLOOR)
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LL lJ-

TOP VIEW (DUCT PEDESTAL)

o TALL

PARTIT ION
SMALL

I
I

.5m-T
I

SIDE VIEH
EAST IIALL

(ASBESTOS DUCT)

r-rm-

REAR VIEI{
(SOUTH DUCT |IALL)

T_
lm

L

i lAr- l  wlAl-2 v lA2-2

l f  lAt-3 WlA2-3

wrAr-4 WlAl-5 l f lA2-5

.  } { lBt  -3 HlB2-3

rtBr-4 UlBl-5 UlB2-5

i l lc t -3 t lc2-3

rtct-4 t lcl-5 t lc2-5

i lDt  -3 HlD2-3

FRONT VIEW (ROOM }IALLI

FIGURE 4-18 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
ON SURFACE-S i,-D, E, AND F Of DUCT 64 (FIRST FLOOR)
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A. R00u FL00R (FIG. 1-20)
B.  ROOH CEIL ING (F IG.  { -2 I )
C. DUCT PEOTSTAL (FIG. 4-22)
D.  DUCT PARTITION (F IG.  4 -22)

E.
F.
G.

SOUTH DUCT TALL (FIG. 1-22)
FRONT INSIDI UALL (FIG, 4-221
ROO},| HALL IFIG. 4-23I

(NOT TO SCALE)

FIGURE 4.19 SURFACES OF DUCT 64 WHERE POST.REMEDIAL
ACTION MEASUREMENTS WERE TAKEN
(sEcoND FLOOR)
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5 REAOINGS PER SOUARE METER

lm

t-
lm

l_

F2Ar-r F2At-2 t2A2-2 F2A3-2 F2A4-2

F2Ar -3 F2A2-3 F2A3-3 F2A4-3

F2Al -  4 F 2Ar -5 F2A2-5 F2A3-5 F2A4-5

F2Bt-3 F2B2-3 F2B3-3 F2B4-3

F2Br -4 FzBt -5 F2B2-5 F2B3-5 F2B4-5

ROOM FLOOR TOP VIE}J

FIGURE 4-20 LOCATIONS OF POST-R.EUCOINL ACTION MEASUREMENTS
oN SURFACE A OF DUCT 64 (SECOND FLOOR)
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5 READINGS PER SOUARE T,ETER

t-
lm

l_

CEILING CUTOUT

ROOM CEILING TOP VIE}J

c2At-t czAt -2

c2Ar -4 c2A r -5 c2A3-5

OPEN AREA

FIGURE 4.21 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE B OF DUCT 64
(sEcoND FLOOR)
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GJ t\J
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- r . S
t - l

hk
H H

lr ll

TOP VIETJ (DUCT PEDESTAL}

SIDE VIEvl
(EAST DUCT }JALL )

REAR VIEI{
(SOUTH DUCT IIALLI

T_
tm

L

r-rm-
w2Ar- | l ' lzAt-2

w2Al-3 t2A2-3

w2Af-4 H2At-5 V2A2-5

w2B: -3 W2B2-3

H2Br-4 H2Bt--5 H2B2-5

H2Ct -3 U2C2-3

u2cf-4 uzct-5 V2C2-5

HzD t -3 1202-3

TRONT VIET (FRONT INSIDE TALL)

FIGURE 4.22 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACES C, D, E,
AND F OF DUCT 64 (SECOND FLOOR)
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5 READINGS PER SOUARE }trTTR

t-
lm

l_

ROOM UIALL F RONT V I EW ( F AC I NG SOUTH )

02At-r 02At-2 o2A2-2 02A3-2

02Ar -3

02At -4 02Al -5 02A2-5 02A3-5

02Br -4 02Bl -5 0282-5 0283-5

02cr-3 02c2-3 02c3-3

FIGURE 4.2g LOCATIONS OF POST.REMEDIAL ACTION
MEASUREMENTS ON SURFACE G OF DUCT 64
(sEcoND FLOOR)
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A.
B.
c.
D.

R00l' l FL00R (FIG. 1-25)
ROOM CEILING (FIG. 4-26)
DUCT PEDESTAL (FIG. 4-27)
r'Asr ouct IALL (FIG. 4-271

E. SOUTH DUCT HALL (FIG. 4-27I
F. wst DUcT uALL (FIG. 4-271
b. inHrn IALL (FlG. 4-21)
i .  noou HALL (FlG. {-28) (NOT TO SCALE)

FIGURE 4-24 SURFACES OF DUCT 64 WHERE POST-REMEDIAL
MEASURETVTET'IiS WERE TAKEN (THIRD FLOOR)
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5 READINGS PER SOUARE T{ETER

r- rm -1

t-
tm

l_

ROOM FLOOR TOP VIE}I

F3Al- |F3A|-2F3^2-2F3A3-2F3A4-2

F3At -3 F3A2-3 F3A3-3 F3A4-3

F3At-4F3Al-5F3A2-5F3A3-5F3A4-5

F3Bl -3 F3B2-3 F3B3-3 F3B4-3

F3Bl -4 F3Bl -5 F3B2-5 F3B3-s F3B4-5

I

I

i

FIGURE 4.25 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS

Or.r SUnFACE A OF DUCT 64 (THIRD FLOOR)
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5 READINGS PER SOUARE HETER

r- rm -1

t-
lm

l_

ROOM CEILING TOP VIETJ

c3Ar-l c3At -2 c3A2-2 c3A3-2

c3A I -3 c3A2-3 c3A3-3

c3Ar -4 c3Ar -5 c3A2-5 c3A3-5

c3B r -3 c382-3 c3B3-3

c3B I -4 c3B r -5 c382-5 c383-5

FIGURE 4.26 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACE B OF DUCT 64
(THIRD FLOOR)
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o ASBESTOS
DUCT

I
1!

l!

-I
l5cm

_1
TOP VIEVf (DUCT PEDESTAL}

REAR VIE|{
(SOUTH DUCT }IALL)

SIDE VIEt l
(EAST DUCT I{ALL)

SIDE VIEv{
(IIEST DUCT WALL)

r
tm

L

@

r-rm-
H3A-t W3A-2

w3A-3

w3A-4 }{3A-5

H3B-3

r3B-4 l l3B-5

T3C-3

u3c-4 W3C-5

H3D-3

SOUTH INNER UALL

FRONT VIEW (INNER TALL)

FIGURE 4-27 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS ON SURFACES C, D, E, F,
AND G OF DUCT 64 (THIRD FLOOR)
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5 READINGS PER SOUARE METER

t-
lm

l_

ROOM Y{ALL FRONT V I EI{ ( FAC I NG SOUTH )

03Ar-t  03At-2 03A2-2 03A3-2

03A3-303At -3

03Ar -4 03At -5 03A2-5 03A3-5

03Bt -4 03Bt -5 0382-5 0383-5

03cr -3 02c3-3 03c3-3

FIGURE 4.28 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
oN SURFACE H OF DUCT 64 (THIRD FLOOR)
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l 4 (3 )

V5H
Lrl
l5 (4 )

,t,o,4uu
l6(  3)- t -J

l8[1]flu'
20(3)€V8

zr ut{ vs

SECTION B VIO

ut?
27(3)
28(  4)

vl4

v l5
33(3)€

(NOT TO SCALE)

SECTION C

FIGURE 4-30 LOCATIONS OF POST.REMEDIAL ACTION MEASUREMENTS
oN THE FLOOR (FIFTH FLOOR)
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At- I Al-2 A2-2

Ar-3 A2-3

At-4 At-5 A2-s

B t-3 B2-3

Bt-4 Bt-5 B2-5

ct-3 c2-3

ct-4 ct-5 c2-5

Dr-3 D2-3

Dt-4 Dt-5 t)2-5

t-
lm

1_

FLOOR UNDER ASBESTOS TENT

l{0TE: SEE FIGURE 4-J0, SECTI'N A

FIGURE 4.31 LOCATIONS OF POST-REMEDIAL ACTION MEASUREMENTS
IN THE FIFTH-FLOOR ATTIC, SECTION A

:1 C3t19836.DO{

62



BAI-I BAI-2 BA2-2

BA2-5

BB2 BB2
BB3-5

NOTE: SEE FIGURE 4.30, SECTION B

lnr
8A2.3

o

BAI-5

BBI.3
o

BB2-5
o

H

o o o - E

FIGURE 4-32 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS IN THE FIFTH.FLOOR ATTIC,
SECTION B
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-

FIGURE 4-33 LOCATIONS OF POST-REMEDIAL ACTION
MEASUREMENTS IN THE FIFTH-FLOOR
ATTIC, SECTION C
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NOTE: SEE FIGURE 1-30, SECTION C



I

TABLE 4-1

DIRECT POST-REMEDIAL ACTION T.{EASUREMENTS

IN THE AREAS AROI'ND DUCT IO

P a q e  I  o f  2

Loca t  i on
A lpha  Ac t i v i t y
(dp to / I00  cnZ  )

Be ta -Gamna  Ac t i v i t y
(n rad /h )

FA I - IA
FAI -2
FAI-  3
FAL-4
FA l -5
FAz-2
FAz-3
FA2-5
FB I_  3
FB I -4
FBI_  5
FB2_3
FB2-  5

oA t - rb
OAI-  2
OAI- 3
oAl-4
oA t -5
oA2-3
OBI -3
OBI -4
OBI -5
oB2-  3
ocr.- 3
ocr-4
ocl-5
ocz-3
ocz- 5
ODI-3
oD2-3
oD3-3

$tA-1c
wA-2
wA-3
YIA-4
rfA-5
wB-3
wB- 4
YIB- 5
tilc-3
wc-4
wc-5
wD-3

<29
<29
<29
<4 I
<65

62
<41

52
<41
<66
<4r

5Z
<66

<29
62

<4 r
<29

43
<1
62
43

L27
<41

89
<54

34
80
89
34
62
62

<15
<54
<r5
<54
<r5

34
<r5
<r5
<4r

34
34

<41

156

+53

t53

+ 5 6

+ 5 0

+65

46
62
65
45
55
56

+ 4 6

<0.0 r
<0 .0 r
<0 .01
<0 .  o r
<0 .0 r
<0 .01
<0 .01
<0 .  o r
<0 .0 r
<0 .  o l
<0 .01
<0 .01
<0 .0 r

<0 .0 r
0 .03
o .02

<0 .0 r
o .02
o .02
0 .03

<0 .  o I
0 .03
0 .03
0 .  04

<0 .  o r
o.oz
0 .03
0 .02
0 .02
o .02
0 .0 r

0.0r
0 .  or

0 .0r
o .  o1
0.0r

+  0 .01
+  0 .0 I
+  0 .02

+0 .01
+  0 .0 I
+  0 .0 I
+  0 .0 I
+  0 .O I
+  O .O I

<o.o2
0 .0 I  +  0 .01
0 .01  a  o .01
0 .O2  g  0 .o I

<0 .02
0 .01  g  0 .01
O.O2  +  0 .0 I

<0 .02
O.OZ  +  0 .  O l
0 .0 I  +  0 .01

<0 .  o2
<0 .01

!
!.

+
+
+r56

+50
!74

+
+
+
+
+
!

+
+

45
46

65



TABLE 4_1
(  con t  i nued  )

Paqe  2  o f  2

Locat  ion
A lpha  Ac t i v i t y
(dpn/ roo cmz)

Beta -Ganma Ac t i v i t y
(n rad /h )

DN-Id
DN-2
DN-3
DN-4
DN-5
DE-1
DE-2
DE- 3
DE- 4
DE- 5
DS-  I
DS-2
DS-  3
DS-4
DS-  s
DP- I

89
<66
<54

62
34
43

< I5
34

<54
<66

34
34

<54
34
52
43

+65

+ 4 6

0 .0 I
0 .03
0 .  o3
0 .03

<0 .  01
<0 .02

0 .03
o.o2
0 .03
o.o2
o.02
o.o2
o.oz
o.02
o.02

<0 .02

0.0r
0 .  o1
o.02
0.0r

o .0r
0 .0r
0 .01
0.0r
0 .  or
0 .0r
0 .0r

0 .0r
0 .  or

+56
+46
+50

46
53
50

+
L

t
+
+

46
45

+
+
!
!

+
+
+
!
!
+
+
+
+

a loca t i on  des igna to r s  beg inn ing  w i t h  i F r  a re  shown  i n
F igu re  4 -2 .

b l oca t i on  des igna to r s  beg inn ing  w i t h  i o r  a re  shown
F igu re  4 -4 .

c l oca t i on  des igna to r s  beg inn ing  w i t h  'W '  a re  shown
F  i gu re  4 -5 .

d l oca t i on  dee igna to r s  beg inn ing  w i t h  'D '  a re  shown
F igu re  4 -3 .

i n

1n

tn

6 6



TABLE 4_2

TRANSFERABLE POST-REMEDIAL ACTION

IN THE AREAS AROUND DUCT

UEASUREMENTS

IO

Loca t  i on
A lpha  Ac t i v i t y
(dpn /100  cnz )

FAz-  2a
FAz-5
FB2-3

oAr- 2b
OAI-5
OBI -3
OBI -4
oBl_-s
ocr-  3
ocI-5
ocz-3
ocz-5
ODI -3
oDz- 3
oD3-  3

wB- 3c
wc- 4
wc-5

DN- ld
DN-4
DN- 5
DE- 1
DE-3
DS- I
DS-  2
DS-4
DS-5
DP- I

<2
<2
<2

3+7
3+7

<z
<2
<2
<2
<2

3+7
<2

<2
3+7

<2

<2
3+ ' I

<2

<2
<z
<2
<2
<2

3+7
<2
<2
<2
<2

a loca t ion  des igna to rs  beg inn ing  w i th  'F "  a re  showu in
F igure  4 -2 .

b loca t i on  des igna to rs  beg inn ing  w i th  "o '  a re  shown
F igu re  4 -4 .

c loca t i on  des igna to rs  beg inn ing  w i th  ' l i l '  a re  shown
F igu re  4 -5 .

d l oca t i on  des igna to r s  beg inn ing  w i t h  'D '  a re  shown
F  i gu re  4 -3 .

1n

1n

1n

6 7



TABLE 4-3

DIRECT POST-RET.{EDIAL ACTION MEASUREMENTS

IN THE AREAS AROI'ND DUCT 26

Paqe  I  o f  2

Locat  ion
A1pha  Ac t i v i t y
(dpm/ I0O  cm2)

Be ta -Gamna  Ac t i v i t y
(n rad /h )

FAI- IA
FAI-  2
FA l -3
FAI -4
FAI -5
FAz_ 5
FB I -3
FB I -  4
FB I_5
FB2-  3
FC I_3
FCI -4
FCI -5
FC2-3

oA l -  rb
OAI-  2
OAI-  3
OAI_4
OAI -5
oA2-2
oA2-  5
oA3 -2
oA3-3
oA3-5
OBI -3
OBI -  4
OBI -  5
oB2 -5
oB3-3
oB3-5
oc l -3
ocr-4
ocI -5
ocz-5
oc3-3
oc3-5
ODI -3
oD3-3

34
7L
62
7L
62
24
7L
43
62
43
43
62
7L
34

<24
15
I5
<5

<24
<24

<6
<6
I5

<24
<24
<24

<6
I5
24

<24
<6
15
15
24
62

<24
<6
24

37
52
419
52
49
32
52
4 I
49
41
4 I
49
52
37

26
26

+ 2 6

26
32

26
26
32
119

+32

+
+
!
+
!
!
+
+
+
L
L
+
+
+

+
t

<0.  02
<0 .02
<0 .0 r
<0 .0 r
<0 .  01
<0 .0 r
<0 .  o r
<0 .0 r
<o .o2
<0 .  o r
<0 .  o r

0 .04  +  0 .02
<0 .02
<0 .01

<0 .0 r
<0 .  o I
<0 .02
<0 .0 r
<0 .o2
<0 .  o1
<0 .02
<0 .  o t
<0 .01
<0 .01
<0 .  02
<0 .02

0 .01  +  0 .0 I
<0 .  o2

0 .01  +  0 .0 I
<0 .02

O . O I  g  0 . O I
<0 .  o I

0 .02  +  0 .O I
<0 .  02

0 .0 I  +  0 .01
<0 .01
<0 .  02
<0 .  02

+
g

t
+
+
+

6 8



TABLE 4-3
(  con t  i nued  )

Page 2 of  2

Loca t  i on
A lpha  Ac t i v i t y
(d im/roo cmz) '

Beta -Gamna  Ac t i v i t y
(n rad /h )

W A I - I C
wAl -2
wAt-3
WAI-4
WAI-5
wAz-2
YfAz- 3
wAz- 5
WBI-  3
wBl -4
WBI_5
wB2-  3
wB2-  5
wcI -  3
wc I -4
wcr-5
wc2-3
wcz- 5
wDl- 3
wDz-  3

DS-  Id
DS-2
DS-  3
DS-4
DS-5
DS-6
DE- 1
DE-2
DE.3
DE-4
DE-5
DE-6

15
34
34
43
24

<24
I5
43
62
52
43

<24
24
34
24
24
43

<24
15
43

I5
24
34
89
34
24
34
34
34

<24
15
15

26
37
37
4 I
32

26
4 I
49
45
41

32
37
32
32
41

26
41

26
32
37
58
37
3Z
37
37
37

26
26

+
+
+
+
+

+
+
+
+
+

3
+
+
+
+

0 .01  +  0 .0 I
0 .03  t  0 .0 I
0 .03  t  0 .0 I
O .OZ  +  0 .0 I
O .OZ  s  0 .01
0 .02  +  0 .01
O.O2  +  0 .0 I
O .0 t  +  0 .01
0 .02  +  0 .0 I
O .OZ  +  0 .01
0 .0 I  +  0 .0 I
0 .0 I  +  0 .0 I

<o .02
0 .0 I  r  O .0 I
0 .03  +  0 .01

<0 .02
O.OZ  +  O .0 I
O .OZ  +  0 .01
0 .0 I  +  0 .0 I

<0 .02

O.OZ  +  0 .01
O.O2  +  0 .0 I
0 .03  +  0 .O l
0 .03  +  0 .01
0 .01  +  0 .0 I
0 .03  +  0 .02
O.OZ  a  0 .0 I
O .O2  +  0 .  O l
O .OZ  +  0 .0 I
0 .02  a  0 .0 I
0 .03  +  O .OZ
O.O2  +  0 .  O l

L
+

+
L
+
t
+
!
+
+
+

+
+

a loca t i on  des igna to r s  beg inn ing  w i t n  ' F "  a re  6hown  i n
F igu re  4 -7 .

b loca t i on  des igna to rs  beg inn ing  w i th  "o "  a re  6hown
F igu re  4 -8 .

c loca t i on  des igna to r6  beg inn ing  w i th  'w ,  a re  shown
F igu re  4 - I 0 .

d l oca t i on  des igna to r s  beg inn ing  w i t h  "D ,  a re  6honn
F igu re  4 -9 .

i n

I N
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TABLE 4_4

TRANSFERABLE POST-REIJIEDIAI. ACTION

IN THE AREAS AROUND DUCT

TI{EASUREMENTS

2 6

Loca t  i on
A lpha  Ac t i v i t y
( clPto/ I00 cnz )

wAl-34
YfAl-4
wA2-5
WAI-2
t{81- 3
t{Br-4
YIBI-5
t{cr- 3
wc2-3
wDz- 3

DE- Ib
DE- 2
DE- 3
DS-  3
DS-4
DS-  5

< I
3

<1
< I
< I
< I
<1
< I

3
< I

+ 6

+ 6

3+6
<1
<1
<L
< I
< I

a l oca t i on  des igna to r s  beg inn ing  w i t h  nwr  a re  shown  i n
F igu re  4 -10 .

bLoca t i on  des igna to r s  beg inn ing  w i t h  "D '  a re  6hown  i n
F igu re  4 -9 .
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TABLE 4-5

DIRECT POST-REMEDIAL ACTION MEASUREMENTS IN THE

AREAS AROUND DUCT 29

Loca t  i on
A lpha  Ac t i v i tY
(cl i rn/ loo cn2 ) (n rac l /h )

Beta-Gamma Act iv i tY

FAI - IA
FAI-  2
FAI -3
FAI -4
FAI -5
FAz-2
FA2_3
FAz-  5
FB I -3
FB I -4
FB I -5
FB2-3
FB2-5
FCI -  3
FC I -4
FCI -5
FC2-3
FC2-5
FDI_3
FDI -4
FDI -5
PD2-3

oAr - l b
oAI- 2
OAI -3
OAI-4
OAI- 5
o \2 -2
oA2-3
oA2-5
OBI -3
oBr- t l
OBI -5
oB2 -3
oB2-5
ocr-3
ocr-4
ocr-5
oc2-3
ocz-5

<22
2L+

<22
<3' l

2L+
<37
<22
<3 ' l

<6
<3 ' l
<22
<22

<6
<37

<5
<22

<6
<5

<22
<22
<37
<22

<6
<22
<22
<22

<6
<6
<5

<22
<37
<22
<22

<6
<22

<5
<6

<22
<22

<6

0 .02
0 .02
0 .  o2
o.  o8
o.0r
0 .0r
0 .03
0 .04
0 .03
0 .03
0 .07
0.0r
0 .03
o.o2
o .02
o .02

<0 .0 r
<0 .01
<0 .0 I
<0 .  o1
<0 .0 r
<0 .0 r

<0 .0 r
<0 .0 I
<0 .  o1
<0 .  o1
<0 .0 r
<0 .01
<0 .01
<0 .  01
<0 .  o1
<0 .0 r
<0 .0 r
<0 .  o l
<0 .  o r
<0 .  o r
<o .o2
<0 .  o r
<0 .  02

0 .01

0.0r
0 .  or
0 .  or
o .o2
0 .01
0.  or
o.02
o .02
o .o2
0 .02
o.oz
0.0r
0 .  o2
0.  or
0 .  or
0 .0r

32

32

t
l.
+
+
!
+
+
+
+
!
+
+
+
+
+
J

7L

+  0 .0 I
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TABLE 4-5
(  cont  inued )

P a o e  2  o f  2

Loca t  i on
A Ipha  Ac t i v i t y
(dpm/100  cnZ )

Be ta -Gamna  Ac t i v i tY
(n rad /h )

DS-1C
DS-2
DS-3
DS-4
DS-5
DS-6
DS-7
DN- I
DN- 2
DN-3
DN-4
DN-5
DN- 6
DN-7
DA-1
DA- 2
DA- 3
DA-4
DA- 5
DB- 3
DB-4
DB-5
DC- 3
DC-4
DC-5
DD-3

30
2L

<37
<22
<37

39
30
39
2L

<37
<22

39
30

<37
<37
<zz
<22
<22

2L
58
48
30

<3 ' I
<22
<22

48

37
32

4 I
37
41
32

41
37

32
49
45
37

+ 4 5

+
+

+
+
+
+

+
+

O.OZ +  0 .0 I
O .O2  +  0 .  O I
0 .03  g  0 .02
0 .03  +  0 .02

<0 .02
0 .03  +  0 .02
O.OZ  +  0 .  O I
O .OZ  +  0 .01
O.OZ  t  0 .0 I
O .OZ  +  O .O2
0 .01  +  0 .0L
O.O2  +  O .O2
0 .03  +  0 .02
0 .03  +  0 .02
0 .03  I  0 .02
O.O2  +  0 .02
O.OZ  +  0 .0 I
O .OZ  +  0 .0 I
O .OZ  a  0 .  o I
0 .02  +  0 .0 I
O .OZ  +  0 .0 I
0 .03  +  O .OZ
O.O2  +  0 .  O I
O .OZ  +  O .  O I
0 .03  +  0 .02

<0 .02

+
t
+
+

a loca t i on  des igna to r s  beg inn i . ng  w i t h  ' F *  a re  6hown  i n
F igu re  4 -L2 .

b loca t i on  des igna to rs  beg inn ing  r r i t h  "o 'n  a re  6hown  in
F igu re  4 -14 .

c l oca t i on  des igna to r s  beg inn ing  w i t h  'D "  a re  shown  i n
F igu re  4 -13 .
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TRANSFERABLE

IN

TABLE II-6

POST-REMEDIAL ACTION

THE AREAS AROUND DUCT

UEASUREMENTS

29

Loca t  ion
Alpha  Ac t i v i t y
(dpn /1O0  cnz )

DS-TA
DS-2
DS-6
DS-7
DN-1
DN-2
DN-5
DN- 6
DA-5
DB-3
DB-4
DB-5
DD-3

+ 6

+ 6

< I
< l
<1
<1
<1

3
<1
< I
< I
< I
<1
<1

3

a loca t i on  des igna to r s  beg inn ing  w i t h  'D '  a re  shown  i n
F igu re  4 - I 3 .
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TABLE 4_7

DIRECT POST-REMEDIAI ACTION UEASUREMENTS

IN THE AREAS AROUND DUCT 64

Loeat  ion
Alpha  Ac t i v i tY
( al iro/ IOo cro2 ) (n rac l / h )

Beta-Gamna Act iv i tY

F IA I - IA
F IA l -2
F IA2 .2
F tA3-2
F IA4-2
F IA I -3
F IA2 -3
F IA3_3
F IA4 -3
F IA I -4
F IA l -5
F IA2 -5
F IA3-5
F IA4 -5
F lB I -3
F1B2-  3
F IB3_3
F IB4 -3
F  IB  I -4
F IB l -5
F1B2-5
F IB3 -5
F IB4 -5

CIA I - Ib
C IA I -2
C IA I -3
c lA r -4
c rA l -5
crA2-3
crA2-4
c lA2-5
crA3-3
crA3-4
c1A3-5
CIBI -3
CIBI -4
cL8r -5
c rB2-3
c rB2-5
c tB3-3
c1B3-5

<37
<22
<5r
<22
<37
<37
<37
<37
<22
<37
<51

48
57

<22
28

<22
28
28

<22
<22
<37

<6
<22

<2L
<5

<2L
<35
<2L
<35

<6
<2L
<2L
<2L

<6
<35

<6
<2L
<35
<35

<6
<6

l . 49
+52

+40

<0 .0 I
<0 .01
<0 .0 r
<0 .01
<0 .0 I
<0 .0 r
<0 .0 I
<0 .  o1
<0.  or
<0 .01
<0.  or
<0.0r
<0.  or
<0.01
<0 .01
<0 .0 r
<0 .0 r
<0 .  o1
<0 .0 r
<o .o r
<0 .  01

0 .01  +  0 .01
<0 .01

<0 .0 r
<0 .01
<0 .  o r
<0 .  o r
<0 .0 r
<0 .0 r
<0 .  o r
<0 .  01
<0 .01
<0 .01
<0 .  o r
<0 .  o1 ,
<0 .  o r
<0 .  o r
<0 .  o r
<0 .0 r
<0 .0 I
<0 .  o I

+
+

40
40
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il TABLE 4-7
(  con t  i nued  )

Paqe  2  o f  8

Loca t  i on
A lpha  Ac t i v i t y
(dpm/ I00  cmz )

Beta-Ganroa Act  iv i ty
(n rad /h )

DlN-  1c
DIN-2
DIN-3
DIN-4
DIN-5
DIN-6
DIN-7
DIN-8
DIN-  9
D lN- IO
D lN-  I I
D lN-  I2
D IN-  13

DIE-  IC
DIE-  2
D IE_  3
DLE-4
D IE -  5
D IE_6
DIE -7

WIA I -  1C
WIA I -  2
t {141-  3
WIA I -4
WIA I -  5
w1A2-  2
wrA2-3
w1A2-  5
I { IB I -  3
I { IBI -4
TI IBI -  5
w IB2 -3
v f  lB2 -5
wrB2-{
T{ICI-3
wrc l -4
wrc l -5
wrc2-3
nIc2-5

2T
<37

40
<23

96
49
58
77

106
77

2L
<37
<37

2L
49
2L
30

2 t
<23

49
30
2L
2L
40
58

<37
58
40
77
49

<37
49
87
49
58
77

1 '33

+42

t

t

t

<0 .01
<0 .  o I
<0 .0 r
<0 .  01
<0 .0 r
<0 .0 r
<0 .  01

0 .01  +  0 .01
<0 .0 r
<o .o2
<0 .  o1

0 .02  r  0 .O I
O .O2  +  0 .02

<0 .01
<0 .0 I
<0 .0 r
<0 .  o I
<0 .0 r
<0 .0 r
<0 .  o1

0 .03  +  0 .01
0 .03  +  O .O2
O.OZ  +  0 .0 I
0 .03  +  0 .0 I
O .OZ  +  0 .0 I
O .OZ  +  0 .01
O.OZ  +  0 .01
O.O2  +  0 .01
0 .02  +  0 .0 I
O .01  +  0 .O I
O .  03  +  O .O2
O.O2  +  0 .0 I
O .02  +  0 .0 I
0 .02  +  0 .O I
0 .03  g  0 .0 I
O .OZ  +  0 .  O1 ,
O .OZ  +  0 .  O I
o .oZ  s  0 .01
O.OZ  +  0 .  O I

L
+
a
+

t
+

t

+
+
+
+

+

3
+
+
+
+
+

+
!.
+
!

+
!
L
L
+

62
46
49
55
64
55

33

33
45
33
38

33

45
38
33
33
42
49

49
42
56
46

46
59
46
49
55

t  A lpha  read ing  cou ld  no t  be  ob ta i ned  because  o f  r ough  su r f ace .
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TABLE 4_?
(  con t  i nued  )

Pase  3  o f  I

Loca t  ion
A lpha  Ac t i v i t y
(dpm/ I00  cnZ )

Be ta -Gamna  Ac t i v i t y
(n rad /h )

FI  IA-  IC
FI  IA-  2
FI  lA-  3
F I  IA -4
F I  IA -5
F I  IB -  3
F I  IB -4
F I IB -5
F r  lC -  3
F I  IC -4
F I  IC -  5

F2A I - I d
FzA I -  2
F2A2-2
E2A3-2
?2A4-2
F2AI -  3
F2A2-3
F2A3  -  3
F2A4-  3
F2A1-4
F2A l -  5
F2A2-5
F2A3  -  s
F2A4-  5
FzB  I_  3
F2B2-3
F2B3  -  3
F2B4  -  3
F281 -4
F281 -5
F2BZ-5
FzB3-5
F2B4-5

c2A1-1e
czAL-2
c2A2-2

77
40
58
30
2L
2L
30

<37
49

<23
<37

<5
<22
<22

<5
<6
<6
<6
<6
<6

<22
<6
<5
<5
<6
<6
<6
<6
<5

<22
<22

<6
<6
<6

<5
<22

<6

56
42
49
38
33
33
38

+ 4 6

+
+
+
+
t.
!
+

<0 .01
<0.  o r
<0 .0 r
<0 .0 r
<0 .0 r
<0 .0 r
< 0 .  0 1
<0.0 r
<0 .  o l
<0 .  o1
<0 .01

<0 .0 r
<0 .  o r
<0 .  o1
<0 .  o r
<0 .01
<0 .0 r
<0 .01
<0 .01
<0 .0 r
<0 .  01
<0 .0 r
<0 .0 r
<0 .  o r
<0 .0 r
<0 .  o r
<0 .  o r
<0 .  o r
<0 .0 I
<0 .0 r
<0 .0 r
<0 .01
<0 .  o l
<0 .  o r

<0 .01
<0 .  01
<0 .  o1

|,
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TABLE 4-7

(  con t  i nued  )

Loca t  i on
A lpha  Ac t i v i tY
(d in/ roo cnz) ( n rad /h )

Be ta -Ganma Ac t i v i t y

c2A3-2e
c2Ar -3
c2A2-3
c2A3-3
c2Ar -4
c2A1-5
c2A2-5
c2A3-5
c2Ar -  3
c2B2-3
c283-3
c28r -4
c28 I -5
c2B2-5

D2E-  I f
D2E_2
D2E-  3
D2E-  4
D2E-  5
D2E_ 6
D2E-7
D2N-T
D2N-  2
D2N-  3
D2N_4
D2N-  5
DzN-6
D2N-7

wzA-r f
wzl-2
wzA-3
w2A-4
w2A-5
ts28- 3
vf 28-4
w2B-5
Yf  2C-3
w2c-4

<0 .0 r
<0 .  01
<0 .0 I
<0.  or
<0.  or
<0.01
<0 .0 r
<0 .  o r
<0 .01
<0 .  01
<0 .01 ,
<0 .  o r
<0 .  o r
<0 .0 r

<0 .01
<0 .0 r
<0 .0 r
<0 .  o l ,
<0 .0 r
<0 .01
<0 .01
<0 .01
<0 .  o1
<0 .0 r
<0 .01
<o.oz
<0 .0 r
<0 .02

0 .0 I  g  0 -0 I
0 .01  g  0 -0 I
0 .OZ  +  O-0 I
O .O2  +  0 -O I
O .OZ  +  0 -01
0 .02  g  0 -O I
O .O2  I  0 .0 I
O .O2  +  0 -01
0 .02  g  0 -o I
O .OZ  +  O .  O I

<6
<36
<36

<6
<22

<6
<22
<22

<6
<6
<6

<36
<22

<5

26
<35
<21

35
<35
<2L
<35
<2L
<35
<2L
<35
<2L
<48
<2L

<48
<35
<48

26
35

<48
<48

26
35

<2L

+ 3 7

+ 4 1

t 3 7
+ 4 I

+ 3 7
+ 4 I
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TABLE 4-7
(  con t  i nued  )

Paoe  5  o f  I

Loca t  i on
A lpha  Ac t i v i t y
(dP tu / I00  cnz  )

Be ta -Ganma Ac t i v i t y
(n rad /h )

w2c-  5 f
w2D-  3
w2A2-3
w2A2-5
w2B2-3
w2B2-5
wzcz-3
wze2-5
w2D2-3

F I 2 F - I f
ETzP_2
F'I  2F- 3
F I 2 F - 4
F I 2 F ' - 5

O 2 A I -  I g
o2Ar-  2
o2AI -3
o2Ar -4
o2AI -  5
o2B r -  3
02BI -4
o2BI -  5
ozcr-  3
o2c2-3
o2A2-2
o2A3-2
o2A3-3
o2A2-5
o2A3-5
o2B3-3
o2B2-s
o2B3-5
ozc3-3

<35
35

<35
25

<48
26
53
26
44

35
26
53

<48
z6

<22
<22

<6
<22

<5
<22

<5
<5
<5

<22
<22
<22'<5

<5
<22

<5
L7

<36
<6

+ 4 I

+ 3 7

37
49
37
45

41
37
49

+ 3 7

+33

+
+
+
+

+
+
+

0 .0 I  t
0 .02  +
0 .0 I  +
0 .02  +
0 .01  +

<0 .02
<0 .  02
<o.o2
<0 .  02

0 .01
0.0r
0 .01
0 .01
0 .01

O . O 2  +  O .  O I
O . O Z  +  0 . 0 I
o . O Z  t  0 . 0 I
0 . 0 2  t  0 . 0 I
O . O Z  +  0 .  O I

<0.  or
<0.  or
<0.01
<0 .  o1
<0 .  o r
<0 .0 r
<0 .0 r
<0 .0 r
<0 .0 r
<0 .01
<0 .0 r
<0 .0 r
<0 .  o r
<0 .0 r
<0 .  o r
<0 .01
<0 .  o r
<0 .  o r
<0 .  o I
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TABLE 4-7

(  cont  inued )

P a o e  6  o f  8

Loca t  i on
A Ipha  Ac t i v i t y
(dPn /100  cnz )

Be ta -Ganna  Ac t i v i tY
(n rac l / h )

F3A I -1h
F3A I .2
F3AI -3
F3A1-4
F3A I -5
F3A2-2
F3A2-3
F3A2-5
F3A3-2
F3A3  -  3
F  3A3 -5
F3A4-  2
F3A4-3
F3A4-5
F  3B t -3
F38 I -4
F3B I_5
F3B2-  3
F3B2-  5
F3B3  -  3
F3B3-  5
F  3B4 -3
F3B4  -  5

C3AI -  1  I
c3Ar -  2
c3A1-3
c3AI -4
c3A1-5
c3A2-2
c3A2-3
c3A2-5
c3A3-2
c3A3-3
c3A3-5
c3BI -3
c3BI -4
c3BI -5
c3B2-3
c3B2-5
c383 -  3
c3B3-s

28
I9
28

<22
<6
19
38
38

<36
I9
28
<6

<36
<6

<36
28
28

<22
38
28
<6
19

<22

<35
<36
<36

28
28
I9

<22
<36

47
I9
<5
38

<36
38
28

<22
19

<36

38
33
38

!
t.
t

<0 .01
<0 .0 r
<0 .  o r
<0 .01
<0 .  o r
<0 .01
<o .o r
<0 .  o r
<0 .0 r
<0 .01 ,
<0 .  o r
<0 .01
<0 .01
<0 .01
<0 .0 r
<0 .  o l
<0 .0 r
<0 .0 r
<0 .  o r
<0 .0 r
<0 .0 r
<0 .  o1
<0 .  o r

<0 .  o r
<0 .0 r
<0 .0 r
<0"01
<0.0 r
<0 .0 r
<0 .  o t
<0 .  o r
<0 .0 r
<0 .0 r
<0 .0 r
<0 .0 r
<0 .  o I
<0 .0 r
<0 .0 r
<0 .  o1
<0 .  o r
<0 .  01

s33
+42
+42

+  33
+38

+
+

!
+

38
38

42
38

+  33

38
38
33

46
33

42

42
38

t33

!
+
+

L
+

+

t
+
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TABLE 4-7

(  con t i nued  )

P a o e  7  o f  I

Locat  ion
A lpha  Ac t i v i t y
(  dPt t /  I00 cmz )

Be ta -Gamma Ac t i v i tY
(n rad /h )

w3A-1 j
w3A-2
w3A-3
w3A-4
w3A-  5
w3B-  3
Yf 38- 4
w3B- 5
w3c-3
w3c-4
w3c-  5
w3D- 3

D3E-  1J
D3E-  2
D3E-  3
D3E-4
D3E-  5
D3E-  6
D3E-7
D3W-  I
D3W-  2
D3W-  3
D3W-  4
D3W-5
D3W- 6
D3W-7
D3N-  1
D3N-  2
D3N-  3
D3N-4
D3N-5
D3N-6
D3N-7

i
F I 3 F -  I J

102
<L7

64
45

<56
36

<30
55
45
55

<43
83

<43
64

<55
<30

45
<55

36
55

<56
55
45

<43
<43
<56
<55

25
64
73
64
36
36

<43

+ 6 8

+47

!62

+57

+50

47
54

+57
+50

1 .54
+50
+54

<0 .01
<0.  or
<0.0r
<0 .01

0 .0 I  +  0 .02
<0 .0 r
<0 .  o2
<0 .02
<0.  o r
<0 .0 r
<0 .0 r
<o .o2

<0 .01
<0 .01
<0 .01
<0 .0 r
<0 .01
<0 .0 r
<0 .0 r

0 .  O I  +  O .O2
<0 .02

0 .0 I  +  O .O2
0 .01  +  O .O2

<0 .  o2
<0 .02
<0 .02
<0 .02

O.0 I  +  0 .02
0 .01  t  0 .02

<0 .02
<0 .02
<0 .02
<0 .0L

<0 .  01

54
50

+
+

+
+

i
+
+
t
!
+

43
57
60
57
47
47
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TABLE 4-7

(  con t  i nued  )

P a c e  8  o f  8

Loca t  i on
A lpha  Ac t i v i t y
(  t tpm/ 100 cnz )

Be ta -Ganma Ac t i v i tY
(n rad /h )

o3A1- rk
03Ar -  2
o3A1-  3
o3Ar -4
o3Ar-5
o3A2-2
o3A2-  5
o3A3-  2
o3A3 -  3
o3A3 -  5
03Br -  3
03Br -  4
03BI -  5
0382-  5
o3B3 -  3
o3B3 -  5
03cr -  3
03c2-  3
03c3-3

28
<6
38
19
<6
28
19
38
28
28
47

<35
<36
<36
<22

28
28

<36
57

!
!.

+
!.
+
!
+
+

+ 3 8

38
33
4Z
38
38
45

38
38

+ 5 0

<0.  or
<0 .01
<0 .0 r
<0 .01
<0 .0 t
<0 .0 r
<0.  o r
<0 .0 r
<0 .0 r
<0 .  o r
<0 .0 r
<0 .0 r
<0 .0 r
<0 .  o r
<0 .01
<0 .0 r
<0 .  o r
<0 .0 r
<0 .  o1

42
33

+
+

a loca t i on  des igna to r s
F igu re  4 - I 6 .

b l oca t i on  des igna to r s
F igu re  4 -L7 .

c l oca t i on  des igna to r s
shown  i n  F igu re  4 -18 .

d l oca t i on  des igna to r s
F igu re  4 -2O .

e loca t i on  des igna to r s
F igu re  4 -2L .

f t oca t i on  des igna to r s
shown  i n  F igu re  4 -22 .

9 l oca t i on  des igna to r6
.  F i gu re  4 -23 .
o l oca t i on  des igna to r s
.F igu re  4 -25 .
l l oca t i on  des igna to r s
.F igu re  4 -26 .
J l . oca t i on  des igna to r s

shown  i n  F igu re  4 -27 .
k l oca t i on  des igna to r s

F igu re  4 -28 .

beg inn ing  w i t h  "F I '  a re  shown  i n

beg inn ing  w i t h  " c I "  a re  shown  i n

beg inn ing  w i t h  "D I ,  '  ' nF I  I ,  "  and  "w I "  a re

beg inn ing  w i t h  "F2 "  a re  shown  i n

beg inn ing  w i t h  ' c2 "  a re  shown  i n

beg inn ing  w i th  ' "E Iz , "  "D2 , "  anc l  'W2"  a re

are  shown in

are  shown in

are  shown in

beg inn ing  w i th

beg inn ing  w i t h

beg inn ing  w i th

beg inn ing  w i th

beg inn ing  w i th

"F I3 , ,  
'D3 , "  and  "Y f3 "  a re

'O3 '  a re  Ehown in

'o?n

'F3 '

nc3 "

8 I



TRANSFERABLE

IN

TABLE 4-8
POST-REMEDIAT ACTION

THE AREAS AROUND DUCT

MEASUREMENTS

64

Locat  ion A lpha Ac t iv f ty
(dpro /100 cnZ) '

FIA2-2A
FIA I -5
F IA2-5
F1A3-s
F IB l -3
F lB3  -  3
F1B4-3

WIA I -1b
w lA I -3
wIAr-4
wIAl -s
wLAz- 2
wlA2-  3
T{IA2- 5
WIB I -4
WIB I -5
w IB2 -  3
t f  IB2-  5
w tc l -  3
wrc l -4
wlc I -  5
wrc2-3
wrc2-5

DlN-1b
D lN-3
D lN-8
DIN-9
DTN-10
DIN-11
D lN-12
DIN-13
DIE- I
D18 .4
D lE-5
DIE .6
DlE-7

< I
< I
<1

3+
<1
3a

< I

+ 6
+ 6

+ 5

< I
< I
<1
<1

3
< I
<1
< I
<1

3
3

< I
3

< l
< I
<1

< I
< l
<1
< I
<1

3
< I
<1
< I

3
<1
< l
< I

+5

t6

g 6

8Z



TABLE 4-8

(  cont  inued )

Loca t  i on
A lpha  Ac t i v i tY
(c lPn/100 cmz )

il FI  IA-  Ib
FI  IA-  2
F I  IA -3
F I IA -4
F I  IA -5
F I IB -3
P I IB -4
F I IC -3

D2E- IC
D2E-4

wzA- 4c
t{24- 5
Yf  28-5
w2c-3
l {2D- 3
Yf  2A2-5
t f  282-  5
w2c2-3
w2c2-5
w2D2-3

F I2F lC
F I2F3

P3A3-5d
F3A2-5
F3A2-  3
F3A1-3
F3A1-- I
F3B3 -3
F382 -5
F38 I -5
F38 I , 4

c3Ar-4e
c3A1-5
c3A3-2
c3Br-3
c3Br-5
c3B2-3
c3B3 -  3

< I
< I
< I

3+6
< I
< I
< I
<r '

6+9
< I

< I
< I

5 t9
6+9

< I
5 t9

< I
< I
< I
< I

3+
< I

3 t
< I
<1

3+
< l

3+
< I

< I
< I

< I
< I
<1
<1
< I
< I
< I

83



I
TABLE 4-8

(  cont  inuecl  )

A lpha  Ac t i v i tY
(c lpn/ l '00 croz)

Loca t  i on

w3A- t  f
Yf 3A- 3
r f  3A-4
w3B-3
w3B-5
w3c -3
w3c-4
w3D- 3

D3E-  2 f
D3E_5
D3E-7
D3t{- I
D3W-3
D3W-  4
D3N-  2
D3N-  3
D3N-4
D3N-  5
D3N_6
D3N-7

03AI - Ig
o3A1-  3
o3A2-2
o3A3-2
o3A3  -  3
03A3-5
o3B I -  3
03B3  -  5
03c r -3
03c3 -3

< I
< I
< I
< I
<L

3 t ' 6
< I
< I

< I
<T

3+6
5+9

<1
3+6
6+9

< I
<T
< I
< I

3+6

<L
< l
< I
<1
< l
< I
< I
< I
< I

3+

a loca t i on  deE igna to r s
F igu re  4 -16 .

b l oca t i on  des igna to r s
ehown  in  F igu re  4 -18 '

c l oca t i on  des igna to r s
shown  i n  F igu re  4 -22 '

d l oca t i on  des igna to rE
F igu re  4 -25 -

e loca t i on  des igna to r s
F igu re  4 -26 -

f l oca t i on  des igna to r s
shown  in  F igu re  4 -27  '

g l oca t i on  des igna to r s
F igu re  4 -28

beg inn ing  w i th  'F r "

beg inn ing  w i t h  'w l , '

beg inn ing  w i th  'D2 , '

beg inn ing  w i t h  "F3 "

beg inn ing  w i t h  ' c3 "

beg inn ing  w i tn  'w3"

beg inn ing  w i t h  "03 "

84

are  shown in

'D I , "  anc l  'F I '  a re

' ld2 , t  anc l  'F Iz "  a re

are ehown in

are shown in

anc l  "D3"  a re

are  shown in



TABLE 4_9

DIRECT POST-REI{EDIAL ACTION I{EASUREI{EUTS OF THE CHI}IUEYS*

Chirney Air Vent
Uumber Xumber

Distance
to Top of
Chinney (ru)

Orientation Alpha
of Area . Activity

lleasured (dprn/lOO crn2)

Beta-Gamma
Aetivity
(nred/h)

2
2
2
2
2
2
2
2
2
2
2
2

1
1
1
1
1
1
1
1
1
1
1
I

8
8
8
I
8
I
I
8
8
8
8
8

6
5
6
6
6
6
6
6
6
5
6
6

1
1
1
1
1
1
1
1
1
1
1
1

o
o
0
0
o .5
05
0 .5
0 .5
1 .0
1 .0
1 .0
1 .0

o
0
0
0
0 .5
0 .5
o .5
0 .5
1 .0
1 .0
1 .0
1 .0

0
o
0
0
0 .5
0 .5
0 .5
0 .5
1 .0
1 .0
1 .0
1 .0

x
E
s
ti
u
E
s
!l
N
E
s
td

u
E
s
U
N
E
s
w
N
E
s
ht

N
E
s
tt
f,
E
s
w
u
E
s
TJ

5 4 1 4 9
4 5 1 4 6
4 5 t 4 5
4 5 + 4 6
9 1 + 6 1
8 2 + 5 8
4 5 + 4 6

1 1 9  t  6 9
9 1 t 6 1
3 5 + 4 2

119 +  69
7 3 + 5 6

< 2 2
< 3 7

3 9 + 4 1
4 8 + 4 5
2 0 + 3 2
3 0 + 3 7
2 0 + 3 2

< 3 7
3 0 t 3 7

< 3 7
< 3 7

3 0 + 3 7

t 7 + 2 6
<24

3 6 1 3 7
<24

L 7  ! 2 6
3 6 t 3 7
4 5 + 4 1

<24
3 6 + 3 7
3 6 + 3 7
7 3 + 5 2
2 6 + 3 2

o.o2  t  O .o l
<0 .  01
<0 .02

0 .02  +  0 .01
0 .04  t  O .o2
0 .03  +  0 .02
O.O1  +  O .01
0 .03  1  0 .01
0 .03  t  0 .01
o .O2  t  0 .01
0 .02  t  0 .01
0 .02  I  0 .01

0 .02  +  0 .01
0 .01  +  0 .01
0 .01  +  0 .01
0 .02  t  o .o1
o .o3  1  0 .02
0 .03  +  0 .02
o .o3  +  0 .02
0 .03  +  O .O1
0 .02  1  0 .01
0 .02  +  0 .01
0 .02  +  0 .01
0 .04  t  o .o2

0 .01  +  0 .01
0 .02  +  0 .01
0 .04  +  O .O1

<0 .01
0 .02  +  O .O1
0 .03  +  0 .01
0 .03  +  0 .01
0 .02  +  0 .01
0 .02  I  0 .01
0 .03  t  0 .01
o .o2  t  O .o1
0 .03  t  0 .01

A
4
4
4
4
4
4
4
4
4
4
4

* Typical measurement locations are shown in Figure 4-zg.

85



TABLE 4-9

(continued)

I GhfumeY
Xumber

Distance
Air VenL to ToP of

Uumber ChinrreY (n)

orientation AlPha
of Area ActivitY^

tseasured (dPrn/IOO crn2)

Beta-Gamna
AetivitY
(rorad/h)

L22 ! 68
85+58

103 !  63
66+52

u
E
s
n

0
0
0
o

5
5
5
5

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

6
6
6
6

1
1
1
1
1
1
1
1
1
1
1
1
4
4
4
4
4
4
A
4
4
4
4
A
5
5
5
5
5
5
5
5
5
5
5
5

0
o
0
0
0 .5
0 .5
0 .5
0 .5
1 .0
1 .0
1 .0
1 .0
0
o
0
0
0 .5
0 .5
0 .5
0 .5
1 . O
1 . 0
1 . 0
1 . 0
0
0
0
0
0 . 5
0 . 5
0 . 5
0 . 5
1 . 0
1 . 0
1 . 0
1 . O

x
E
s
H
u
E
s
H
x
E
s
w
u
E
s
Ll
u
E
s
tl
N
E
s
ttl
f,
E
s
tt
N
E
s
w
u
E
s
TI

<2L
9s !65
36 !45
85+62
95+65
95+65

105 t 68
7s !59
6sts6
4 6  ! 4 9

L3s ! 76
3 6 ! 4 s
3 6 ! 4 5
2 6 + 4 0
4 6 + 4 9
6 5 + 5 6
6 5 + 5 6
3 6 9 4 5
6 5 g 5 5
3 6 + 4 5
7s !s9

< 3 5
2 6  Y A O

*
5 5 t 5 2
4 6  ! 4 9
4 6 ! 4 9
3 6 + 4 5
7 5 + 5 9

105 +  68
4 6 ! 4 9
5 5 + 5 2
5 5 + 5 2
6 5 1 5 6
5 5 + 5 2
4 6 + 4 9

0 .01  t  o .o1
0 .03  !  0 .01
0 .02  I  0 .01
0 .02  !  o .o1
0 .03  !  0 .02
0 .04  !  0 .02
0 .04  !  0 .02
O.O4  +  0 .02
0 .02  +  0 .01
o .o4  !  0 .02
0 .03  !  o .o2
0 .04  +  0 .02
0 .03  t  0 .02

<0 .  01
<0 .  01

0 .02  +  0 .01
0 .02  +  0 .  01

<0 .01
<0 .02

0 .05  +  0 .02
0 .04  !  0 .02

<o .01
<0 .01
*
<0 .  oL

0 .03  !  o .o2
0 .02  !  0 .01

<0 .  01
0 .02  +  0 .01
0 .03  +  0 .  01
0 .03  t  0 .01
0 .03  +  0 .01
o .03  !  o .o1
0 .03  t  0 .01
0 .04  !  0 .02
0 .03  1  O .o1

0 .02  !  0 .01
0 .04  !  0 .02
0 .02  !  o .01
0 .03  +  O .O2

* This portion of the duet ras removed during remedial ection'
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TA3LE 4_9

(cont inued)

Pege 3 of 4

chinrrey Air venr .3T:;":; "':;T:::* ^llllir, Tli;:ffi"f,umber f,urnber Chirnney (rn) ueesured (dpn/1.O-c;2) (rnred/h)

6
6
6
6
6
6
6
6
6
6
6
6
6
6
5
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
. 6
5
6

5
5
5
5
5
5
5
5
7
7
7
7
7
7
7
7
7
7
7
7
8
8
8
8
8
I
8
8
8
8
8
8
9
9
9
9
9
9
9
9

0 .5
0 .5
0 .5
0 .5
1 .0
1 .0
1 .0
1 .0
o
o
o
0
0 .5
0 .5
o .5
0 .5
1 .0
1 .0
1 .0
1 .0
0
0
0
o
0 . 5
0 . 5
0 . 5
o.5
1 . 0
1 . 0
1 . 0
1 . 0
o
o
0
o
o .5
0 .5
0 .5
0 .5

f,
E
s
U
N
E
s
t{
N
E
s
tt
N
E
s
w
N
E
S
ht
N
E
s
w
N
E
s
U
N
E
s
hl
u
E
s
tl
x
E
s
hl

7 6 + 5 5
5 7 1 4 8

103 +  63

. 1 1 2 r 6 6
s 7 i 4 8
4 8 + 4 5
7 6 + 5 5

103 t  63
3 0 t 3 7
5 7 + 4 8
8 5 + 5 8
8 5 + 5 8
2 0 + 3 2
6 6 + 5 2
9 4 + 6 0
4 8 + 4 5
6 6 + 5 2
5 7 + 4 8
8 5 + 5 8
9 4  ! 6 0
7 6 1 5 5

103 +  63
8 5 + 5 8
5 7 ! 4 8
6 6 + 5 2
6 6 + 5 2
5 7 + 4 8
7 6 ! 5 5

103 +  63
2 0  ! 3 2
2 0 + 3 2
5 7 + 4 8

<59
<58
< 3 2
<58
<45

.  <45
<45

3 0 + 4 2

0 .05  +  0 .02
o .o3  t  0 .02
0 .05  I  0 .02
0 .08  +  0 .02
0 .03  t  0 .02
0 .04  t  0 .02
0 .03  +  0 .02
0 .03  +  0 .02
0 .02  t  0 .01
0 .03  +  O .O2
0 .02  +  0 .01
0 .01  t  0 .01
0 .03  +  0 .02
0 .03  1  0 .02
0 .02  +  0 .01
0 .05  +  0 .02
0 .04  +  0 .02
0 .04  +  0 .02
0 .04  +  0 .02
0 .02  t  0 .01
0 .02  +  o .o1
O.O3  +  O .O2
0 .03  +  0 .02
0 .02  t  0 .01
O.O5  +  O .O2
o .o2  t  0 .01
0 .04  +  O .O2
0 .02  t  o .o1
0 .04  +  0 .02
0 .04  +  0 .02
0 .04  1  0 .02
0 .03  +  0 .02
o .04  t  0 .o l
o .o2  t  0 .o l

<0 .  01
<0 .  01

0 .03  +  0 .01
0 .03  !  0 .01
0 .01  t  0 .01
0 .02  t  o .01
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TAALE 4-9

(cont inued)

PaP,e 4 of 4

Ghinrrey Air Vent
f,umber Uumber

Distance
to Top of
Chittrrey (rn)

Orientation Alpha Beta-Garma
of Area Activity Activity

lleasured (dpm/lOO cnz) (nrad/h)

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

9
9
9
9
10
10
10
10
10
10
10
10
10
10
10
10

1 .0
1 .0
1 .0
1 .0
o
0
o
0
0 .5
0 .5
0 .5
0 .5
1 .0
1 .0
1 .0
1 .0

u
E
s
H
u
E
s
w
N
E
s
hl
x
E
s
w

39+45
<32
<18

58+53
39 t41

103 + 63
76 t5s
48+45
39+41
39+4 t
94+60
48 !45
66+52
66+52
20  ! 32
85+58

0.04  +  0 .02
O.o3  t  0 .o l

<0 .  02
0 .02  +  0 .01
o .o3  t  o .o2
0 .02  +  0 .01
O.02  !  O .O l
0 .03  t  0 .02
o .os  !  0 .02
o .02  !  0 .01
0 .02  +  0 .01
O.O4  +  O .O2
0 .04  +  0 .02
0 .04  !  0 .02
0 .03  10 .02
0 .03  +  0 .03

8 8



TABLE 4- IO

TRANSFERABLE POST-REI{EDIAL ACTION MEASUREII{ENTS

ON THE CHIMNEY SURFACES*

Paqe  I  o f  3

Chimney
Number

Ai r  Vent
Nunber

Dep th  f r om
Top  o f
Chinney

or  ien ta t  ion
of Sanple
in Chinney

A lpha  Ac t i v i t y
( clpn/ 100 cro2 )

I
I
I
I
I
I
I
1
I
I
t
t

2
2
2
2
2
2
2

4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5
5

I
I
I
I
8
8
I
8
8
8
I
8

5
6
6
6
6
6
6

I
I
I
I
I
I
I

I
T
I
I
I
I
I
I
I
I
I

0
0
0
0
0 .5
0 .5
0 .5
0 .5
r .0
r .0
1 .0
I . 0

0
0
0 .5
0 .5
0 .5
r .0
r .0

0
0 .5
0 .5
1 .0
r .0
I . 0
r .0

o
o
0
0
0 .5
0 .5
0 .5
0 .5
1 .0
1 .0
1 .0

N
E
s
w
N
E
s
til
N
E
s
YJ

s
w
N
E
s
N
Yil

s
E
s
N
E
s
YI

E
w
s
N
E
s
w
N
E
s
t{

<2
6+ I0
6+ l -0

<2
<2
<2
<2
<2
<2
<2
<9
<9

<2
<2
<2

3+7
<2
<2
<2
<2
<2

<2
3+7
3+7

<2
6+ I0
3+7

<2

<z
3+7
3+7
3+7
3  t 7

<2
3+7

6 + 9
3 + 7

r  Typ i ca l  neasu renen t  l oca t i ons  a re  ehown  in  F igu re  4 -29 .
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TABLE IT-IO

(  cont  inued )

I
Air Vent

Number

Depth  f rom
ToP o f
ChinneY

or  ien ta t  ion
of SanPIe
in ChinneY

Alpha  Ac t i v i tY
(dpn / I 00  cm4)ChinneY

Number

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

6
5
6
6
6
6
6
6
6
6
6
6
6
6
6
6

4
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
5
5

5
5
5
5
5
5
5
5
5
5
5
5
7
7
7
7

0
0
0
0
0 .5
0 .5
0 .5
0 .5
r .o
1 .0
0
0
0
0
0 .5
0 .5
0 .5
0 .5
L .0
r .o
I . 0
1 .0

o
0
0
0
0 .5 '
0 .5
0 .5
0 .5
1 .0
1 .0
1 .0
1 .O
o
o
o
0

<2
<2
<2
<2

6
<2

3
3

<2
<2
<z

3+7
<2

.<2
6+9
3  t 7

<2
<2
<2

3  t 7
<2

3 t 7

3+7
3+7

<2
<2
<2
<2

3  t 7
3+7

<2
<2
<2
<2

3  t 7
6+9

<2
3+7

N
E
s
t{
N
E
s
w
N
s
N
E
s
w
N
E
s
l{
N
E
s
w

N
E
s
w
N
E
s
w
N
E
S
t{
N
E
s
w
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TABLE 4-10
(  con t  i nued  )

Paoe  3  o f  3

Chinney
Nunber

Ai r  Vent
Number

Dep th  f r on
Top  o f
Chinney

Or ien ta t  ion
o f  Sanp le
in Chinney

A1pha  Ac t i v i t y
(dpn/ roo cm2)

7
7
7
7
7
7
7
I
I
8
I
8
I
8
8
I
I
I
8

9
9
9

6
5
6
6
6
6
6
6
6
6
6
5
6
6
6
6
6
6
6

6
5
6

6
6
6
6
6
6
6
6
6
6
6
6

0 .5
0 .5
0 .5
1 .0
1 .0
1 .0
r .0
0
0
o
o
0 .5
0 .5
0 .5
0 .5
1 .0
r .0
r .0
1 .0

0 .5
I . 0
1 .0

0
0
0 .5
o.5
0 .5
0 .5
1 .0
1 .0
r .0
1 .0
0
o

E
s
hI
N
E
s
YI
N
E
s
w
N
E
s
}J
N
E
s
w

w
N
YI

s
w
N
E
s
w
N
E
s
w
N
E

<2
<2
<2

3+7
<2

3+7
<2
<2

3+7
<2
<2
<2

3 + 7
<2
<2
<2
<2

3 + 7

3+7
3+7
3+7
3+7

<z
<2

3+7

<1
<1
< I

<2
<2
<2

3+7
3+7

<2

IO
10
10
10
10
10
IO
10
IO
10
t0
10
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TABLE 4-11

DTRECT POST-REpIEDIAI ACTION T1EASUREMENTS ON THE FIFTH FLOOR

Loca t  i on
A lpha  Ac t i v i tY
(  r l in /  Ioo cn2 ) ( n rad /h )

Be ta -Ganna  Ac t i v i tY

A I -1A
AI -  2
A I -3
A1-4
A t  - 5

A2-24
A2-  3
A2 -s

B I -  3A
B1-4
B1 -  5

B2 -  34
B2-5

cr -34
cr -  4
cr -5

c2-34
c2-5

D I -3A
DI -  4
D I -5

D2-34
D2-5

BAl- Ib
BA l -2
BAI- 3
BAI-4
BAI-5
BA2-2
BA2-3
BA2-5

BBt -3b
BB} -4
BB I -5
BBz -3
BB2-5

<o.02
<0.  or
<0 .0L
<0 .0 I
<0 .0 r

<0 .02
<0 .  01
<0 .0 r

<0 .  01
<0 .01
<0 .0 r

<0 .01
<0 .0 r

<o.o2
<0 .02
<0.  or

<0.  or
<0.  or

<0.0L
<0 .0 r
<0 .0 r

<0 .0 r
<0 .0 r

<0 .  o r
<0 .  02

<0 .01
0 .0 I  A  0 -0 I

<0 .0 I
<0 .0 r

O.0 I  +  0 .OI

<0 .  o I
<0 .  o I
<0 .  o1
<0 .  02

0 .  o r

<34
<34

34
34

109

34
90
24

90
53
72

r13
<34

42
42
67

+
+
!

+
!
+

+
+
g

53+
62+
34 g.

43+
34+

42
62
38

62
50
56

+ 4 6

50
53
42

45
42

<48
<48

34

62
<20

<34
53

<34
34
<5

<20
<48

34

?2
24
24

<34
24

+42

+53

+50

+42

+42

56
38
38

g 3 8

9 2

+
+
+



TABLE 4- I1

(  con t  i nued  )
Paoe  2  o f  2

toca t  i on
A lpha  Ac t i v i t y
( t lpto/ 100 cnz )

Be ta -Gamma Ac t i v i t y
(n rad /h )

cA l -1c
cAl- 2
CAI -3
CAI -4
CAI-5
CBI -3
CBI -4
CBI -5
ccr-3
cc l -  5
CEI -  3
cE l -  5
clz-2
cAz-  3
cAz-5
cBz-  3
cB2-5
cc2-  3
cc2-5
cD2-3
cD2-5
cE2-  3
cE2-5
cE3-2
cE3-3
cE3-5

<33
5 I
98

117
32
60
32
51
89

145
<33

89
23
23

<19
<47

60
<19

23
<33
<33
r54

5 I
<47

41
60

50
65
70
43
53
43
50
62
77

62
38
38

+53

+38

8 I
5 0

+  4 6
+ 5 3

t
+
+
+.
+
+
+
+
+

+.
+
+

0 .O I  +  0 .0 I
O  .O2  +  0 .0 I

<0 .01
<0 .  01
<0 .0 r

0 .04  t  0 .o I
<0 .  o1

O. I I  +  O  .OZ
0 .13  +  0 .02

<0 .  o1
0 .0 I  +  0 .0 I

<0 .01
<0 .  02
<0 .0 r

0 .03  +  0 .O I
0 .09  +  0 .02

<0 .0 r
<0 .0 r

O .OZ  a  0 .  o I
<0 .0 r

O .O I  r  0 .O l
0 .05  +  0 .02

<0 .0 r
<0 .0 r
<0 .  01
<0 .0 r

+
+

a loca t i on  des igna to r s  beg inn ing
'C2 , '  tD I , '  and  'D2 "  a re  shown

b loea t i on  des igna to r s  beg inn ing
in  F igu re  4 -32 .

c l oca t i on  des igna to r s  beg inn ing
'CE '  a re  shown  i n  F igu re  4 -33 .

, A 2  , '  ' B I  ,  '  ' , C I  ,  r t

4-3 r .

and 'BB'  are shown

t C B r t  ' C D r t  a n c l

h r i t h  " A I ,  '

i n  F i g u r e

w i t h  " B A o

wi th  "cA ,  "
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TABLE 4-L2

TRANSFERABLE POST-REMEDIAL ACTION UEASUREMENTS

ON THE FIFTH FLOOR

Paoe  I  o f  2

Locat  ion
Alpha  Ac t i v i t y
(dPn / I 00  cnz )

A I - IA
A1 -4
A1 -5
AZ-2
A2-3
A2 -5

B I -3A
B I -  3
B I -4
B I -5

cr -  3a
c1-  4
c I -  5
c2-3
cz-5

Dl -  5a
DZ-3

BAI -  2b
8AL-4
BB I -3
BB I -4
BB I -5
BA2-5
BB2-5

cAr-2c
cAl-3
CAI-4
cAl-5
CBI -3
CBI -4
CBI -5
ccI-3
ccr-5
CEI -5
cAz-2

<2
3+7

<z
3+7
3+7
3  t 7

3  t - 7
3+ '1

<2
6+9

6 + 9
1 0 + 1 2

3 + 7
6 + 9

< 2

3 + 7
3 + 7

LZ

6g
6+

<9
<2
<2
<9
10+

6g10
3+7
6a10

<2
3+7
6+10
6+ I0
3+7
3 t7

17g15
3 t7

I O
I O
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TABLE 4_L2

(  cont  inued )

Paoe 2 of  2

Loca t  i on
A lpha  Ac t i v i tY
(dpm/100  cmz )

cAz-3c
cB2-5
ccz-5
cE2-3
cEz-5
cE3-3
cE3-5

3  t 7
<2
<2

6 t10
3  t - 7

<2
<2

a loca t i on  des igna to r s  beg inn ing  w i t t r  "A1 , "  'A2 , '  "B r , "  " c r , '
'C2 , '  "D1 , '  and  ' "D? ' t  a re  6hown  i n  F igu re  4 -3 I .

b loca t i on  des igna to rs  beg inn ing  w i t t r  'BA '  and  "BB"  a re  shown
in  F igu re  4 -32

c loca t i on  des igna to r s  beg inn ing  w i t h  'CA , '  " cB ,  "  "CD , '  anc l
"CE"  a re  shown  i n  F igu re  4 -33 .
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5.0 POST-REMEDIAI ACTION STATUS

The  po6 t - r ened ia l  ac t i on  da ta  i nd i ca te  t ha t  t he  renec l i a l  ac t i on

per fo rmed  a t  Jones  Labora to ry  wa6  success fu l  i n  b r i ng ing  the  s i t e

in to  conp l i ance  w i th  aPPt i cab le  DOE renec l i a l  ac t i on  gu ide l i nes  fo r

the  c leanup  o f  rac l i oac t i ve  con tan ina t i on .  Based  on  a  rev iew  o f

pqs t - remed ia l  ac t i on  mea6uremen t6 ,  measuremen t  p rOCedures '  anc l

qua l i t y  assu rance  da ta ,  t he  I ndepenc len t  Ve r i f i ca t i on  Con t rac to r

(M)  w i I I  de te rn ine  nhe the r  t he  neasu renen t6  ob ta inec l  ve r i f y  t ha t

t he  6 i t e  has  been  decon tan ina ted  t o  t he  ex ten t  t ha t  i t  mee t8  t he

gu ide l i nes  e6 tab l i shed  f o r  t he  s i t e  o r  p ro j ec t  (Re fs .  9 -1 I ) '

The  M  i s  r espons ib l e  f o r  P repa r i ng  a  gene r i c  p l an  ou t l i n i ng  t he

p rocedu res  t o  be  used  i n  conduc t i ng  ve r i f i ca t i on  ac t i v i t i e s '  The re

a re  two  Eype6  o f  ve r i f i ca t i on  rev i ews  (Type  A  and  Type  B ) ;  t he  M

w i l I  conduc t  e i t he r  o r  bo th  t ype6  as  EPec i f i e t l  i n  t he  ve r i f i ca t i on

p lan .  The  Type  A  ve r i f i ca t i on  rev i ew  eons ie t s  o f  a  r ev i ew  o f

po6 t - r ened ia l  ac t i on  da ta  and  c ta ta  co l l ec tec l  by  r ad io l og i ca l

con t rac to r s ;  i t  nay  a l so  i nc l uc l e  t he  co l l ec t i on  and  ana l ys i s  o f

adc l i t i ona l  sanp les .  I n  pe r f o rm ing  a  Type  B  ve r i f i ca t i on  rev i ew '  t he

IVC  v i s i t s  t he  s i t e  and  conduc t s  a  su rvey  t ha t  i nc l uc l es  d i r ec t

measu remen tB  as  we I I  aB  samp l i ng  anc l / o r  sp l i t  sanp le  ana l yses '

A f t e r  comp le t i ng  ve r i f i ca t i on  ac t i v i t i e s ,  t he  IVC  w i I I  no t i f y

DOE-Headqua r te r s ,  D i v i s i on  o f  Fac i l i t y  and  S i t e  Deconmiss ion ing '  and

DOE-Oak  R idge  OPera t i ons ,  Techn i ca l  Se rv i ces  D i v i s i on '  o f  i t s

f i nd ings  and  reconmenda t ions .  DOE w i l l  r ev iew  the  da ta  to  de te rn ine

whe the r  t he  rened ia l  ac t i on  was  succese fu l .  I f  r ad io l og i ca l

cond i t i one  a t  t he  s i t e  a re  c l e te rn i ned  based  on  t h i 6  r ev i ew  to  be  i n

conp l i ance  w i th  DoE decon tamina t i on  c r i t e r i a  and  s tanc la rds  deve loped

to  p ro tec t  hea l t h ,  sa fe t y ,  and  t he  env i r onmen t ,  DOE w i l l  ce r t i f y  t he

s i t e  as  be ing  aPProPr i a te  f o r  f u tu re  uae '
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GLOSSARY

Alpha-en i t t i ng  See  rad ia t ion .

Background l  Rac l ia t lon  -  Background rac l ia t ion  re fe rs  to  na tura l l y

occur r ing  rad ia t ion  en i t ted  f rom e i the r  cosn ic  (e '9 "  f ron  the  6un)

o r  te r re6 t r ia l  (e .g . ,  f rom the  ear th )  aources .  Exposure  to  th i s

type  o f  rad ia t ion  i s  unavo idab le ,  and  i t s  leve l  va r ies  g rea t l y

depend ing  on  geograph ic  loca t ion .  For  exemple ,  New Jersey  typ ica l l y

rece ives  100  n i l l i rem ( rn re ro )  per  year ,  Co lo rado  rece ives  abou t

300  n ren /y r ,  and  some areas  in  Sou th  Amer ica  rece ive  up  to

?OOO mren /y r .  Na tu ra l l y  occur r ing  te r res t r ia l  rad ionuc l ides  inc lude

uran iun ,  rad ium,  Po ta6g ium,  tho r ium,  e tc .  ( see  de f in i t i on  o f

rad ionuc l i< te  be low) .  These dose leve ls  do  no t  inc lude the

concen t ra t ions  o f  na tu ra l l y  occur r ing  radon  ins ide  bu i ld ings -

Be ta -gamna-en i t t i ng  -  See  rad ia t ion .

Cen t ine te r  -  A  cen t ine te r  (cm)  i s  a  ne t r i c  un i t  o f  measurenen t  fo r

Ieng th ;  I  i nch  i s  equa l  to  2 -54  cm;  1  foo t  i s  equa l  to  approx imate ly

30  cm.

Contan ina t i on  -  Con tamina t i on  i s  usec l  genera l l y  t o  nean  a

concen t ra t i on  o f  one  o r  mo re  rad ioac t i ve  ma te r i a l s  t ha t  exceeds

na tu ra l l y  occu r r i ng  l eve l s .  Con tan ina t i on  may  o r  may  no t  exceed  t he

DOE c leanup  gu ide l i nes .

coun tB  pe r  m inu te  -  A  coun t  i s  t he  un i t  o f  measuremen t  reg iE te red

by  a  rad ia t i on  de tec t i on  i ns t r unen t  when  rad l i a t i on  impa r t s  i t s

ene rgy  h r i t h in  the  aen6 i t i ve  range  o f  t he  de tec to r  P robe .  The  nunber

o f  coun ts  reg i s te red  pe r  n inu te  can  be  re la ted  to  the  nunber  o f

d i s i n teg ra t i ons  pe r  m inu te  occu r r i ng  f r on  d  rac l i oac t i ve  ma te r i a l -

See  t he  de f i n i t i on  o f  d i s i n teg ra t i ons  pe r  m inu te -

D ie i n teg ra t i on6  pe r  m inu te  -  D i s i n teg ra t i ons  pe r  m inu te  (< l pm)  i s

the  neasu remen t  i nd i ca t i ng  the  anoun t  o f  rad ia t i on  be ing  re leasec l

f r om a  subs tance  Pe r  n i nu te .  See  t he  de f i n i t i on  o f  p i cocu r i e .
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DoEe -  Dose  as  used  in  th i s  repor t  i s  ac tuar l y  dose  equ iva ren t  and
is  used  to  re ra te  absorbed  dose  (mrad)  to  an  e f fec t  on  the  body .
Dose  i s  measured  in  n ren .  For  the  purpose  o f  compar ison ,  a  dose  o f
500 ,o00  mren  to  the  who le  body  w i th in  a  shor t  t i ne  causes  dea th  in
50  percen t  o f  the  peopre  who rece ive  i t ;  a  dose  o f  5 ,ooo ,0oo  n rem
Bay  be  de l i ve red  to  a  cancerous  tumor  dur ing  rad ia t ion  t rea tment ;
norna l  background rac l ia t ion  resu l ts  in  an  annua l  dose o f  about
r00  n ren ;  DoE rad ia t ion  p ro tec t ion  s tandards  l i ra i t  the  dose  to
menbers  o f  the  generar  pubr ic  to  100 nren /y r  above background
Ieve ls ;  l i v ing  in  a  b r i ck  house  typ ica l l y  resu l t s  in  a  dose  o f  abou t
75  nrem/yr  above the  background leve l .

Exposure  ra te  Exposure  ra te  i s  the  ra te  a t  wh ich  rad ia t ion
inpar ts  energy  to  the  a i r .  Exposure  i s  t yp ica r ry  measured  in
mic ro roen tgens  (uR) ,  and  exposure  ra te  i s  t yp ica l l y  expressed  as
uR/h .  The  dose  to  the  who le  body  can  be  approx imated  by  nu l t i p l y ing
the  exposure  ra te  by  the  number  o f  hours  o f  exposure .  For  exanp le ,
i f  an  ind iv idua l  h re re  exposed  to  gamma rad ia t ion  a t  a  ra te  o f
2o  uR/h  fo r  168  hours  per  week  (con t inuous  exposure )  fo r  52  weeks
per  year ,  the  who le -body  dose  wou ld  be  I7O mrem.

Gamna Rad ia t ion  -  See rad ia t ion .

Gram -  A  g ran  (g )  i s  a  met r i c  un i t  o f  we igh t .  There  a re  454  g  in
1  pound ,  EDd 2g  g  in  1  ounce .

Mete r  -  A  ne te r  (n )  i s  a  ne t r i c  un i t  o f  reng th ;  I  n  i s  equar  to
approx ina te ly  39  inches .

! [ i c rocur ie  -  A  n ic rocur ie  1s  l ,ooo ,ooo  p icocur ies  (see  de f in i t i on
o f  p icocur ie  f  o r  ac lc t i t i ona l  exp lana t ion ) .

l l i c ro roentgen -  A  n ic roroentgen (uny  is  a  un i t  used to  meagure
rac l ia t ion  exposure .  For  fu r the r  in fo rna t ion ,  6ee  the  de f  in i t i on  o f
exPo8ure  ra te .
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l { i l l i l i t e r  A  n i l l i l i t e r  ( r n l  )  i s  a  un i t  o f  measu re  f  o r  vo lume .

The re  a re  3785  n I  i n  I  ga l l on .

l . l i l l i r ad  -  The  n i t l i r ac t  (n rad )  i s  used  to  i nd i ca te  the  anoun t  o f

ene rgy  impa r ted  by  rad ia t i on  t o  a  un i t  o f  mass .  An  abso rbed  dose

ra te  i s  exp ressed  i n  t e rms  o f  mrac l  pe r  hou r  ( n rad /h ) .

t { i l l i r en  -  The  n i l l i r em  (mren )  i s  t he  un i t  used  t o  measu re

rad ia t i on  dose  to  nan .  The  DOE dose  l i n i t  i s  100  n ren  above

backg rounc l  rad ia t i on  Ieve l s  w i th in  any  one -yea r  pe r iod  fo r  nembers

o f  t he  gene ra l  pub l i c .  Na tu ra l l y  occu r r i ng  rad ioac t i ve  subs tances

in  t he  g round  resu l t  i n  a  yea r l y  exposu re  o f  abou t  I 00  n rem to  each

member  o f  t he  popu la t i on .  To  da te ,  t r o  d i f f e rence  can  be  de tec ted  i n

the  hea l t h  o f  popu la t i on  g roups  exposed  t o  100  n rem/y r  above

backg round  and  i n  t he  hea l t h  o f  g roups  who  a re  no t  exposed .

P i cocu r i e  A  p i cocu r i e  ( pc i )  i s  t he  un i t  o f  measu re  f o r

rad ioac t i v i t y ,  j us t  a6  an  ounce  i s  a  un i t  t o  measu re  we igh t .  A

measu remen t  o f  I  pc i  means  t ha t  one  rad ioac t i ve  pa r t i c l e  i s  r e l eased

on  t he  ave rage  o f  eve ry  27  seconds .

Rad iun -226  -  Rad ium-226  i s  a  na tu ra l l y  occu r r i ng  rad ioac t i ve

na te r i a l  t ha t  spon taneous l y  em i t s  a l pha  rad ia t i on .

Rad ia t i on  -  The re  a re  t h ree  p r ima ry  t ypes  o f  r ad ia t i on :  a l pha ,

be ta ,  and  gamma.  A lpha  rad ia t i on  t r ave l s  l ess  t han  an  i nch  i n  a i r

be fo re  i t  6 t ops .  A1pha  rad ia t i on  canno t  pene t ra te  t he  ou te r  l aye r

o f  sk i n  on  t he  body .  Be ta  rad ia t i on  can  pene t ra te  t he  ou te r  l aye rs

o f  sk in ,  bu t  canno t  reach  the  i n te rna l  o rgans  o f  t he  body .  Gamma

rad ia t i on  i s  t he  nos t  pene tEa t i ng  t ype  and  can  usua l l y  r each  t he

in te rna l  o rgane .

Rad ionue l ide  -  Rad ioac t i ve  e lenen ts  a re  a lso  re fe r red  to  a6

rad ionuc l idee .  For  exarnp le ,  u ran iu rn -235  i s  a  rac l ionuc l ide ,

u ran iun-238  i s  ano ther ,  tho r ium-232  ano ther ,  anc l  ao  on .
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Rened ia l  Ac t i on  -  Rened ia l  ae t i on  i s  a  gene ra l  t e rn  used  t o  nean

"c l eanup  o f  con tan ina t i on  t ha t  exceeds  DOE gu i t l e l i nes . "  I t  r e fe r s

to  any  ae t i on  requ i red  60  t ha t  a  p rope r t y  can  be  ce r t i f i e c l  as  be ing

in  conp l i ance  w i t h  gu ide l i nes  and  can  t he re fo re  be  re l eased  f o r

f u tu re  uae .  I n  p rac t i ce ,  t h iE  nay  mean  remov ing  g ra68  and  so i l ,

cu t t i ng  t r ee6 ,  r emov ing  aspha l t ,  e t c .  Re rned ia l  ac t i on  a l so  i nc l udes

res to r i ng  rened ia ted  p rope r t i e6  t o  t he i r  o r i g i na l  cond i t i ons ,  t o  t he

ex ten t  t ha t  t h i s  i s  poBs ib l e .

U ran iun  -  U ran ium i s  a  na tu ra l l y  occu r r i ng ,  Ead ioac t i ve  e l emen t -

The  p r i nc i pa l  use  o f  u ran ium when  re f i ned  i s  f o r  t he  p roduc t i on  o f

f ue l  f o r  nuc lea r  r eac to r s .  U ran iun  i n  i t s  na tu ra l  f o rn  i s  no t

su i t ab le  f o r  u6e  as  a  f ue l  aou rce .

t f o rk ing  Leve l  -  Work ing  l eve l  (WL)  i s  a  un i t  o f  neasu remen t  f o r

t he  amoun t  ene rgy  expended  i n  a i r  by  r ac l on  o r  i t s  r ad ioac t i ve  decay

p roduc t s .  The  t e rn  was  de r i vec l  t o  neasu re  radon  P rogeny

concen t ra t i ons  t o  wh i ch  u ran ium m ine rE  h te re  exposed -
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