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PREFACE 

This is one of a series of reports resulting from a program initiated 

in 1974 by the Atomic Energy Commission (AEC) for determination of the 

condition of sites formerly utilized by the Manhattan Engineer District (MED) 

and the AEC for work involving the handling of radioactive materials. Since 

the early 1949's, the control of over 100 sites that were no longer required 

for nuclear programs has been returned to private industry of the public 

fo; unrestricted use. A search of MD and AEC records indicated that for 

some of these sites, documentation was insufficient to determine whether or 

not the decontamination work done at the time nuclear activities ceased is 

inadequate by current guidelines. 

These reports contain the results of surveys of the current radiological 

condition of Eckhart Hall, University of Chicago, Chicago, Illinois. 

This survey was perfomed by the folZowing Health Physics persane2 07 
the Ocmrpcticna l Zea 2 t h  cnd Safe* Division, Argmne k t i o n a  Z Ldwratorj, 
Argonne, IZlinois: '3. A. Vynveen, W. 9. "Cmith, C. 3oggs Mayes, P. C. G~ay,  
D. X. ReilZy. 
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RADIOLOGICAL SURVEIl OF THE ECKHART HALL, 

UNIVERSITY OF CHICAGO, CHICAGO, ILLINOIS 

INTRODUCTION 

ibl~ch of the work involved in the Manhattan EngineerlAtomic Energy 

Commission (MED/AEC) Era vas performed at the University of Chicago, 

The Eckhart Hall was one of the buildings in use at that time. Some 

radiochemistry and/or physics research for the MED/AEC project was per- 

formed in this building. 

No reports o. radiation sumeys or decontamination could be found 

concerning Eckhart Hall. It was, therefore, felt that a radiation survey 

should be undertaken. The survey of Eckhart Hall was performed from 

September 25 to March 22, 1977. The survey was performed on an inter- 

mittent basis during the quarter breaks to minimize the disturbaace of 

the University's operations. The purpose of this survey was to determine 

if any detectable contamination remains as a result of the MED/AEC opera- 

tions. 

Eckhart Hall is presently in use as offices, laboratories and class- 

rooms. 



General 

A l l  a c c e s s i b l e  o r i g i n a l  walls were surveyed t o  a he igh t  of 2 meters  

and a l l  a c c e s s i b l e  f l o o r  a r e a s  were surveyed. I n  many a r e a s ,  t h e  f l o o r s  

and w a l l s  had been r e t i l e d  o r  painted.  Even though t h e s e  were n o t  t h e  

o r i g i n a l  s u r f a c e s ,  t h e s e  a r e a s  were surveyed s i n c e  t h e  instrument  capa- 

b i l i t y  w a s  adequate  t o  d e t e c t  a c t i v i t y  on t h e  o r i g i n a l  s t r u c t u r e s  under- 

neath.  A r e p r e s e n t a t i v e  s e l e c t i v e  survey of overheads such a s  p i p e s ,  ven t s  

and l i g h t  f i x t u r e s  w a s  performed i n  areas where t h e  o r i g i n a l  s t r u c t u r e s  

were a v a i l a b l e .  See Table 1 and Figures  lA through 1E f o r  l o c a t i o n s  of 

a c c e s s i b l e  a r e a s  surveyed. ( A l l  measurenents were o r i g i n a l l y  taken us ing  

the  Engl i sh  system. The S I  u n i t s  a r e  t o  t h e  n e a r e s t  approximation. For 

example, 2 inches  a r e  equal  t o  5 cm.) 

Ins t rumenta t ion  

Three types  of survey ins t ruments  were used (Table 2) .  An Ebe r l ine  

f l o o r  monitor,  Model FM-4G, having a d e t e c t i o n  a r e a  of 325 cm2, u t i l i z i n g  

t h e  Ebe r l ine  PAC-4G-3 e l e c t r o n i c s ,  w a s  used t o  survey t h e  pad. An Ebe r l ine  

PAC-4G3 wi th  a hand-held d e t e c t o r ,  61 cm2 i n  s e n s i t i v e  a r e a ,  w a s  used t o  

survey t h e  w a l l s  and o t h e r  a r e a s  no t  a c c e s s i b l e  wi th  t h e  f l o o r  monitor.  

Double aluminized mylar (0.85 rng/cm2) windows w e r e  used f o r  bo th  d e t e c t o r s .  

The t h i n  window al lows f o r  low energy d e t e c t i o n  and, t he re fo re ,  p rovides  

f o r  increased  instrument  s e n s i t i v i t y .  Both of t h e s e  ins t ruments  w e r e  

i n i t i a l l y  used i n  t h e  b e t a  mode. I n  t h e  b e t a  mode, t h e  d e t e c t o r  responds 

t o  a lpha  and be t a  p a r t i c l e s  and X and gamma rays .  When a r e a s  were found 

which i n d i c a t e d  a h ighe r  c o m t  rate than t h e  instrument  background, t h e  

instrument  w a s  then switched t o  t h e  a lpha  mode which responds t o  p a r t i c l e s  

wi th  high s p e c i f i c  i o n i z a t i o n ,  such a s  a lpha  p a r t i c l e s ,  and a reading  of 
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the alpha activity, if detectable, was obtained. 

An End Window Geiger-Xueller (GH) Detector, Eberline Model E-500B 

with a 2.2 cm diameter window held one meter above the floor, was used to 

determine general background radiation levels throughout the surveyed area. 

If an area was found that had an elevated count rate, a contact reading 

was obtained. 

The End Window G M  Detector was calibrated using the gamma emissions 

from a Radium-226 (225~a) calibration source. The Eberline floor monitor 

and hand-held detector instruments were calibrated in the alpha mode using 

a frat plate, infinitely thin Plutonium-239 (239~u) sta.-dard and in the 

beta mode with a flat plate, infinitely thin Strontium-90-Yttrium-90 

(90~r-90~) standard. The instruments were calibrated so as to provide an 

apparent 50% geometry. 

It should be realized that.the numerous isotopes which could be en- 

countered will exhibit emission energies differing from that of 2 3 9 ~ u  and 

90~r-90~ utilized in the calibration. When detecting known nuclides that 

emit alpha and beta energies differing from that of the standards, a con- 

version factor for the particular radionuclide is developed to determine 

the appropriate yield. All readings of dis/min - 100 cm2 as reported are 
eq.uated to 239~u and 90~r-90~, udess otherwise stated. 

When possible, the nuclides of contabnation were identified. This 

was done by performing a gamma spectral analysis on a contaminated item or 

a representative sample from a contaminated area. A Nuclear Data Multi- 

channel Analyzer Model -100, utilizing a 7.6 cm x 7.6 cm Sodium Iodide 

r 7 
Thallium activated I NaI(T1) j crystal was used for determining the gamma-ray 

L ; 

spectrum. This instrument, along with all other survey and sampling devices, 

was housed in the mobile laboratory. 
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Smear Surveys 

D q  smears were taken throughout the  e n t i r e  a r e a  of Eckharr 2 a l l .  X 

standard smear is performed by applying moderate p res su re  by the  t i p s  of 

t h e  f i r s t  two f i n g e r s  t o  the  back of t h e  f i l t e r  paper.  A l l  smears w e r e  

taken wi th  No. 1 Whatman f i l t e r  paper,  4.25 cm in diameter.  Smears of 

930 cm2 were normally taken. If a n  area w a s  found which has  a h igher  than  

normal background, a smear of 100 cm2 was taken. Smears of 100 cm2 were a l s o  

taken i f  the  survey a r e a  showed excessive d i r t  loading. The smears were counted 

i n  groups of t e n  us ing  a 10-Wire F l a t  P l a t e  Gas Propor t ional  Detector ,  

developed a t  Argonne National  Laboratory (ANL), u t i l i z i n g  an  Eber l ine  Mini 

Sca le r  Model MS-2. A t  l e a s t  one smear of each group was removed and counted 

i n  t h e  mre sensitive Xuclear Measurement Corporation 277 I n t e r n a l  Gas Flow 

Propor t ional  Counter, Model 3A (PC-3A) us ing  a mylar spun top. (The mylar 

spun top is placed over  samples t o  negate t h e  d i e l e c t r i c  e f f e c t  when counting 

samples on non-conducting media such a s  paper.) This  procedure w a s  used a s  

a more s e n s i t i v e  means of counting a s e l e c t i o n  of the  smear samples. A l l  

smears of a r e a s  o r  o b j e c t s  wi th  e levated  d i r e c t  readings were counted. In 

addi t ion ,  any smears i n d i c a t i n g  above background l e v e l s  i n  t h e  10-Wire 

Assembly, were a l s o  counted i n  t h e  PC Counter. Smears were counted i n  both 

d e t e c t o r s  f o r  alpha and b e t a  a c t i v i t y .  Appendix 1 provides the  instrumenta- 

tion and smear count conversion f a c t o r s  used. A l l  contamination on t h e  smears 

is equated t o  9 0 ~ r - 9 0 ~  and 2 3 9 ~ u ,  unless  o the rv i se  s t a t e d .  

Table 1 includes  the  room s u r t e y  r e s u l t s  while  t h e  maps i n  Figure lA 

through 1E i n d i c a t e  t h e  l o c a t i o n  of t h e  smear i n  the  room. A number i n  a 

c i r c l e , @ ,  i n d i c a t e s  a smear of a n  overhead s t r u c t u r e .  A number i n  a square,  

m, i n d i c a t e s  one of the  following: an e levated  d i r e c t  reading,  a smear of 

an  a rea  o r  ob jec t  t h a t  had an e levated  d i r e c t  reading,  o r  a smear t h a t  



exhibited a g r e a t e r  than background count. 

Air Samples 

Air samples were co l l ec ted  using a F i l t e r  Queen a i r  sampling device. 

The F i l t e r  Queen Pr incess  Model is an a i r  sampling device u t i l i z e d  f o r  t h e  

sampling of r ad ioac t ive  p a r t i c u l a t e  matter  i n  t h e  a i r .  This u n i t  was 

designed and constructed a t  Argonne National Laboratory. (See Figure 1A 

through 1 E  f o r  loca t ions  of a i r  samples.) The c o l l e c t i o n  medium consis ted  

of a 200 cm2 sheet  of Eollingsworth-Vose (HV-70-0.23 mm) f i l t e r  paper which 

c o l l e c t s  t h e  p a r t i c u l a t e s  present  i n  the  air.  A flow r a t e  of 15 o r  25 cubic 

meters per hour (m3/h) was used. A 10% por t ion,  5 cm I n  diameter, w a s  

removed from t h e  f i l t e r  media a f t e r  c o l l e c t i o n  and counted f o r  both alpha 

and beta  a c t i v i t y  i n  t h e  PC Counter, u t i l i z i n g  a mylar spun top. The 

c o l l e c t i o n  e f f i c iency  f o r  0 . 3 ~  p a r t i c l e s  a t  t h i s  flow r a t e  is approximately 

99.9%. Sampling r e s u l t s  were used t o  determine. radon concentrat ions and 

t h e  presence of any long-lived a c t i v i t y .  A i r  sample ca lcu la t ions  a r e  

presented i n  Appendix 2. 

S o i l  Samples 

I n  add i t ion  t o  the  survey i n s i d e  t h e  building,  s o i l  cor ings  were taken 

a t  se lec ted  loca t ions  i n  undisturbed a r e a s  ou t s ide  Eckhart H a l l  t o  determine 

t h e  deposit ion if  any, of nucl ides  t h a t  could have been s p i l l e d  o r  released.  

(See Figure 1F f o r  s o i l  sample locat ions . )  Radiochemical (f luorometric)  

and gamma-ray s p e c t r a l  analyses were conducted on these  s o i l  samples. 

The corings were effec ted  using a 10.1 cm i n  diameter by 15.2 cm i n  

length  r i g h t  c i r c u l a r  cyl inder ,  commonly ca l l ed  a golf-green hole  c u t t e r .  

Each t o t a l  c a r e  sample 30 cm i n  length,  was divided i n t o  four  segments. 

S t a r t i n g  from the  surface ,  th ree  separa te  5 cm segments were c u t ,  bagged, ana 

marked A, B, and C respect ively;  the f i n a l  segment, of 15 cm, w a s  marked D .  



The reasons for the segmented coring is to determine what contaminant 

migration may have occurred, to reduce the dilution of lower level soil 

with the upper level segments with respect to the surface deposition of 

the contaminants or vice versa, and to reveal any overburden or backfill 

which may have occurred over the years. 

Two soil samples were taken from the grounds adjacent to the Eckhart . 

Hall. Figure 1F indicates the soil sample locations. 

Background data for the soil sample analysis (Table 7) were obtained 

from a number of soil samples taken from the Chicago area. .This information 

was obtained from the Environmental Monitoring Sec~'on of the Occupational 

Bealch and Safety (OES) Divfsion of ANL. 

All soil samples were processed at An (Figure 2) and shipped to a 

commercial laboratory (LFE Environmental Analysis Laboratories) for radio- 

chemical (fluorometric) and gamma specral analyses. Their soil analysis 

procedure is described in Appendix 3. 

Sample preparation as depicted in Figure 2 consisted of weighing the 

*samples in their entirety and then drying for approximately 24 hours at 

80' Centigrade. All samples were then reweighed, placed into mill jars 

(8.7 2 )  and milled until a suffdcient amount of the soil sample would pass 

a No. 30 standard sieve. At no point were the rocks and heavy material 

ground or pulverized since this material would act as a diluent and hence 

lower the concentration per unit volume of deposited material. After 

sufficient nilling, the material was sieved using a No. 30, 600 micron (u) 

standard stainless steel sieve. The rocks and dross vs. sieved material 

( <  600 p) was segregated, bagged, and weighed separately. Soil sample 

weights are given in Table 5 .  Aliquots of the sieved material were loaded 

into screv top plastic containers. The amount of sieved material varied 
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according t o  t h e  type  or' a n a l y s i s  t o  b e  performed; 100 g r  nd 

radiochemical  ( f luorometr ic )  a n a l y s i s  and 10 grams f o r  radiochemical  

( f l uo rome t r i c )  a n a l y s i s  only. Every e f f o r t  was made throughout t h e  sample 

p r e p a r a t i o n  ope ra t ions  t o  reduce o r  e l i m i n a t e  c r o s s  contamination. S o i l  

samples which were suspec ted  of con ta in ing  e l e v a t e d  amounts of radio- 

activity were processed i n  equipment s e p a r a t e  from t h e  s o i l  samples 

considered t o  con ta in  background l e v e l s .  A l l  i t ems  of equipment were 

scrubbed and a i r  d r i e d  p r i o r  t o  t h e  i n t r o d u c t i o n  of t h e  nex t  sample. 



ANALYSIS OF SURVEY RESULTS 

General 

A l l  d a t a ,  and diagrams of survey  l o c a t i o n s  a r e  i n  t h e  at tachments .  

This  s e c t i o n  d i s c u s s e s  t h e  r e s u l t s  of t h e  suroey and t h e  f ind ings  t h e r i n .  

Instrument  readings  and smear r e s u l t s  were converted t o  u n i t s  of d i s i n t e g r a -  

t i o n s  pe r  minute p e r  one hundred square  cen t ime te r s  (d is /min  - 100 cm2) 

us ing  t h e  f a c t o r s  i n  Appendix 1. A l l  d a t a  is  r epor t ed  i n  n e t  count ,  i . e . ,  

t h e  background count r a t e s  have been s u b t r a c t e d  from t h e  g ros s  count r a t e s  

p r i o r  t o  conver t ing  from counts  pe r  minute per  one hundred square  c e n t i -  

meters (c/min - 100 cm2) t o  dis /min - 100 cm2. The b e t a  mode readings  

a r e  co r r ec t ed  t o  remove any a lpha  con t r ibu t ion .  The room background l e v e l s  

v a r i e d  somewhat due t o  t h e  cons t ruc t ion  m a t e r i a l s  i n  them. Table 3 provides  

an average background reading  f o r  a l l  modes of t h e  d i f f e r e n t  ins t ruments  

used. 

The a r e a s  a c c e s s i b l e  f o r  survey v a r i e d  from a r e a  t o  a r ea .  Areas 

a c c e s s i b l e  f o r  survey a r e  presented  i n  Table 1. The average percent  of 

t h e  t o t a l  a c c e s s i b l e  a r e a s  w a s  60% f o r  t h e  f l o o r s  and 55% f o r  t h e  w a l l s .  

Instrument  Surveys 

Contamination w a s  found i n  e i g h t  rooms throughout Eckhat t  H a l l .  This 

contamination c o n s i s t e d  of small s p o t s  of a c t i v i t y ,  found mainly on t h e  

f l o o r s .  See Table 1 and Figures  LA through 1E f o r  t h e  maximum readings  

and l o c a t i o n s  of t h e  contaminated a reas .  
I 0  pr 

IJ YoL' 

The h i g h e s t  l e v e l  of a c t i v i t y  w a s  found on t h e  f r o n t  stairs l ead ing  P 
from t h e  basement t o  t h e  f i r s t  f l o o r .  The beta-gamma reading  w a s  3.5 x 

l o 5  dis /min - 100 cm2 and t h e  a lpha  reading  was 3.9 x l o4  d is lmin  - 100 cm2. 

The G M  End Window reading  was 2 mR/h a t  con tac t  and background a t  one meter. 

Smear Surveys 

No contamination above background l e v e l s  could be de t ec t ed  on any smears. 



air Samples 

The a i r  sampling r e s u l t s  a r e  presented i n  Table 4. The v a r i a t i o n  of 

t h e  da ta  r e s u l t s  do not  appear to  be a r e s u l t  of any MED/AEC opera t ion,  

but  r a t h e r  t h e  v a r i a t i o n  r e f l e c t s  var ious  environmental f a c t o r s  such a s  

wind, r a i n ,  and d i u r n a l  va r ia t ion .  Other f a c t o r s  such a s  t h e  v e n t i l a t i o n  

of t h e  room can cause t h e  radon concentrat ions t o  vary. A l l  radon concen- 

t r a t i o n s  determined a r e  below the  maximum permissible concentrat ion (WC) 

f o r  an uncontrolled a r e a  a s  l i s t e d  i n  t h e  "Standards of Protec t ion Against 

Radiation,' '  Code of Federal  Regulations, T i t l e  10, P a r t  20, Appendix B 

( A ~ r i l  30, 1975) (10 CFR 20). These concentrat ions a r e  found L be wi th in  

t h e  normal expected l e v e l s  of radon. 

S o i l  Samples 

Results  submitted by LFE Environmental Analysis Laboratories,  a s  

l i s t e d  i n  Table 6,  a r e  reported i n  p icocur ies  per  gram (pCi/g) f o r  t h e  

Germanium (Lithium) Ge(Li) s p e c t r a l  ana lys i s  and i n  micrograms per  gram I I 
(ug/g) f o r  the  uranium f luorometric analys is .  The' la t ter  concentrat ions 

were coverted t o  pCi/g by means of the  example ca lcu la t ion  shown i n  Appendix 4. 

The background da ta  is presented i n  Table 7. The background samples 

ind ica te  n a t u r a l  uranium concentrat ions ranging from 0.3 t o  2.0 pCi/g. Results 

of s o i l  samples taken a t  Eclchart Laboratory f a l l  within the range of t h e  con- 

cen t ra t ions  found i n  t h e  background samples. 



Both the ANSI Standard N13.12 for the control of radioactive surface 

contamination of facilities to be released for uncontrolled use and the XRC 

Guideline for the release of property for unrestricted use, were considered 

as guidelines (see Appendix 5). 

Since none of the spots of contamination were easily chipped from their 

location, the spots could not be identified as to the radionuclide of con- 

tamination. It is known though, that plutonium, uranium, and radium were 

used in various buildings at the University of Chicago. Both plutonium and 

radium are considered Group 1 radionuclides in the ANSI Standard while 

uranium is in Group 3. Since radionuclide identification was impossible 

and it is feasible that plutonium and radium could have been the radio- 

nuclides of contnmination, the limits for Group 1 radionuclides will be 

used. The NRC Guidelines for 22% and 2 3 9 2 ~  are as follows: the average 

is 100 dis/mfn - 100 cm2, the maximum is 300 dis/min - 100 em2 and the re- 
movable is 20 dislmin - 100 cm2. The measurements for the average may not 

be averaged over more than one square meter and the maximum level applies 

to an area of not more than 100 cm2. Also, the average and maximum radia- 

tion levels associated with surface contamination resulting from beta-gamma 

emitters should not exceed 0.2 mrad/h at 1 cm and 1.0 mrad/h at 1 cm, 

respectively, measured through not more than 7 mg/an2 of total absorber. 

The proposed ANSI Standard is more restrictive than the NRC guide 

when considering 2 2 6 ~ a  or 239~u. The allowable limits in the ANSI Standard 

for 226~a and 2392, 19 20 dis/min - 100 cm2 removable and the limits are 
such that the total (.fixed plus removable) activity must be non-detectable 

and the instrument utilized for this measurement shall be calibrated to 
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measure at least 100 pCi of the contimdnant uniformly spread over 

The areas of contamination which were found to be greater than the 

acceptable surface contamination levels for Group 1 radionuclides as 

given in the proposed ANSI Standard 313.12 are as follows: 

Room 3 - Two spots on floor - Smear Location 3 and 4 
9 - Spot on floor - Smear Location 7 
12 - Spot on floor - Smear Location 7 
19 - Spot on bench and floor - Smear Location 4 and -5 
25 - Spot on floor - Smear Location 5 
27 - Spot on wall - Smear Location 7 

I 

Basement - Spots of floor and stairs - Smear Location 7, 8, 9, and 10 
Corridor 
and Stairs 
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HAZARD EVALUATION 

In  order to  assess  both the external and i n t e r n a l  r ad io log ica l  hazard 

involved with Eckhart Laboratory, a hypothet ica l  s i t u a t i o n  involving t h e  

basement s t a i r s  w f l l  be constructed. The highest  l e v e l  of contamination 

was found a t  Smear Location 10 on t h e  basement s t a i r s .  

To a s s e s s  the  ex te rna l  r ad io log ica l  hazard, the  h ighes t  G M  reading 

of 2 mR/h which was obtained a t  the  above locat ion,  will be considered. 

The G H  reading a t  1 meter away was not d i s t ingu i shab le  above background. 

It is, therefore ,  concluded t h a t  this elevated reading does not pose 

an ex te rna l  r ad io log ica l  hazard. 

Personnel involved with t h i s  f a c i l i t y  during t h e  m / A E C  era, r e c a l l  

t h a t  2 2 6 R a  was used i n  t h i s  building.  Since it was not  poss ib le  t o  

i d e n t i f y  the  radionucl ide(s)  of contamination and i t  w a s  known t h a t  2 2 6 R a  

was used i n  the  building,  the  a c t i v i t y  w i l l  be  equated t o  226Ra t o  deter-  

mine t h e  i n t e r n a l  r ad io log ica l  hazard. 

The l e v e l  of a c t i v i t y  found on t h e  concrete s t a i r s  w a s  3.5 x l o 5  

dis/min - 100 cm2 By equated t o  9 0 ~ r - 9 0 ~  and 3.9 x l o 4  dis/min - 100 cn2 

equated t o  2 3 9 ~ ~ .  The beta-gamma a c t i v i t y  i n  terms of 226Ra would be 

determined a s  follows: 

8.2 x los  dislmin t 3 ~ ( ~ ~ ~ 1 ~ a ) ' ' )  

loo -2 



The alpha a c t i v i t y  would be: 

Since t h e  beta-gamma a c t i v i t y  is g r e a t e r  than t h e  a lpha  a c t i v i t y  

t h e  es t imate  of 

w i l l  be used. 

A probable s i t u a t i o n  which could a r i s e  would involve t h e  pneumatic 

jackhammering of t h e  concre te  s t a i r s  i n  a dry  condi t ion ,  thereby c r e a t i n g  

a n  aerosol .  This appears  t o  be a s a t i s f a c t o r y  s i t u a t i o n  t o  cons ider  f o r  

t h e  purpose of assess ing  a p o t e n t i a l  r a d i o l o g i c a l  hazard. 

The spot  of contamination found on the stairs encompassed an a r e a  

no l a r g e r  than  1000 an2. Thus, t h e  t o t a l  a c t i v i t y  would be: 

This i s  equal  to :  

It w i l l  be assumed t h a t  one person is  opera t ing  a jackhammer t o  chip 

up some of t h e  concre te  on t h e  stairs so t h a t  new concre te  can be poured. 

It w i l l  be assumed t h a t  t h e  e n t i r e  contaminated a rea  of 1000 an2 w i l l  b e  

j ackhanxmered . 



I f  the  contaminant had not penetrated the  concrete,  t h e  contamination 

should be confined t o  t h e  near su r face  of t h e  concrete. Therefore, i t  d l  

be assumed t h a t  t h e  r a d i o a c t i v i t y  is confined t o  t h e  top 0.3 cm of t h e  

concrete. If the  concrete i s  jackhammered t o  a depth of 0.3 cm, t h e  con- 

c e n t r a t i o n  of t h e  radionuclide would be t h e  following: 

Since jackhammering r e s u l t s  mainly i n  large pieces concrete r a t h e r  k 
than mall p a r t i c l e s ,  t h e  assumption w i l l  be made t h a t  only 10X of t h e  

concrete w i l l  become a i rborne  respi rable .  Using this assumption, only 

30 an3 of concrete and 0.37 u C i  would become a i rborne  resp i rab le .  
( r a >  - 

The densi ty  of ordinary concrete is 3 g/cm3(2). Thus, the  amount 

of contaminated concre te  tha t  would become a i rborne  would be: 

One can assume t h a t  t h e  concrete is dry and t h a t  a maximum dus t  burden 

would be  created from the  jackhammer disturbance.  This maximum dust  burden 

would, however, most probably be no g r e a t e r  than the  Threshold L i m i t  Value 

(TLV) f o r  Nuisance Par t i cu la tes .  The TLV is 15 mg/m3 o r  1.5 x lom2 g/m3(3). 

I f  an aerosol  was generated which contained t h i s  TLV, the  number of 

cubic meters of contaminated a i r  would be the  following: 

The t o t a l  a c t i v i t y  of 3.7 x 10-' "'l(ra) 
3 3 would be suspended i n  6 x 10 m of 

a i r  which would r e s u l t  i n  t h e  following concentration: 



It should be rea l i zed  t h a t  only a l imi ted  number of people would be 

d i r e c t l y  involved i n  such a postula ted  environment f o r  any l eng th  of time. 

I n  addi t ion ,  t h e  l e v e l  of concrete dus t  described here in  would probably 

be reduced a t  t h e  height  of a person's breathing zone due t o  the  high dens i ty  

of t h e  concrete. The Maximum Permissible Concentration in  t h e  a i r  (MPCa) 

f o r  radium i n  an uncontrolled a rea  is 2 x 10-l2 c / . comparing ' 

t h e  pos tula ted  l e v e l  t o  t h e  KPC, t h e  following value  is  obtained: 

6.17 x lo-" u C i / c m  30.8 
2 x 10-12 uCi/ml 

I n  t h e  preceding s i t u a t i o n ,  w e  have generated an ae roso l  which is 30.8 

times g r e a t e r  than t h e  WC. 

Since t h e  jackhammering of t h e  small a r e a  would not  t ake  very long and 

t h e  p a r t i c l e s  would soon f a l l  out  of suspension, t h e  aerosol  crea ted  is  

assumed t o  l a s t  only 10 minutes. A person involved i n  t h i s  opera t ion f o r  

t h i s  period of time would inha le  t h e  following l e v e l  of a c t i v i t y :  

m3 of air 10 min a 0.2 m 3  of a i r  
60 min 

The f r a c t i o n  reaching t h e  organ of reference,  which i n  this case is  

the  bone, would be 0 . 0 3 ' ~ ) .  Therefore, the  t o t a l  reaching t h e  bone would 
- 

be : 
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The ma,uimun permiss ib le  burden of radium f o r  t h e  bone i n  t h e  t o t a l  body 

[ g ( ~ ) ]  is 1 r 10-' eCi ('I. Comparing the  t o t a l  reaching t h e  bone t o  
( r a )  

t h e  maximum permiss ib le  bone burden, t h e  following is obtained: 

Thus, t h e  person would rece ive  3.69  x low6 o r  approximately 0.0004% of a 

bone burden from t h i s  operat ion.  Even though these  c a l c u l a t i o n s  a r e  based 

on reasonable hypothesized values ,  i t  must be rea l i zed  t h a t  t h e  a c t u a l  

t o t a l  a c t i v i t y  could be less than but  probably not  g r e a t e r  than the  

hypothesized value. 



1. The conversion factors for dis/min B-y (90~r-90~) a d  dis/min a 

( 2 3 9 ~ ~ )  to di~/min(~~) for the PAC-403 as given in Appendix 1. 

2. This value is taken from the Table, "Density of Elements and Common 

Material," as given in the Radiological Health Handbook, January, 1970. 

3. The Threshold Limit Value is 15 mg/m3 for Nuisance Particulates from 

the Occupational Safety and Health Standards Subpart Z - Toxic and 
Hazardous Substances, May 28, 19.75. 

4 .  The Maximum Permissible Concentration values are given in "Standards 

for Protection Against Radiation," Code '%f Federal Regulations, Title 10, 

Part 20, Appendix B (April 30, 1075) (10 CFR 20), for an insoluble radio- 

nuclide in air in an uncontrolled area. 

5. This value is from the "Specifications for Standard Manff as given in 

the Radiological Health Handbook, January, 1970. 

6 .  This value is taken from the Report of Committee TI of Permissible Dose 

from Internal Radiation (1959), International Committee on Radiological 

Protection (ICXP). 

7. This is the maximum permissible bone burden for 226~a as found in the 

Report of Committee I1 of Permissible Dose from Internal Radiation (1959), 

International Committee on Radiological Protection (ICRP). 



A comprehensive radiological sumey was completed at Eckhart Hall, 

University of Chicago, Chicago, Illinois. Some radiochemistry and/or 
,/ - .-- / 

physics was performed 6 Jones ~abor+toG for the ?fED/AEC project in . ./ 

.-- 

'-/Hi the 1940's. This building s now n use as offices, laboratories and 

classrooms. 

Instrument and smear surveys indicate that some contamination is 

still present throughout the building. Most of this contamination, 

consisted of small spots of activity on 'he floors and walls. No 

radionuclide identification could be performed on the spots. 

Personnel involved with this facility during the MED/AEC recall 

that 2 2 6 ~ a  was used in Eckhart Ball. Since the activity found throughout 

Eckhart Hall could not be identified and it is k n a m  that 2 2 6 ~ a  was 

used, the acceptable surface contamination limits for 2 2 6 ~ a  as given in 

the proposed ANSI Standard N13.12 for the control of radioactive surface 

contamination of facilities will be used as guidelines. In accordance 

with the proposed ANSI Standard, 7 rooms were found to be in excess 

of the allowable limits. Smears of these areas indicate that the con- 

tamination is fixed and not removable. 

Radon concentrations were determined at selected sites including 

areas where contamination was found. The air sample data indicates 

normal radon concentrations. 

Soil samples were taken about the grounds of Eckhart Hall to detemine 

the deposition of any radionuclides that could have been spilled or 

released. Results of the soil sample analyses show no elevated readings 

above the natural background levels in the soil. 
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FIGURE 1 E  
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FIGURE 1F 
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FIGURE 2 

SOIL SAMPLING PROCEDURE AND PROCESSING DIAGRAM 
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("lets Hodo detects  ba th  e l e c t r o u u ~ n e t l c  and p a r t i c u l s r e  rad lut ion.  

( 2 ) k 4 ~  (Not Selected) A i r  sample loca t ion#  were clroaen on a selected 
busia throughout the areas surveyed. 

Inatrumerlt Backpound Baud lnms 
Urta Mode Alpha node 

1500-2000c/ol11-325 c r 2  0-50 c/uln-125 cmZ 

PAC-4G-3 150-200 c/rln-61cm2 0-50 clr111-61 cu2 

PC- 3A . 50 c/mtn 0.4 c/mln 

10 U l r e  500 c l m ~ n  IU elmln 

C-I4 End Ulndou Detector read 4 . 0 3  &/h a t  I meter ubove f l ou r .  

' 4 ' ~  tBverheud Srructrrra UluwaBL.bk) Ohwr rud wll survey tndluco am 
ovceuity rm daml lsb  aaiutlnp rtrufrurua La ro8ch o r i g i n a l  0vstluL4 n u r l a m .  

cs'nkt (b-Bri.rratl T U u  l o u c h ~  d id  mt coatpi* ~ c r u c r u r a l  it* tlusktiud 
u uarbar" sUEh u the foilarlapa h e t o ,  louvers, plpen and vunrr. 
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 eta HoJe detect.  bo th  a lmctrors&m~ic and parLiaularm r*dimtlon. 

"'NS - (Not Selected)  A l e  YvlpIa IocsElona were rhorw on m l e c t e d  
b a s l s  tlrrou&hout t h e  a r o a ~  autvew. 

( 3 ) ~ ~ ~ ~  (BacL&round) InaLs-t l a c k ~ r a u n d  Peadln&v 
aura n ~ w l ~  

Floor k n l t o r  lh=)m111-325 caZ 0--325 cu' ' 

("OSU (Overhead S t r u c t u r e  Uaavai lable)  Cluor and wa l l  survey i o d l c a t e  no 
neces s i ty  t o  demol l s l~  e x i s t i n g  s t r u c t u r e s  t o  reach o r l 8 i n a l  overherrd a u ~ t a c r s .  

( 5 ' ~ ~  (Nan-Exletant) Th i s  l o c a r l o a  d i d  not cun ta ln  s t r u c t u r a l  Items c l a s l f i e d  
a s  "ot l~er"  such a s  t h e  f o l l w i n g t  duc t s .  louvers.  p l p e s  and vente .  

(')MA (Not Appl icable)  No a c t l v l t y  de t ec t ed  above back8rounJ i n  t h e  be t a  mode; 
tberefoce,no a l p l ~ a  made survey was necessary. 

PAC-4C-3 

PC- 3A 

10 Ulre  

c-n md Wlndow Detector  r d  cQ.03 d f b  a t  1 mctur &ova tloot. 

("NN (Not Necessary) No 11ctlv1ty was de t ec t ed ;  t he re fo re .  no con tac t  C-U End 
Ulndw Survey was necessary. 

(8)~~t (No Smear Taken) 

'I0)~HR (No Ilei~ding Oecordod) 



("lleta h J e  datef tr bo th  e I . c r c c u ~ ~ e L e  ud m ~ t 1 ~ L . t .  rdW ion. 

( 2 ' ~ ~ - ( ~ o t  Selected) A l r  -lr locarlono worm c h a m  oa ml .e#ed  
bnsla tlrrouyhout the arum aurwyad. 

(")BKCD (B*ckyround) I ~ ~ ~ C U H L ~  ~ a f k r a u n ~  kadingr 
aaca Wm A1 k. (Bda 

Ploor Honltor L500-m r b l w  325 rrz o--25 em2 

PAC-CC-3 150-2UO r l m l w 6 1  cm2 0-5- c/m&a-61 d 
PC-3A HI rlmhn 6.4 c t m l m  

LO U i r e  %M dmla tO c l r l n  

c-H End Ulnduu Detector rud ~ 0 . 0 3  rP/l~ s t  1 r u L W  &our t l w r .  

( 4 ) ~ ~ ~  (Overhead Gtrucrure Unavaileble) F lour  and u a l l  uurvey indlcake eo 
neceaslty t o  d e w l l u t r  a a i s t l n p  atructurum t o  reach o r l p l n a l  overhead surfucea. 

("NE (Non-lslutant) 1111s l o c n t l o n  J l d  no t  c o o t u l ~  u r r u c t u r a l  items c lnea l t  l ud  
as "other" aucb am tho t o l l o v l n y :  JUC~U louvctrs. plpoo and vents. 

( 6 ) ~ b  (Not ~ p p l i e e b l o )  y o  a c t l v l t y  detected sbovs buckpround i n  the beta mu&) 
theroEore, no u l p l ~ n   mud^ rurvey uaa neceussry. 

("NN (Nut Necrsuury) No u c t l v i t y  war detacted; therefore. no  eontact C-H End 
U l n d w  Survey u rn  noceuuury. 

(')usT(N~ Smear Tuken) 

(IU)NWt (No luadl18& Yecorded) 
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Eberl ine Floor Monitor 
u t i l i z i n g  a PAC-3G 

TABLE 2 

INSTRUMENTATION USED IN SURVEY 

Eberl ine Floor Monitor 
u t i l i z i n g  a PAC-3G 

Eber l ine  Floor Monitor 
u t i l i z i n g  a PAC-3G 

Eberl ine 'AC-3G 

Eberl ine PAC-3G 

Eberl ine PAC-3G 

Eberl ine PAC-463 

Eberl ine PAC-4G3 

Eberl ine E-500B 
Beta-Gamma End Window 

Nuclear Measurement Corp. 
PC-3A-2n I n t e r n a l  Gas 
Flow Counter 

Argonne National Laboratory 
F i l t e r  Queen Air Sampler using 
HV-70 f i l t e r  media 

Inventory Number 

_ 181501 

Argonne National Laboratory 
10-Wire F l a t  P l a t e  Gas 
Proport ional  Detector 

Probe 
Detection Window 

Area Thickness 



TABLE 3 

Instrument 

Eberl ine Floor Nonitor 
FM-4G using P.4C-4G-3 

Eberl ine PAC-4G-3 

Eberl ine E-500B 
Beta-Gamma End Window 

Nuclear Measurement 
Corporation PC-3A-2r 
I n t e r n a l  Gas Flow 
Counter 

Argonne National' 
Laboratory 10-Wire 
F l a t  P l a t e  Gas 
Propor t ional  Detector 
with Eberl ine Mini 
Scaler  S - 2  

INSTRUXHT BACKGROUND READINGS 

Readings 1 meter above 
Alpha Mode(c/min) Beta Mode(c/min) f l o o r  mR/h 

*Background readings were i n i t i a l l y  taken i n  the  mobile labora tory  and 
rechecked throughout the  various a reas  i n s i d e  Eckhart Hall while surveying. 



Locat ion  

Room 3 

Room 8 

Room 12 

Room 27 

Cor r ido r  
1st Floo r  

Room 17  

Main Cor r ido r  
2nd F loo r  

Cor r ido r  
3rd Floor  

Room 418 

Room 420 

TABLE 4 

RADON CONCENTRATION DETERMINATIONS 

dis /min-m3 

85 2 

339 

998 

15 18 

1349 

*me 10 CFR 20 NOC f o r  222g, f o r  an uncontrolled a r e a  is 3 x 10% p C i / d  
which equals 3 pCi/R. 

Example C a l c u l a t i o n  - Room 12 

1 C i  m3 998 dis/min-m3 x 2*22  ;is/* x ,- = 0.33 pCi/e  10 9. 
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Sample No. 

EH-LA 

EH-la 

EB-1C 

EH-lD 

EH- 2A 

m-2B 

EH- 2C 

EEI-2D 

Net Weight 
(grams 

TABLE 5 

SOIL SAMPLE WEIGETS 

Dry Weight Sieved Weight 
(grams) (grams 

519.0 435.4  

691.8 681.0 

Rocks & Dross 
Weight (grams) 



Sample No. 

TABLE 6 

Ge(Li)  SPECTRUM AND URANIUM FLUOROMETRIC ANALYSES RESULTS 

LA) 

I ~ / c s  L3'~h Decay LLbRa Decay 
Chain Chain 

Uranium 

pg/g c OC2) pCi/g c (3) 

EH- 2D 

LFE Bland 

- - -. - . - -. - . - - - - -- - . - - - -- 

EH-LA 1.60 t 0.8 0.7 c 0.1 0.75 2 0.7 3.2 r 0.5 2.2 c 0.3 

3.2 2 0.6 2.2 5 0.4 

3.2 2 0.5 2.2 r 0.3 

1 . 3 5  0.4 0 . 9 2  0.3 

0 . 7 0 2  0.08 2 . 9 e  0.4 1 . 3 +  0.3 

4.2 2 0.5 2.9 r 0.3 

2.2 r 0.4 1.5 r 0.3 

3 . 1 2  0.4 2 . 2 2  0.3 

0.00 + 0.04 0.0 + 0.1 0.00 r 0.06 0.0 r 0.2 0.0 ,c 0.1 

( I )  One standard devia t ion due to  counting s t a t i s t i c s .  

(2) Data r e s u l t s  from LFE. 

(3 )  AN, conversion from Appendix 4. 



TABLE 7 

BACKGROUND SOIL SALcrPLE DATA* 

Cesium-137, Thorium, and Uranium in  S o i l  1976 

Concentrations i n  pCi/g 

Date 
Collected Location Ces ium-13 7 Thorium-232 Uranium 

J u l y  22 Argonne Area 0.3 0.1 0.21 0.04 1.3 0.1 

J u l y  22 

J u l y  22 

October 18 

October 18 

October 18 

June 22 

June 23 

June 23 

October 12 

October 13  

October 14 

Argonne Area 

Argonne Area 

Argonne Area 

Argonne Area 

Axgonne Area 

Average 

McKinley Woods 
S t a t e  Park, IL 

McCormick Woods 
Brookf i e l d ,  IL 

Bemis Woods 
Hinsdale, IL 

St .  Joseph, M I  

Wlllow Springs, IL 0.5 

Dresden Lock & 
Dam, n, 

Average 

'These r e s u l t s  are t ranscr ibed from "Enviroamental Monitoring a t  Argonne 
National Laboratory Annual Report f o r  1976" (ANL-77-13) by N. W. Golchert,  
T. L. Duffy and J. Sedle t .  These measurments a r e  presented in Table 13, 
on page 47 of the  r epor t .  



APPENDIX 1 

CONVERSION FACTORS 

Below are the conversion~factors w e d  to obtain the readings in 
units of disintegrations per minute per 100 cm2 (dis/min - 100 cm2). 

I Conversion Factors 

PAC-4G-3 

Alpha Beta 

C/ n o dis/min for 
9tr-50p 

c/min to dis/aXa for 23%u 

c/min to dis/min for 22%a 
+ daughters 

Floor Monitor (FM-4G) 

Alpha Beta - 
0.31 0.31 

3 2 

11 Derivation of conversion Factors 

Floor Monitor (FM-4G) 

Window Area: -325 an2 

Conversion to 100 cm2 = .31 times floor monitoring reading 

Window Area: -61 cm2 

Converison to 100 cm2 = 1.64 times PAC reading 

2a Internal Gas Flow Counter, PC-5 

Geometry: Solid Stainless Steel Spun Top - 0.50 
Geometry: Xylar Spun Top - 0.43 

Xylar Spun Top Counting (window double aluminized mylar -0.85 
mg/cm ) utilizes the well of the PC Counter and is a method 
developed and used by the Argonne National Laboratory Health 
Physics Section for negating the dielectric effect in counting 
samples on non-conducting media. 

Utilizing a flat plate infinitely thin 226Ra standard as a source of alpha 
emissions, the plate was counted in the well of a 2a internal gas flow counter, 
PC Counter, with the source leveled to an apparent 2a geometry. 

The alpha count was found to be 20450 c/min or 204501.5 = 40900 dis/min. 



APPENDIX 1 
(contd) 

Using the PAC-463 and the radium source to convert counts per minute 
(c/min) to disintegrations per minute (dislmin), the count was found to be 
12000 clmin at contact, therefore 40909112000 = 3.4 dislmin per clmin. 

The same source covered with 2 layers of conducting paper, each 6.65 
mg/cm2 to negate the alpha emissions, was counted for composite beta and 
gamma emissions in the PC counter. The course was leveled to an apparent 
50% geometry; however, no provision was made for backscatter. 

The composite beta-gama count was found to be 6836 c/min or 68361.5 = 
13672 dislmin. ' 

With the PAC-403 in the beta mode and in contact with the covered source 
and on the probe, the count was 10000 clmin. This indicates a conversion 
factor 13672110000 = 1.4 dislmin per c/min. 

SMEAR COUNT 

The conversion factors for c/min - 100 cm2 to dislmin - 100 cm2 are given 
below. 

I CONVERSION EQUATION (ALPHA) 

- Bkgd = dislmin Alpha g x bf x sa x waf 

A geometry (g) of 0.43 is standard for all flat plate counting. 

A backscatter factor (bf) of 1.0 is used when determining alpha activity on 
a filter media. 

The self-absorption (sa) was assumed to be 1 unless otherwise determined. 

If the energies of the isotope were known, the appropriate window air factor 
(waf) was used; if the energies of the isotopes were unknown the waf of 
Plutonim239 which is .713, was used. 

11 CONVERSION EQUATION (BETA) 

ciain - (3eta akqd + Alpha c/min) = dislmin Beta 
g x b f  x sa x uaf 

A geometry (g) of 0.43 is standard for all flat plate counting. 

A backscatter factor (bf )  of 1.1 is used when determining beta activity 
on a filter media. 

The self-absorption (sa) was assumed to be 1 unless othewise determined. 

If the energies of the isotopes were bown, the appropriate window air 
factor (waf) was used; if the energies of the isotopes were unknown, the waf 
of Strontium-90-Yttrium-90, which is 0.85 was used. 



APPENDIX 2 

RADON DETERNIXATION C A L m T I O N S  

This attachment summarizes the  b a s i c  assumptions and c a l c u l a t i o n  methods 
used f o r  samples co l l ec ted  using hrgonne National Laboratory designed a i r  
sampler wi th  HV-70 f i l t e r  media. 

I. Radon Concentrations Based on RaCf Counting Results 

The following assrrmptions are made i n  der iv ing t h e  Radon ( 2 2 2 ~ a )  
concentrat ions based on t h e  RaCf alpha count r e s u l t s .  

I. Ra., Rag, RaC, RaC', a r e  i n  equilibrium. 

2. RaA is present  only i n  t h e  f i r s t  count and not  t h e  100-minute decay 
count. 

3.  That o n e h a l f  of t h e  Radon progeny is  not  a d h e z ~ d  t o  a i rborne  
p a r t i c u l a t e ,  and therefore ,  not  co l l ec ted  on t h e  f i l t e r  media. 

4. The geometry f a c t o r  (g) is 0.43 f o r  both t h e  alpha and be ta  a c t i v i t y .  

5. The backscat ter  f a c t o r ' ( b f )  of 1.0 is used f o r  t h e  alpha a c t i v i t y  
which is determined from RaCf. 

6. The sample absorption f a c t o r  (sa)  f o r  RaCf is 0.77. 

7. The window a i r  f a c t o r  (waf) f o r  RaC' is 0.8. 

8. RaB and RaC being beta  emi t t e r s ,  a r e  not  counted i n  the  alpha mode. 

9. The h a l f - l i f e  of the  Radon progeny is approximately 36 minutes, 
based on the  combined RaB and RaC hal f - l ives .  

10. No long-lived alpha emitters present  a s  evidenced by t h e  f i n a l  
recount. 

11. For t h i s  method, RaCf decays a t  t h e  r a t e  of the composite of RaB 
and RaC which is approximately 36 minutes. 

11. Equations Used t o  Derive Air Concentrations 

A 
A = -  

0 - A t  e 

Where: A. = Act iv i ty  present  a t  t h e  end of the  sampling period (dis/min) 

A = Activi ty  a t  some time, a f t e r  end of sampling (dis/min) 

t = Time i n t e r v a l  from end of sampling period t o  midpoint of 
i n t e r v a l  (.min) - 



t4 = Half-life of isotope 

Where : C - Concentration (dis/min - m3) 
A = Activity of f i l t e r  media a t  end of sampling period (dis/min) 

0 

f = Sampling rate (m3/minute) (= m3/h 1 h/60 m i n )  

tS 
= Length of sampling time 

693 =-  
t4 

= Half-life of isotope or controlling parent. (min) 

1x1. Example Calculation - Room 19 



APPENDIX 3 

SOIL ANALYSIS PROCEDURE FOR TOTAL AND GAMMA-MITTING YfJCLIDES 

Summary of Methods 

A 60-millilitter volume of the received soil was counted in a petri 

dish for 500 minutes on a Ge(Li) detector over the energy range 0 - 1.5 MeV. 

This corresponded to between 60 to 100 g of soil, depending upon bulk soil 

density. Positive photopeaks above instrument background were converted 

to dis/min w i n g  a line efficiency curve based upon a National Bureau of 

Standards Multi-~amms standard. The natural Thorium-232 and Radium-226 

decay chains were calculated using the 0.910 MeV Actinium-228 and 0.609 MeV 

Bismuth-214 photopeaks respectively. Cesium-137 is reported for each sample 

as a representative gamma emitter. Potassium40 was observed on all soil 

samples, as expected, but was not calculated or reported. 

One gram of the soil sample was ashed and dissolved in HF-RN03 for the 

total uranium analysis. A 100-A aliquot of the dissolved sample was fused 

with 981 NaF-2% LiF and the fluorescence determined using a Jarrell-Ash 

fluorometer. A quenching factor was determined for each sample by using an 

internal spike. 



NATURAL URANIUM CALCULATI.ONS 

Radioac t ive  h a l f - l i v e s  of 2 3 4 ~ ,  2 3 5 ~  and 2 3 8 ~  as w e l l  as t h e  pe rcen t  
abundance f o r  each i s o t o p e  was ob ta ined  as c u r r e n t  b e s t  v a l u e s  from t h e  
"Table of I so topes  - 6 t h  Edit ion" by C. M. Lederer ,  J. M Hollander  and 
I. Perlman, 1967. The fo l lowing  va lues  used are:. 

I so tope  

2?ku 

2 3 5~ 

Half -1if  e 

2.47 x 10' y e a r s  

- 7.1 x lo8 yea r s  

X Abundance 

0.0057 

. 4.51 x lo9  yea r s  

It should be noted  t h a t  t h e  abundance i o t a l s  100.0013%. S ince  i t  
cannot be determined which i s o t o p e ( s )  a r e  i n  e r r o r ,  t h e  c a l c u l a t i o n s  
a r e  made with the .0013% e r r o r  n o t  accounted fo r .  

Avogadro ' s Number Used = 6.025 x 

2x12 A 
SpA = AA = - 

=+I 

= S p e c i f i c  a c t i v i t y  

= Number of r a d i o a c t i v e  atoms p e r  un i t  mass = 
Avogadrots Number 
Gram atomic weight  

= Hal f - l i f e  

= 0.693 x 6.025 x = dis/min - gram 

4 
5 minutes x gram atomic t (years)  x 5.256 x 10  year weight  

SpA 2 3 4 ~  = .693 x 6.025 x 
= 1.374 x 10l0 dis /min  - gram 

2.47 x lo5  x 5.256 x l o 5  x 2.34 x lo2 

= 1.374 x lo4 dis/min - ugram x 5.70 x = .783 dis /min - ugram 
of n a t u r a l  uranium 



APPENDxx 4 
(contd) 

SpA 2 3 5 ~  = 
.693 x 6.025 x = 4 .76  x l o 6  dis/min - gram 

7.1 x lo8 x 5.256 x lo5 x 2.35 x lo2 

= 4.76 dislmin - ugram x 7.196 x = .034 dis/min - ugram of 
n=tural uranium 

SpA 2 3 8 ~  = .693 x 6.025 x = 7 .4  x l o 5  dis/min - gram 
4 .51  x l o 9  x 5.256 x lo5 x 2 .38  x lo2 

= .74 dislmin - ugram x 9.9276 x 10-I = .735 dis/min - ugram o'f 
natural uranium 

Therefore, the activity of 1 pgram of natural uranium is 

= - gram = .6991 pCi/ugram natural uranium 
2.22 dis/min - pCi 

Conversion of ug/g to pCi/g 

Example Calculation - EH-1A as given in Table 6 .  



PERTINENT RADIOLOGICAC 

REGULBTIONS, STANDARDS 

AND GUIDELNES 



Excerpts From 

Proposed American Nationdl Standard 

N13.12 

Control of Radioactive Surface Contamination 

on Materials, Equipment, and Facilities to be 

Reeleased for Uncontrolled Use 



Where poten t ia l ly  contaminated surfaces  a r e  not  access ible  f o r  measurement 
(as i n  some pipes, dra ins ,  and ductwork), such property shaJl not be released 
pursuant t o  this standard, but shall be made the  subject  of case-by-case 
evaluation. 

Property shall n o t s b e  released f o r  uncontrolled use unless measurements show 
the  t o t a l  and removable contamination l e v e l s  to be no grea te r  than the  values 
in Table 1 o r  Table 2. (The values in Table 2 a r e  ea s i e r  t o  apply when the  
contaminants cannot be individual ly  ident i f ied . )  

Coatings used t o  cover the  contamination shall not be considered a so lu t ion  
t o  the  contamination problem. That is, t he  monitoring techniques shall be 
s u f f i c i e n t  t o  determine, and such determination shall be made, t h a t  the  t o t a l  
amount of contamination present on and under any coating does not  exceed t he  
Table 1 o r  Table 2 values before release. 



TABLE 1 e-10812 
SURFACE CONTAMINATION LIMITS* 

U d c  (Activity) 
Contaminants (dpm/100 a#') 

Group Description 
Nuclides 
(Note 1) Removable 

Total 
(Fixed plus 
Removabla) 

1 Xuclides for vhich the 
nonoccupatio~l MPC, 
(Note 2) is 2 x 10-l3 
~i/m3 or less 
or for vbich 
the nonoccupatio~l 
.YPC, (Note 4) Fs 
2 x 10" ci/m3 or less 

Those nuclides not in 
Group 1 for vhich the 
nonoccupntional NPCa 
(Note 2) is 1 x 10-l2 
ci/m3 or less 
or for vhich 
the nonoccupationd 
mW (Note 4) is 
1 x 1 Y 6  ci/m3 or less 

3 Thoae nuclides not in Group 1 
or Group 2 

20 Nondetectable 
(Note 3) 

2003 a 
Xondetectable 9,  y 

(Note 5) 

'The levels m y  be averaged over one square meter provided the maximum activity in any area of 199 cm2 is 
less than three times the liPlit value. For purposes of averaging with regard to isolated spots of activity, 
any square Prater of surface shall be codsidered to be contaainated above the limit L. applicable to 100 cm2 
if (1) from measurements of a representative number n of secaions it is determlmd that l/n E, Si ,L, 
vhere Si is the dpm/100 cm2 determined from measurement of section 1; or (2)  it is determined that the 
activity of all isolated spots or particles in any area Less than 100 cm2 exceeds 3L. 

tDisint~grati0~ per minute per square decimeter. 

NOTES : 
(1) Values presented here are obtained from the Code of Federal Regukztions, Title 10, Part 20, April 39, 

1975. The m s c  limiting of all givenmC values (for example. soluble versus insoluble) are to be used. 
In the event of the occurrence of mixtures of radionuclides, the fraction contributed by each constituent 
of its owrr limit shall ba determined and the sum of the fractions shall be less than 1. 

(2) Maxlmm permissible concaneration in air applicable to coatinwus exposure of members of the public as 
published by or derived from aa authoritative source such as the ?lational Committee on Radiation Protection 
and Xeasurements (NCXP), the International Comission on Zadiological Protection (ICXP), or the :Jucloar 
Regulatory Corntieion (ITRC). From the Coda of Fe&ral Regulations, Title 10, Dare 20, Appendix B, Table 2 ,  
Collvnn 1. 

(3) The instrument.utilized for this measurement shall be calibrated to measure at least 100 pCi of any 
Group-1 contaminants uniformly spread over 100 cm2. 

(4) Naxbum pe-sible concentration i n  uater applicable to members of the public. 

(5) The instnrment utilized for this measurement shall be calibrated to measure at least 1 nCi of any 
Group-2 beta or gammn contaminants uniformly spread over an area equivalent to the sensitive area of the 
detector. Direct survey for unconditional release should be performed in areas where the background is 
L 1Crj counts per minute. lhen the survey must be performed in a background exceeding 100 counts per 
minute. it may be necessary to use the indirect survey method to provide the additional sensitivity required. 



ALTXUATE SURFACE -ON LOIITS 

( A l l  Alpha Zmlt ters ,  except U 
O P ~  and nut, Considered as a Sroup)* 

L i m i t  (Act iv i ty )  
(dpln/lOo cm2)t 

- - 

T o t a l  
(Fixed plua 

Coa tamhat ian  C o o t i n q m c i u  Rcmooable Remvable)  

I f  cha contadnant cannot be  i d m t i f i e d :  

o r  i f  alpha e m i t t e r s  o t h e r  tlma Umt 

(Xote 1 )  m d  Thmt a r e  preaent ;  o r  Ff 

t h e  be ta  e m i t t e r s  comprise 2 2 7 ~ c  

22% 

I f  i t  is Lnow t h a t  a l l  a lpha e m i t t e r s  a r e  

generated from Uat (Note 1 )  and Thmt; 

and i f  b e u  d t t e r r  a r e  p resen t  t h a t ,  

v h i l e  no t  i d e n t i f i e d .  do no t  inc lude  
227k, 1251, 2 2 6 b ,  2 2 8 b  

I f  i t  is known chat  a lpha a d t t e r s  a r e  

generated only from Unat (Note 1) 

aad Thnat FO equi l ib r ium v f t h  its 

decay products; md i f  t h e  be ta  

d t t e r s ,  vhfla not i d a n t i f i d ,  do 

n o t  include 2 2 7 ~ c .  1251, lZ9I. 9 0 ~ r ,  
2 2 3 ~ .  228%. 1261, 1311, and 1331 

Nondetectable 
(Note 2) 

2000 a 
Nondetectable 5, Y 

(Noce 3) 

wphe l e v e l s  may be averaged over  one square meter provided t h e  aaximrrm a c t i v i t y  i n  
any a r e a  of 100 c d  is l e s s  than t h r e e  times t h e  limit value. For purposes of 
averaging with regard t o  i s o l a t e d  s p o t s  of a c t i v i t y ,  any square meter of s u r f a c e  
shall be considered t o  ba contaminated above t h e  l i m i t  L. appl icab le  t o  100 cm2, i f  
(1) from w u r e m a n t s  of a representative a m b e r  n of s e c t i o n s  i t  is determined t h a t  
l / n  2, Si 2 L. whare Si is t h e  dpm/100 cs2 determined from measurement of s e c t i o n  i; 
o r  (2) i t  :s determined chat  t h e  a c t i v t t y  of a l l  i s o l a t e d  spots o r  p a r t i c l e s  i n  any. 
a r e a  leas t b n  100 em2 exceeds 3L. 

f D i s i n t e g r a t i o r u  par minute p e r  aquare dec-tar. 

NOTES : 
(1) Unat and decay products. 

(2) The L o c l t r u ~ n t  u t l l i z e d  f o r  t h i s  msasur-ant s h a l l  be c a l i b r a t e d  t o  measure a t  
l e a s t  100 pCi of any Group-1 contaminants u n i f o d y  spread over 100 cm2. 

(3) The f ~ t n m e u t  u t i l i z e d  f o r  t h i s  o r r sur lmcnt  s h a l l  be c a l i b r a t e d  t o  measure a t  
lease 1 nCi of any Group-2 be ta  o r  gama contaminants uniformly spread over an a r e a  
equivalent  t o  t h e  s e n s i t i v e  a r e a  of t h e  de tec tor .  Di rec t  surrrey f o r  uncondit ional  
r e l e a s e  should be performed in a r e a s  where t h e  background is L 100 counts per  minute. 
Uhen t h e  survey amst be performed i n  a background exceeding 100 counts per  minute. i t  
may be necessary t o  une t h e  I n d i r e c t  survey oethod t o  provide t h e  a d d i t i o n a l  sens i -  
t i v i t y  required. 



GUIDELINES FOR DECO-ON OF FACILITIES BM) EQDZPMENT 

PRIOR TO RELEBSE FOR UNRESTRICTED USE 

OR TERMINBTION OF LICENSES FOR BY-PRODUCT, SOURCE, 

OR SPECIAL NUCLEAB XATERUL 

U. S, Nuclear Regulatory Commission 
Division of Fuel Cycle and 
?la t er ia l  Safety 
Washington, D.C. 20555 

November 1976 
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The instructions in this guide tn conjunct+on d t h  Table f specify the 
r ad ioac t i v i t y  and r ad i a t i on  exposure rate U t s  which. should be used 
i n  accomplisfiing the d e c o n ~ t i a n  and survey of su r f ace s  o r  premises 
and equipment p r i o r  t o  abando~ment o r  r e l ea se  f o r  un re s t r i c t ed  use. 
h e  Lfmits Fn Table 1 do not  apply t o  premises, equipment, o r  scrap 
conraining induced r ad ioac t i v i t y  f o r  vhich t h e  r ad io log i ca l  considera- 
t i ons  per t inen t  t o  t h e i r  use may 6e d i f f e r en t .  The release of such 
f a c i l i t i e s  o r  items from r e g d a t o r p  c a n t ~ o l  wfll be considered on a 
cas e-b y -cas e b a s i s .  

1. The l i censee  s W  make a reasonable e f f o r t a t 0  e l iminate  r e s idua l  
contamination. 

2. Radioact ivi ty  on equipment o r  sur faces  s U  not  be cuvered by 
pa in t ,  p la t ing ,  o r  o ther  covering matertal d e s s  contamination 
l eve l s ,  as d e t e r n b e d  by a surrey and doctrmented, are h e l m  t h e  
limits spec i f ted  tn Table Z pr fo r  t o  applying tfie c o v e m g .  A 
reasouable e f f o r t  must 6e made t o  minimize the contamination 
p r i o r  t? use of cmer iag .  

The r ad ioac t i v i t y  on t h e  i n t e r i o r  sur faces  of pipes,  d r a ln  lines, 
duck work shall B e  determined 6y ma- measarements a t  a l l  t r aps ,  
and other  appropr ia te  access  points ,  provided that coatandnation 
a t  these loca t ions  is llFceLp t o  be represen ta t ive  or' c o a t ~ t i o a  
on t h e  i n t e r t o r  of t h e  p i p e s ,  dra in  lines, o r  dnct  work, Surfaces 
of premises, equipment, o r  scrap which a r e  likely t o  6e contaminated 
b u t  are of suck s i z e ,  const rnct ion,  or  loca t ion  as t o  make t h e  
surface  inaccess ib le  f o r  purposes of measurement s h a l l  be presumed 
to  b e  contaminated in excess of the limits, 

4 .  Upon request ,  the Commission m q  author tze  a Licensee t o  re l inqu ish  
possession o r  con t ro l  of premises, equipment, o r  scrap having su r f ace s  
contaminated v i t f i  materials in excess of t h e  limits specif ied.  This 
map include, But would not h e  l imi ted t o ,  spec i a l  cfrcumstances such 
as razing of buildings,  t r ans f e r  of premises t o  another organizatfon 
continuing w r k  wi th  rad ioac t ive  mate r ia l s ,  o r  conversion of f a c i l i t i e s  
t o  a long-term s to rage  o r  standby s t a tu s .  Such request  clast: 

a, Provide de ta i l ed ,  specffkc laformat%on desc-g th 
premises, equipment o r  scrap,  rad ioac t ive  contaminants, 
and the natxre, ex ten t ,  and degree of r e s idua l  sur face  
contrmfnntton, 

b. Provide a de ta f led  health and safety ana lp s i s  vfiicFi rer'lects 
that the r e d &  amounts of materfals on snr face  a reas ,  
together w i f f i  other  canstderattocm such as prospect*e u s e  
of the premises, equipment o r  scrap,  a r e  un l i ke ly  t o  
r e s u l t  i n  an unreasonaUe rid t o  th BealtH and safety 
of t he  pat. , . 



5 .  P r i o r  t o  release of premises f o r  un re s t r i c t ed  use, t h e  licensee 
s h a l l  make a comprehensive r ad i a t i on  suroey which e s t ab l i she s  t h a t  
contamination is within t5e U t s  spec i f ied  i n  Table I. A copy 
of the s q e y  repor t  shall be f i l e d  wi th  the Division of Fuel Cycle 
and Haterial Safety ,  USNRC, Washington, D.C. 20555, and a l so  the  
Director  of t he  Regional Office  of t h e  Off ice  of Inspect ion and 
Enforcement, USNRC, having ju r i sd ic t ion .  The repor t  should b e  
f i l e d  a t  least 30 days p r i o r  t o  t he  planned date of ahandomnent: 
The sumey repor t  sha l l :  

a, Iden t i fy  the premises. 

b. Sbow t h a t  reasonable e f f o r t  has been made t o  e l iminate  
res idua l  contamhation.  

c. Deserthe t he  scope of t he  survey and general  procedures 
followed. . . 

d. S t a t e  t h e  f ind ings  of t he  survey in units spec i f ied  i n  
t h e  ins t ruc t iou .  

Following review of t h e  repor t ,  t he  NRC w i l l  consider v i s i t i n g  t h e  
f a c i l f  t i e s  to  confirm t h e  survey. 



ACCEPTABLE SURFACE CONPAMINATION LEVELS 

NUCI.IDES a AVERAGE 
b c f  b d f  HAXIMUM REMOVABLE 

b e f  

- - --. 

U-nat, U-235, U-238, and 5,000 dpar a/100 cu2 
nssoclated decay products 

Transuranics, Ra-226, Ba-228, 
Tlr-230, Th-228, Pa-231, 
Ac-227, 1-125, 1-129 

Beta-gamma emitters (nuclides 
wit11 decay modetl otlrer than 
nlplra e~nlesion or spontaneous 
fission) except Sr-90 and 
other noted above. 

5,000 dpm By/100 cm2 

15,000 dpnl a/100 cm2 1,000 dpm a/100 crn2 

15,000 dpm @y/100 cm2 1,000 dpm @a/100 cm2 

a Where surface contamination by both alpha- and beta-gamma-emitting nuclides exists, the limits eetablielred for alplro- and 
be ta-ga~mra-esi t t ing nuclides tlhould apply independently . 

b ~ s  used in tlris Table, dpm (disintegratione per minute) means the rate of emission by radioactive material us determined 
by correcting the counts per minute observed by an appropriate detector for background, efficiency, and geol~~etrlc, factore 
associaled wit11 the instrumentation. 

C 
bleasurenrents of average contaminant should not be averaged over more than 1 square meter. For objects of Ices surface 
area, tlre uveroge slrould be derived for each such object. 



TABLE I (contd) 

'Tire n~aximum contamlnatlon l e v e l  a p p l i e s  t o  en a r ea  of not  more than 100 em2.  

C ~ l l e  an~ount of removable r ad ioac t ive  m a t e r i a l  per 100 em2 of s u r f a c e  a r e a  ellould be  determined by wiping t h a r  a r e a  wi th  
dry f i l t e r  o r  s o f t  absorbent paper, applying moderate pressure ,  and a s se s s ing  t h e  amount of r ad ioac t ive  m a t u r i a l  on t b r  
wlpe with an app rop r i a t e  instrument of known ef f ic iency .  When removable contamination on o b j e c t s  of l e s s  s u r f a c e  a r ea  
i e  deter~irined, LI i e  p e r t i nen t  l e v e l s  should be reduced p rop ro t iona l ly  and tlre e n t i r e  s u r f a c e  elrould be wiped. 

'The average and nraxilnura r a d i a t i o n  level? assoc ia ted  with eurf a c e  contamination r e s u l t i n g  from beta-gamma e m 1  t ters sl,ould 
uo t  exceed 0.2 mradlhr a t  1 cm and 1.0 mradllrr a t  1 cm, r eepec t ive ly ,  measured through not  more than 7 m i l l l g r a n ~ s  per  
square  cen t imeter  of  t o t a l  aboorler .  UI 

w 
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PREFACE AND EXECUTIVE SUMMARY 

This is one in a series of reports resulting from a program initiated in 

1974 by the Atomic Energy Commission (AEC) for determination of the condi- 

tion of sites formerly utilized by the Manhattan Engineer District (MED) and 

the AEC for work involving the handling of radioactive material. Since the 

early 1940ts, the control of over 100 sites that were no longer required for 

nuclear programs has been returned to private industry or to the public for 

unrestricted use. A search of MED and AEC records indicated that for some 

of these sites, documentation was insufficient to determine whether or  not the 

decontamination work done a t  the time nuclear activities ceased is adequate by 

current guidelines. 

Since the structures of West Stands, New ,Chemistry and Annex, and 

Ricketts Laboratory are no longer standing, i t  was necessary to obtain soil 

samples in the areas where the buildings once stood. seventeen soil corings 

were taken a t  undisturbed locations a t  these three sites. Six samples were 

taken near West Stands, five near New Chemistry and Annex. and six near 

Ricketts Laboratory. The levels of natural uranium found in these samples 

ranged from (0.2 to 2 .4  pCi/g. 

Soil samples taken from the Chicago area to determine the background 

levels of natural uranium ranged from 0.5 to 3 . 4  pCi/g. These results indi- 

cate that no uranium concentrations above natural background levels are pre- 

sent in the soil from the areas of West Stands, New Chemistry and Annex, 

and Ricketts Laboratory. 

Elevated levels of 6 6 ~ 0  were found in t t ~ o  of the soil samples taken from 

the top 5 crn of earth. Sample WS-4A contained 0.04 t 0.02 pCi/g "CO and 

RI-6A contained 0.36 f 0.04 pCi/g 6 0 ~ o .  This activity could be a result of 

runoff from, or oxidation of stainless steel which corltaincd induced activity 



that may been have stored in these areas. Although there are no limits set 

for  "OCO, these levels do not appear to present a radiological health hazard. 

This report contains the results of surveys of the current radiological 

condition of the former sites of New Chemistry Lab and Annex, the West 

Stands and Ricketts Lab, University of Chicago, Chicago, Illinois. 

This radiological assessment was performed by the following HeaIth 
Physics personnel of the Occupational Health and Safety Division, Argonne 
National Laboratory, Argonne, Illinois: R .  A .  Wynveen, \4. H. Smith, 
C. Boggs Mayes, P .  C. Gray and D .  W .  Reilly. 



3 ~ ' , \ 0 8 1 2  

ABSTRACT - 

RADIOLOGICAL SURVEY OF 

THE NEW CHEMISTRY LAB AND ANNEX, 

THE WEST STANDS, AND RICKETTS LAB, 

UNIVERSITY OF CHICAGO 

CHICAGO, ILLINOIS 

Soil samples were collected from the areas where New Chemistry Labora- 

tory and Annex, West Stands, and Ricketts Laboratory once stood. Soil 

corings were taken a t  undisturbed locations a t  these three locations. The 

levels of natural uranium found in these samples ranged from c0.2 to 2.4 

pCi/g. 

Soil smp le s  taken from the Chicago area to determine the background 

levels of natural uranium ranged from 0.5 to 3.4 pCi/g. These results indi- 

cate that  no uranium concentrations above natural background levels are pre- 

sent  in the soil from the areas of West Stands, New Chemistry and Annex, 

and Ricketts Laboratory. 

Elevated levels of 60Co were found in two soil samples taken from the 

top 5 cm of earth. These samples contained 0.04 + 0.02 pCi/g and 0.36 2 

0.04 pCi/g 6%0. This radioactivity could be a result of runoff from, or  

oxidation of stainless steel which contained induced radioactivity that may 

have been stored in these areas. Although there are no limits set  for 60Co, 

these levels do not appear to present a radiological health hazard. 
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RADIOLOGICAL SURVEY OF 

THE NEW CHEMISTRY LAB AND ANNEX, 

THE WEST STANDS, AND RICKETTS LAB, 

UNIVERSITY OF CHICAGO 

CHICAGO, ILLINOIS 

INTRODUCTION 

Much of the work involved in the Manhattan Engineer District/Atomic 

Energy Commission (MED/AEC) era was performed at  the University of Chicago. 

The New Chemistry Lab and Annex, the West Stands and Ric!:etts Lab were 

buildings which were in use a t  the time. The buildings have since been torn 

down. 

The work performed in these building, included the handling of radio- 

active materials. Both plutonium and uranium were in use in these buildings. 

I t  was, therefore, felt that some type of soil analysis should be under- 

taken. The soil samples were taken from these areas on August 2, 1977. 

The purpose of this soil survey was to determine if any detectable contamina- 

tion remains in the soil as  a result of the MED/AEC operations. 



SOIL SAMPLE METHODOLOGY AND ANALYTICAL PROCEDURE 

Soil corings were taken a t  selected undisturbed locations on the site of 

the former buildings of New Chemistry Lab and Annex, the West Stands and 

Ricketts Lab to determine the deposition, if any, of nuclides that could have 

been spilled o r  released. Flurometric and gamma-spectral analyses were con- 

ducted on these soil samples. 

The corings were effected using a 10.1-cm-diameter by 15.2-cm-long 

right-circular-cylinder cutting tool, used as  a golf-green-hole cutter. 

Each total core, 30 cm in length, was divide? into four segments. Start- 

ing from the surface, three separate 5-cm segments are cut ,  bagged, and 

marked A ,  B, and C,  respectively; the final segment of 15 cm was marked D. 

The reason for the segmented coring is to determine what, if any, con- 

tamination migration has occurred, to reduce the dilution of lower-level soil 

with the upper-level segments in respect to the surface deposition of the con- 

taminants or  vice versa, and to reveal any overburden or backfill that may 

have occurred over the years. 

Background data for the soil-sample analysis (Table 3) were obtained 

from a number of soil samples taken from the Chicago area. This information 

was obtained from the Environmental Monitoring Section of the Occuparional 

Health and Safety (OHS) Division of Argonne National Laboratory (ANL).  

All soil samples were prepared at  ANL (Figure 1) and shipped to a 

commercial laboratory (LFE Environmental Analysis Laboratories) for radio- 

chemical (fluorometric) and gamma-spectral analysis. Their procedure for soil 

analysis is described in Appendix 1. 



Results submitted by LFE Environmental Analysis Laboratories, as listed 

in Table 2 ,  are reported in picocuries per gram (pCi/g) for the Ge(Li)- 

spectral analysis and in micrograms per gram (pg/g) for the uranium- 

fluorometric analysis. The latter concentrations were converted to pCi/g by 

means of the calculation shown in Appendix 1. 

Sample preparation consisted of weighing the samples in their entirety . 
and then drying for approximately 24 hours a t  80°C. All samples were then 

reweighed, put into mill jars (8.7 Q) ,  and milled until a sufficient amount of 

the soil sample would pass a No. 30 standard sieve. A t  no point were the 

rocks and heavy materiel ground or pulverized since this material would act 

as a diluent and hence, lower the resultant concentration of deposited material. 

After sufficient milling, the material was sieved using a No. 30, (600- 

micron) standard stainless steel sieve. The rocks and dross vs. sieved 

material were segregated, bagged, and weighed separately. Soil-sample 

weights are given in Table 1. 

Aliquots of the sieved material were then loaded into screw-top plastic 

containers. The amount varied according to the type of analysis to be per- 

formed, 100 grams for gamma-spectral and radiochemical (fluorometric) analyses 

and 10 grams for radiochemical (fluorometric) only. All items of equipment 

were scrubbed and air dried before the introduction of the next sample. 

Seventeen soil samples were taken on the grounds of the former build- 

ings. These locations are shown in Figure 2.  Samples WS-1 through WS-6 

were taken in the vicinity of \Jest Stands. Samples NC-1 through NC-5 were 

taken close to the New Chemistry Laboratory and Annex and samples RI-1 

through RI-6 were taken in the vicinity of Ricketts Laboratory. 



RESULTS OF SOIL SAMPLE ANALYSIS 

Soil samples taken from the Chicago area to determine the background 

levels of natural uranium ranged from 0.5 to 3.4 pCi/g. Results of soii 

samples taken near the West Stands site range from 0.3 to 1.7 pCi/g of 

natural uranium. Samples from New Chemistry range from (0.3 to 2.4 pCi/g 

of natural uranium and samples from Ricketts Laboratory range from (0.2 to 

1.5 pCi/g of natural uranium. These results indicate that no uranium con- 

centrations above natural background levels are present in the soil from the 

former West Stands, New Chemistry and Annex, and Ricketts Laboratory 

sites. 

Elevated levels of 60Co were found in two of the soii samples, WS-4A and 

RI-6A. Sample WS-4A contained 0.04 i 0.02 pCi/g of 60Co and RI-6A con- 

tained 0.32 ? 0.04 pCi/g of %o. This activity could possibly be due to 

runoff from, or  oxidation of stainless steel which contained induced activity 

that may have been stored in these areas. 



FIGURE 1 

SOI1,-SAMPLING . -+-. PROCEDURE AND PROCESSING DIAGRAM ANL- HP-DWG. 78-2 
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Sample No. 

Wet 
Weight 

(grams) 

SOIL SAMPLE WEIGHTS 

Dry 
Weight 

(grams 1 

Sieved 
Weight 
(grams) 

Rocks 
and 
Dross 
0 



Sample No. 

Wet 
Weight 
(grams) 

TABLE 1 
(cont'd) 

SOIL SAMPLE WEIGHTS 

Sieved 
Weight 
(grams) 

Rocks 
and 

Dross 
(warns) 



TABLE 2 

Ge(Li)-SPECTRAL AND URANIUM-FLUOROMETRIC ANALYSES RESULTS 

Sample 
No. 

Ge(Li) Spectra pCi/g received w t  2 a' ' 
232Th Decay **=Ra Decay 

Chain Chain 
Uranium 

~ g / g  0 (2)  pci /gf :o  c3> 

WS-1A 0.92 -+ 0.06 0.44 + 0.22 0.47 + 0.08 1.2 + 0.5 0.8 -+ 0.3 
WS-1B 1.0 2 0.3 0.7 2 0.2 
WS-1C 0.9 + 0.4 0.6 -+ 0.3 
WS-1D 1.0 2 0.4 0.7 2 0.3 

WS-2A 1.14 2 0.06 0.29 + 0.08 0.46 + 0.05 0.7 + 0.3 0.5 +, 0.2 
16-2B 0.4 2 0.2 0.3 2 0.1 
WS-2C 1.0 5 0.5 0.7 2 0.3 
WS-2D 0.4 2 0.3 0.3 2 0.2 

WS-3.9 0.74 + 0.04 113 + 0.4 0.9 2 0.3 
WS-3B 1.6 2 0.4 1.1 2 0.3 
WS-3C 1.1 5 0.3 0.8 2 0.2 
WS-3D 1.5 2 0.5 1.0 2 0.3 

~ ~ - 4 ~ ( ~ ) 0 . 6 9  + 0.03 0.74 2 0.05 1.00 + 0.04 1.3 + 0.4 0.9 2 0.3 
WS-4B 2.'4 + 0.6 1.7 i 0.4 . 
WS-4C 1.8 + 0.4 1.3 i 0.3 
WS-4D 1.8 2 0.4 1.3 2 0.3 

WS-5A 1.99 2 0.10 0.43 + 0.13 0.70 4 0.10 2.0 + 0.4 1.4 2 0.3 
WS-5B 1.1 2 0.4 0.8 2 0.3 
WS-5C 1.0 + 0.4 0.7 2 0.3 
WS-5D 1.5 1 0.4 1.0 2 0.3 

WS-6A 2.54 2 0.13 0.44 + 0.10 0.54 4 0.08 1 .3  + 0.5 0.9 +- 0.3 
WS-6B 1.1 2 0.3 0.8 2 0.2 
WS-6C 1 . 7  -t 0.8 1.2 2 0.6 
WS-6D (0.7 <O. 5 

NC-1A 0.48 + 0.06 0.6 + 0.4 0.4 1 0.3 
NC-1B 0.9 2 0.4 0.6 + 0.3 
NC-1C 1 .0  + 0.7 0.7 2 0.5 
NC-ID 0.9 2 0.4 0.6 2 0.3 

NC-2A 0.76 2 0.04 0.71 f. 0.09 0.85 + 0.06 1 .4  C 0.5 1.0 2 0.3 
NC-2E 0.8 2 0.4 0.6 + 0.3 
KC-2C 1.8 + 0.9 1.3 2 0.6 
NC-2D (0.7 (0.5 



TABLE 2 
"(cont'd) 

Ge(Li)-SPECTRAL AND URANIUM-FLUOROMETRIC ANALYSES RESULTS 

Ge(Li) Spectra pCi/g received wt 5 a 
Sample 
No. 13'Cs 232Th Decay 226Ra Decay 

Chain Chain 



TABLE 2 
-(con ttd) 

Ge(Li)-SPECTRAL AND URANIUM-FLUOROMETRIC ANALYSES RESULTS 

Ge(Li) Spectra pCi/g received \vt + a ('1 
Sample 
No. 13'Cs 232Th Decay 226Ra Decay 

Chain Chain 
Uranium 

(1) One standard deviation due to counting statistics. 
(2) DATA results for LFE. 
( 3 )  ANL conversion from Appendix 2. 
(4) Sample WS-4A contained 0.04 2 0.02 pCi/g 6 6 ~ o .  
( 5 )  Sample RI-6A contained 0.36 2 0.04 pCi/g %o. 



June 14 
June 14 
June 14 

June 16 
June 16 

October 6 

October 6 

October 27 

October 27 

TABLE 3 

BACKGROUND SOIL SAMPLE DATA 
Cesium-137, Thorium-232, 

Natural uranium in Soil, 1977 

(Concentrations in pCi/g) 

Date Uranium 
Collected Location Cesium-137 Thorium-232 (natural) 

June 16 Argonne Area 1.0 2 0.3 0.34 +- 0.01 1.6 2 0.1 
June 16 Argonne Area 0.9 2 0.3 0.23 It: 0.01 1.8 2 0.1 
June 16 Argonne Area 1.1 t 0.3 0.15 It: 0.01 1.2 2 0.1 
June 16 Argonne Area 0.5 2 0.2 0.36 t 0.03 1.6 2 0.1 
June 16 Argonne Area 1.0 2 0.3 0.33 2 0.04 1.1 2 0.1 
Nov. 15 A r g a n e  Area 0.4 + 0.1 0.25 + 0.01 1.1 2 0.1 
Nov. 15 Argor,ne Area 1.1 2 0.3 0.07 + 0.01 0-9 + 0.1 
Nov. 15 Argonne Area 1.1 2 0.3 0.07 C 0.01 1.4 2 0.1 
Nov. 15 Argonne Area 0.9 +- 0.3 0.07 t 0.01 1.2 i 0.1 

Average 0.9 2 0.2 0.21 2 0.08 1.3 + 0.2 

Off -Site 

Channahon, IL 
Morris, IL 
Starved Rock 
State Pk., IL 

Lemont, IL 
R~meoville , 
IL 

McKinley Wds . 
State Pk.,  IL 

Dresden Lock 
and Dam, IL 

Saganashkee 
Slough, IL 

McGinnis 
Slough, IL 

Average 

"These results are transcribed from "Environmental Monitoring a t  Argonne 
National Laboratory Annual Report for 1977" (ANL-78-26) by N. \V. Golchert, 
T .  L. Duffy ,  and J .  Sedlet. 



APPENDIX 1 

SOIL-ANALYSIS PROCEDURE FOR TOTAL URANIUM AND 
GAMMA-EhIITTING NUCLIDES 

A 60-miliiliter volume of the received soil was counted in a petri dish for 

500 minutes on a Ge(Li) detector over the energy range 0-1.5 MeV. This 

corresponded to 60-100 g of soil, depending upon bulk soil density. Positive 

photopeaks above instrument background were converted to d i sh in  using a 

line efficiency curve based upon a National Bureau of Standards Multi Gamma 

standard. The natural-thorium-232 and radium-226 decay chains were calcu- 

lated using the 0.910-ivIeV actinium-228 and 0.609-MeV bismuth-214 photopeaks, 

respectively. Cesium-137 is reported for each sample as a repre- 

sentative gamma emitter. Potassium-40 was observed on all soil samples, as 

expected, but was not calculated or reported. 

One g r m  of the soil sample was ashed and dissolved in HF-HN03 for the 

total uranium analysis. A 100-h aliquot of the dissolved sample was fused 

with 98% NaF-2% LiF and the fluorescence determined using a Jarrel-Ash 

fluorometer. A quenching factor was determined for each sample by using an 

internal spiks . 



APPENDIX 2 

NATURAL-URANIUM CALCULATIONS 

Radioactive half-lives of 2 3 4 ~ ~  2 3 5 ~ ~  and 2 3 8 ~ ~  as well as  the present 
abundance for each isotope, were obtained as current best values from the 
"Table of Isotopesff - 6th Edition by C. M. Lederer, J. M. Hollander, and 
I. Perlman, 1967. The values used are: 

Isotope Half-life (years) $ Abundance 

Note that  the abundance totals 100.0013%. Since it ca1,not be determined 
which isotope(s) are in error ,  the calculations are made with the 0.0013% error 
not accounted for.  

SpA = AN = 

SpA = Specific Activity 

A = Number of radioactive atoms per unit mass = Avoqadrofs Number 
Gram atomic weight 

Avogadrofs Number = 6.025 x 

N = Number of radioactive atoms per unit mass 

= Avogadrofs Number 
gram atomic weight 

t+ 
= Half-life in years (a) 

SpA - - 0.693 6.025 x = dis/min-gram 
gram atomic t+(a) 5 -256 x lo5 a weight 

SPA 2 3 4 ~  = 0.693 6.025 x loz3 
2.47 x lo5  5.256 x lo5  2.34 x lo2 

= 1.374 x 101° dishin-gram 

= 0.783 dis/min-l~g of natural uranium 



< APPENDIX 2 
(cont'd) 

NATURAL-URANIUM CALCULATIONS 

SpA 2 3 5 ~  = 0.693 - 6.025 x loz3 
7.1 x lo8 - 5.256 x lo5 2.35 x 102 

= 4.76 x lo6 dis/rnin-gram. 

= 0.034 dis/min-pg of natural uranium 

= 0.735 dis/min-pg of natural uranium 

Therefore, the activity of 1 p g  of natural uranium is  

0.783 dis/min 234U + 0.034 disimin 235U + 0.735 dis/min 238U 

= 1.552 dis/min-pg. 

Conversion of pg/g to pCi/g 

Example Calculation : WS-1 A 

[1.2 2 0.51 p g  . 0.6991 pCi , [0.8 + 0.31 pCi - 
gram Pg gram 



SURVEY TECHNI OUES 

General 

A l l  a cces s ib l e  o r i g i n a l  wal l s  were surveyed t o  a he ight  of  2 meters 

and a l l  a cces s ib l e  f l o o r  a reas  were surveyed (Table 1) .  In  many a reas ,  

t h e  f l o o r s  and walls had been carpe ted  o r  painted.  Even though t h e s e  were 

no t  t he  o r i g i n a l  su r f aces ,  t h e s e  a reas  were surveyed s i n c e  t h e  c a p a b i l i t y  

o f  de t ec t ion  was adequate t o  d e t e c t  a c t i v i t y  on t h e  o r i g i n a l  s t r u c t u r e s  

underneath. A r ep re sen ta t ive  s e l e c t i v e  survey of overheads such a s  duc ts  

and beams was performed i n  a r eas  where t h e  o r i g i n a l  s t r u c t u r e s  were 

ava i l ab l e .  See Table 1 and ~ i g u r e s  1 A  through 1F f o r  l oca t ions  o f  a c c e s s i b l e  

a r eas  surveyed. (All  measurements were o r i g i n a l l y  taken using t h e  English 

system. The S I  u n i t s  a r e  t o  t h e  n e a r e s t  approximation. For example, 2 

inches a r e  equal t o  5 cm.) 

Instrumentat ion 

Three types of SUNey instruments  were used (Table 2 ) .  An ~ b e r l i n e  

FM-4G having a de t ec t ion  a r e a  o f  325 cm , u t i l i z i n g  t h e  Eber l ine  PAC-4G-3 

electziaics ,  was used t o  survey t h e  f loo r s .  A PAC-4G-3 with a hand-held 

de t ec to r ,  51 cm i n  s e n s i t i v e  a r ea ,  was used t o  survey t h e  wal l s  and o t h e r  

acces s ib l e  a r eas .  Double aluminized mylar ( 0.85 mg/cm ) windows were used 

i n  both de tec tors .  This allows low energy de t ec t ion  and, t he re fo re ,  pro- 

vides f o r  increased  instrument s e n s i t i v i t y .  Both o f  t hese  instruments  

were i n i t i a l l y  used i n  the  b e t a  mode. In t h e  be t a  mode, t he  d e t e c t o r  responds 

t o  alpha and b e t a  p a r t i c l e s  and X and gamma rays.  When , a r eas  were found 

which ind ica t ed  a h igher  count r a t e  than t h e  instrument  background, t h e  

instrument was then switched t o  t h e  alpha mode and a reading of t he  alpha 

a c t i v i t y  was obtained. In the  alpha mode, t h e  instrument only resnonds t o  

p a r t i c l e s  with high s p e c i f i c  i on iza t ion  such as  alpha p a r t i c l e s .  




