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PREFACE AND EXECUTIVE SUMMARY 

Rockwell International's Santa Susana Laboratories in Ventura County, 

California, have been the site of numerous Federally-funded projects involving 

the use of radioactive materials. One such project was the System for Nuclear 

Auxiliary Power (SNAP) Program, which was conducted under the auspices of the 

U.S. Atomic Energy Commission ( A E C ) .  Building 003 on the Santa Susana site was 

used in conjunction with the SNAP Program and contained a highly shielded area 

designed for remote manipulation of radioactive materials. Such facilities are 

commonly referred to as "hot caves. " 

During the SNAP Program, fuel burnup samples were analyzed and irradiation 

experiments were evaluated in the Building 003 hot cave. Use of the hot cave 

facility ended when the SNAP Program was terminated in 1973. Subsequently, the 

Building 003 facilities were declared excess (i.e., surplus facilities) and were 

decontaminated and decommissioned during the first half of calendar year 1975. 

At that time, the building was given a preliminary release. 

In 1981, a post-remedial-action (certification) survey of Building 003 was 

conducted at the request of the Department of Energy by the Radiological Survey 

Group (RSG) of the Occupational Health and Safety Division, Health Physics 

Section (OHS/HP) of Argonne National Laboratory (ANL). Significant levels of 

residual contamination were found in various parts of the building. Conse- 

quently, additional decontamination was conducted by Rockwell International. A 

final post-remedial-action survey was conducted by the ANL-RSG during April 1982, 

and those areas in Building 003 that had been found contaminated in 1981 were 

now found to be free of detectable radioactive contamination. 

Sludge samples taken from the sewer sump showed elevated levels of enriched 

uranium contaminant. Hence, all sewer lines within Building 003 were removed. 

This permitted unconditional release of the building for unrestricted use. 

However, the sewer lines exterior to the building, which remain in place, must 



be considered potentially contaminated and, therefore, subject to restricted 

use. 

This survey was performed under the auspices of the Health Physics Section 
of the Occupational Health and Safety Division of Argonne National Laboratory, 
Argonne, Illinois. The following personnel participated: R. A. Wynveen, W. H. 
Smith, R. L. Mundis*, C. M. Sholeen, A. L. Justus, K. F. Flynn, J. D. Thereon, 
R. Rodriguez, and D. W. Reilly. 

$<Now at Los Alamos Scientific Laboratory. 



Page 

Preface and Executive Summary . . . . . . . . . . . . . . . . . . .  iii 
. 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

Radiological Survey Procedures . . . . . . . . . . . . . . . . . .  2 
Instrumentation . . . . . . . . . . . . . . . . . . . . . . .  2 
Smearsurveys . . . . . . . . . . . . . . . . . . . . . . . .  3 
Air Samples . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Sludge. Water. Soil and Tile Samples . . . . . . . . . . . . .  4 

Radiological Survey Results . . . . . . . . . . . . . . . . . . . .  4 
Instrument and Smear Surveys . . . . . . . . . . . . . . . . .  4 
Air Samples . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Sludge. Water. Soil and Tile Samples . . . . . . . . . . . . .  5 

Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

Appendix 1 . Instrumentation . . . . . . . . . . . . . . . . . .  16 

Appendix 2 . Conversion Factors. . . . . . . . . . . . . . . . .  19 

Appendix 3 . Radon-Determination Calculations . . . . . . . . . .  22 

Appendix 4 . Sample Preparation and Analysis Generic 
Protocol . . . . . . . . . . . . . . . . . . . . . .  28 

Appendix 5 . Calculation of Normal-Uranium Specific Activity . . 3 2 

Appendix 6 . Pertinent Radiological Regulations. Standards. 
and Guidelines . . . . . . . . . . . . . . . . . . .  33 

Appendix 7 . Estimated Extent of Contamination . . . . . . . . .  55 

Appendix 8 . Evaluation of Radiation Exposure . . . . . . . . . .  56 

LIST OF FIGURES 

Figure 

1 Site Location of Santa Susana Field Laboratories . . . .  8 

2 Santa Susana Field Laboratories . . . . . . . . . . . .  9 

3 Building 003 . . . . . . . . . . . . . . . . . . . . . .  10 

4 Building 003 Trench Excavation . . . . . . . . . . . . .  11 



Table  

1 

2 

3 

v i 

LIST OF TABLES 

Data Sheet of Area Surveys . . . . . . . . . . . 

Radon-Concentration Determinations . . . . . . . . 

Gamma Spectral, Uranium Fluorometric, and 
Radiochemical Analyses of Samples. . . . . . . . 

Page 

12 

14 



POST REMEDIAL ACTION SURVEY REPORT FOR BUILDING 003 
SANTA SUSANA FIELD LABORATORIES, ROCKWELL INTERNATIONAL 

INTRODUCTION -- 

The Santa Susana Laboratories, located in the Santa Susana Mountains In 

Ventura County northwest of Los Angeles, California (Fig 1 ,  are owned by 

Rockwell International and have been used for a number of government-sponsored 

projects involving radioactive material. One of the buildings on the laboratory 

site, Building 003, contains a "hot cave" facility that was used in conjunction 

with the System for Nuclear Auxiliary Power (SNAP) Program conducted for the 

Atomic Energy Commission. The location of Building 003 In relation to the rest 

of the site is shown in Figure 2, and a floor plan of the building is shown in 

Figure 3 .  

The hot cave in Building 003 has been inactive since the closeout of the 

SNAP Program in 1973. Prior to that time, the facility had been used for the 

analysis of SNAP fuel burnup samples and the evaluation of irradiation experi- 

ments. After Building 003 facilities were declared excess, Rockwell Inter- 

national carried out decontamination and dismantling of the contaminated 

faci1ity.l The actual decontamination and decommissioning efforts in Building 

003 began in January 1975 and ended in June 1975. At that time, the building 

was given a preliminary release. 

A post-remedial-action (certification survey) of the hot cave facility in 

Building 003 was undertaken in October 1981 on behalf of the Department of 

Energy by the Radiological Survey Group (RSG) of the Occupational Health and 

Safety Division, Health Physics Section (OHS/HP), of Argonne National Laboratory 

(ANL). That survey showed residual contamination in various parts of the 

building; therefore, additional decontamination work was conducted by Rockwell 

International. This decontamination work was concluded in March 1982, and the 

results of a comprehensive radiological survey of the building conducted at the 

time by Rockwell International personnel were documented in a Rockwell report. 

A final (confirmatory) post-remedial-action survey was conducted by the ANL 

Radiological Survey Group during April 1982. At that time, only those areas 

that previously had been found contaminated were resurveyed. 
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The r e s u l t s  o f  t h e  s u r v e y s  of B u i l d i n g  003 by t h e  ANL-OHS/HP R a d i o l o g i c a l  

Survey Group, and t h e  i n v e s t i g a t o r s '  c o n c l u s i o n s  and recommendations, a r e  p r e -  

s e n t e d  i n  t h i s  r e p o r t .  The r e s u l t s  of i n v e s t i g a t i o n s  of t h e  SNAP F a c i l i t y ,  t h e  

KEWB F a c i l i t y ,  and t h e  SRE F a c i l i t y  ( a l s o  l o c a t e d  a t  t h e  San ta  Susana s i t e ) ,  a r e  

inc luded  i n  companion r e p o r t s .  

RADIOLOGICAL SURVEY PROCEDURES 

I n s t r u m e n t a t i o n  

Four t y p e s  o f  p o r t a b l e  s u r v e y  i n s t r u m e n t s  were used t o  conduct  t h e  d i r e c t  

r a d i o l o g i c a l  s u r v e y s  i n  B u i l d i n g  003. Gas-flow p r o p o r t i o n a l  d e t e c t o r s  wi th  

window a r e a s  of 5 1  cm2 and 325 cm2 ( u s i n g  E b e r l i n e  PAC-4G-3 e l e c t r o n i c s )  were 

used t o  moni to r  f o r  a l p h a  a n d / o r  beta-gamma r a d i a t i o n .  NaI c r y s t a l  d e t e c t o r s ,  

2 i n .  d i a m e t e r  by 2 mrn t h i c k  ( E b e r l i n e  PG-2 w i t h  Eber ine  PRM-5-3 e l e c t r o n i c s ) ,  

were used t o  moni to r  f o r  Low energy  x - ray  and gamma r a d i a t i o n .  NaI c r y s t a l  

d e t e c t o r s ,  measur ing 1 i n .  d i a m e t e r  by 1 i n .  t h i c k  ( E b e r l i n e  PFW-7 pR m e t e r )  and 

c a l i b r a t e d  w i t h  a  2 2 6 ~ a  s t a n d a r d  s o u r c e ,  were used t o  measure t h e  ambient 

e x t e r n a l  p e n e t r a t i n g  r a d i a t i o n  f i e l d  i n  u n i t s  of pR/h. An end-window Geiger-  

Muel le r  (GM) d e t e c t o r  ( E b e r l i n e  HP-190 w i t h  a  7 mg/cm2 window and E b e r l i n e  530 

e l e c t r o n i c s ) ,  c a l i b r a t e d  w i t h  a  2 2 6 ~ a  s t a n d a r d  s o u r c e ,  was used t o  measure t h e  

c o n t a c t  exposure  r a t e  (rnR/h) o f  con tamina ted  a r e a s .  I n t e g r a t e d  measurements of 

t h e  ambient  p e n e t r a t i n g  r a d i a t i o n  exposure  f i e l d  were t a k e n  w i t h  a  p r e s s u r i z e d  

i o n i z a t i o n  chamber ( R e u t e r  S t o k e s  RSS-111) c a l i b r a t e d  w i t h  an  NBS t r a c e a b l e  6 0 ~ o  

gamma-ray s o u r c e .  These  i n s t r u m e n t s  and a s s o c i a t e d  c a l i b r a t i o n  p r o c e d u r e s  a r e  

d e t a i l e d  i n  Appendicies  1 and 2 .  S i n c e  i n s t r u m e n t  c a l i b r a t i o n s  were t o  

i n f i n i t e l y - t h i n  f l a t - p l a t e  s t a n d a r d s ,  a l l  r e p o r t e d  r e a d i n g s  shou ld  b e  regarded  

a s  minimal v a l u e s ;  no c o r r e c t i o n s  were made f o r  a b s o r p t i o n  by s u r f a c e  media. 

Whenever p o s s i b l e ,  a  con taminan t  was i d e n t i f i e d  by per fo rming  gamma s p e c t r a l  

a n a l y s i s  on e i t h e r  t h e  con tamina ted  i t e m  o r  on a  sample o f  m a t e r i a l  t a k e n  from a  

con tamina ted  a r e a .  These a n a l y s e s  were performed w i t h  a  sodium i o d i d e  o r  hyper-  

p u r e  germanium d e t e c t o r  coupled t o  a  m u l t i c h a n n e l  a n a l y z e r .  Th i s  i n s t r u m e n t a t i o n  

i s  a l s o  d e s c r i b e d  i n  Appendix 1. 



Smear Surveys  

Dry smears were t a k e n  a t  r e p r e s e n t a t i v e  l o c a t i o n s  th roughout  t h e  b u l l d i n g  

u s i n g  a  4.75-cm-diameter f i l t e r  paper  (Whatman # I ) .  A smear sample was o b t a i n e d  

by a p p l y i n g  moderate p r e s s u r e  w i t h  t h e  t i p s  of t h e  f i r s t  two f i n g e r s  t o  t h e  back 

of t h e  f i l t e r  paper  and wip ing  t h e  s u r f a c e  over  a n  a r e a  of - 900 cm2. Smears 

were t a k e n  on o r i g i n a l  s t r u c t u r e s  and components such a s  w a l l s ,  f l o o r s ,  p i p e s ,  

and v e n t s .  A smear o f  100 cm2 was t a k e n  from a n  a r e a  o r  o b j e c t  i n d i c a t e d  by a  

p o r t a b l e  su rvey  i n s t r u m e n t  t o  have a  h i g h e r  t h a n  normal r a d i a t i o n  l e v e l .  A 

smear a r e a  of 100 cm2 was a l s o  t a k e n  i f  t h e  s u r f a c e  was ex t remely  d u s t y .  

To e x p e d i t e  c o u n t i n g  o f  t h e  numerous smear samples ,  two count ing  t echn iques  

were employed u s i n g  two t y p e s  o f  c o u n t e r s .  A l a r g e - a r e a  , thin-window, gas - f low 

p r o p o r t i o n a l  c o u n t e r ,  s e n s i t i v e  t o  a l p h a  and/or  beta-gamma r a d i a t i o n ,  was used 

t o  make an  i n i t i a l  coun t  on groups  o f  smears.  F o r  more s e n s i t i v e  counts  on 

i n d i v i d u a l  smears ,  a  Nuc lea r  Measurement Corpora t ion  Model PC-5 ( o r  3A), I n t e r n a l  

Gas-Flow P r o p o r t i o n a l  Counter  (PC c o u n t e r )  w i t h  a t h i n  a lumin ized  Mylar window 

( r e f e r r e d  t o  a s  a  Mylar spun t o p )  was used .  

I n i t i a l  c o u n t s  were made w i t h  t h e  l a r g e - a r e a  c o u n t e r  on groups of t e n  

smears a t  one t i m e .  Any s e t  of smears i n d i c a t i n g  a  r e a d i n g  above t h e  i n s t r u m e n t  

background was t h e n  counted i n d i v i d u a l l y  i n  t h e  PC c o u n t e r .  I n  a d d i t i o n ,  a t  

l e a s t  one smear from e a c h  group of t e n  was s e l e c t e d  a t  random and counted i n  t h e  

PC c o u n t e r .  A l l  smears  o f  t h e  a r e a s  o r  o b j e c t s  w i t h  e l e v a t e d  d i r e c t  r e a d i n g s  

were coun ted  i n d i v i d u a l l y  i n  t h e  PC c o u n t e r .  A more d e t a i l e d  d e s c r i p t i o n  o f  t h e  

i n s t r u m e n t s  and of t h e  c o u n t i n g  and c a l i b r a t i o n  t e c h n i q u e s  used i s  p r e s e n t e d  i n  

Appendix 1. 

A i r  Samples 

A i r - p a r t i c u l a t e  samples  were c o l l e c t e d  u s i n g  a  commercial  vacuum c l e a n e r  t o  

p u l l  a i r  t h r o u g h  f i l t e r  media (HV-70). A t o t a l  volume of 26.7  m3 of a i r  was 

sampled a t  a  f low r a t e  of 40 m3/h. A 10% p o r t i o n  ( 5  cm i n  d i a m e t e r )  was 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  b o t h  a lpha  and beta-gamma 

a c t i v i t y  i n  t h e  PC c o u n t e r .  C o n c e n t r a t i o n s  o f  radon ( 2 2 2 ~ n ) ,  and thoron  ( 2 2 0 ~ n ) ,  

and t h e  p r e s e n c e  of any  l o n g - l i v e d  a i r b o r n e  r a d i o n u c l i d e s ,  were determined based  

on t h e  r e s u l t  of s e v e r a l  c o u n t s  a t  s p e c i f i e d  i n t e r v a l s  on e a c h  sample.  



Air-particulate samples were also collected on Millipore filter media for 

40 minutes at a flow rate of approximately 1.5 m3/h. A portion of each filter 

sample was used for alpha spectral analysis to determine the actinon ('19~n) 

concentration. 

Details of the air-sampling techniques and associated calculations are 

given in Appendix 3. 

Sludge, Water, Soil, and Tile Samples 

Sludge, water, soil, and tile samples for radiochemical analysis were taken 

from several areas at the site suspected of being contaminated. All samples 

were prepared at ANL as detailed in Appendix 4 and submitted to the Analytical 

Chemistry Laboratory at ANL for radiochemical and gamma spectral analyses. 

RADIOLOGICAL SURVEY RESULTS 

Instrument and Smear Surveys 

The October 1981 post-remedial-action survey of the interior of Building 

003 indicated several areas with significant levels of radioactive contami- 

nation. Radiation levels measured were as high as 10 k dis/min-100 cm2 surface 

alpha (a) activity, 225 k dis/min-100 cm2 surface alpha-beta-gamma (apy) activity, 

125 k cts/min low-energy x and gamma (y) radiation, and 11 pR/h ambient radiation 

level at 3 ft as determined with a pR meter." The areas of contamination were 

limited to Rooms 101, 102, 180, 200, 205, and the High Bay Area (see Fig. 3). 

All other areas of the building interior were free from measurab1.e contamination. 

All measurements of ambient radiation made with the pressurized ion chamber 

(RSS-111) were at background levels. 

Some contamination (up to 500 cts/min-51 cm2 surface spy) was measured on 

the south roof (exterior) in the vicinity of the blowers. There was no con- 

tamination detected on the north roof. A detailed survey of the outside 

perimeter of the building revealed no detectable contamination. These survey 

results are delineated in Table 1. 

'\The direct measurement results presented in this report are gross readings. 
Background radiation levels have not been subtracted, nor have conversion 
factors been applied for specific radioisotopes (see Table I). 



After the October 1981 radiological survey, all areas of contamination were 

cleaned of residual radioactivity by Rockwell International personnel. The ANL 

Radiological Survey Group resurveyed those areas during April 1982, and found 

them to be free of contamination. 

Air Samples 

Short-term air samples were collected at seven locations within the build- 

ing to determine if any airborne contamination was present. These samples 

revealed Working Levels (WL) for radon (222~n) decay-product concentrations 

ranging from 0.00064 to 0.0025 ; radon (222~n) concentrations ranging from 

0.064 pCi/R to 0.25 pCi/2; thoron (220~n) concentrations ranging from 

0.0012 pCi/R to 0.015 pCi/R; and actinon (219~n) concentrations that were below 

detectable limits. These values are all well below the limit of 0.02 WL for 

average annual concentration as specified in the EPA Standard, 40 CFR 192 (see 

Appendix 6). No long-lived particulate contamination was found in any of these 

air samples. The results are presented in Table 2. The detailed calculations 

used in evaluating these samples are shown in Appendix 3. 

Sludge, Water, Soil, and Tile Samples 

Samples of the contaminated floor tiles in Room 205 (sample 10-T89) and 

Room 102 (samples 10-T90 and 10-T91) were collected for analysis. The results 

of the gamma spectral analyses indicated that the contamination was due pri- 

marily to l S 5 ~ u  in Room 205 and 137~s in Room 102. The results of the uranium 

fluorometric analyses for these samples indicated uranium concentrations of 

6.6 pg/g (10-T89), 78.6 pg/g (10-T90), and 310 pg/g (10-T91). These results are 

given in Table 3 .  

These areas were subsequently decontaminated to background levels as con- 

firmed by the ANL Radiological Survey Group in April 1982. 

A water sample was taken from the cutting mockup pit in Room 180 (sample 

10-W88) and water and sludge samples (10-W87 and 10-SS87) were taken from the 

sewer sump on the western side of the building. The water samples from the 

mockup pit and the sewer pump showed no significant contamination; however, the 

sludge sample from the sewer sump showed elevated levels of uranium. These 

results are included in Table 3. One sample (10-SS87) contained 314 pg of 



uranium (30.7 pg U/g solids). Mass spectrometric analysis of this uranium 

indicated that the material was slightly enriched in the 235 isotope (1.03% 2 3 5 ~  

versus 0.72% 2 3 5 ~  for normal uranium). 

The presence of enriched uranium in the sewer sump rendered all sewer lines 

suspect. It was decided by Rockwell International to remove the sewer lines 

within Building 003. Prior to backfilling, the trench where the sewer lines 

were located was surveyed and nine soil samples (10-S116 through 10-S124) were 

collected for analysis. The location of the trench and the spots where the soil 

samples were taken are shown in Figure 4. These soil samples were analyzed for 

13?Cs, 2 3 2 ~ h  decay chain, 226~a decay chain, and 6 0 ~ o  by gamma spectral analysis; 

for uranium by laser fluorometry; and for g O ~ r  by radiochemical analysis. No 

significant levels of radioactive contaminants were found in the soil samples, 

and the direct survey measurements indicated background levels of radiation (see 

Table 3). 

CONCLUSIONS 

The final radiological survey conducted by the ANL Radiological Survey 

Group in April 1982, following further decontamination by Rockwell International, 

indicated that both the interior and the exterior of Building 003 are free from 

radioactive contamination. The criteria specified for the release of facilities 

for unrestricted use as promulgated by the U.S. Nuclear Regulatory Commission 

(see Appendix 6) have been met. Hence, this building is suitable for unre- 

stricted use. The adjacent land surfaces immediately around the perimeter of 

the building are also certified to be free from contamination. 

Air samples taken within the building certify that the radon (222~n) con- 

centration is well below the limit (0.02 WL) prescribed by the Environmental 

Protection Agency (see Appendix 6). 

The sewer lines exterior to the building should be considered potentially 

contaminated with radionuclides and, therefore, subject to restricted use. This 

restriction should include proper health physics control and suitable disposal 

of any material associated with these sewer lines. Effluent from the outfall of 

this sewer system should be periodically monitored for radionuclides. 
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TABLE 1 
DATA SHEET OF AREA SURVEYS 

Room or 
Area No. 

180 

205 #l 

11 2 

1/ 3 

1k 4 

If5 

H o t  
Speaker  

H i g h  B a y  

11 1 

K2 

165 ,  
B r i c k s  

101  

102 

'ercent of Arei 
Accessible  
for Survey 

Floor Wall 

90 

9 0 

90  

N A 

90  

90 

Air 
Sample 

(WL) 

PAC 4G-3 
Direct ~ e a d i n ~ s ~  
(d idmin-100  cm2) 
Beta 

BKGD 

225 k 

100 k 

12 k 

8 k 

15 k 

10 k 

BKGD 

BKGD 

2 k 

40 k 

15 k 

Alpha 

BKGD 

400 

300 

100 

450 

45 0 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

10 k 

End 
Window 

GM 
(mR/h) 
2ontact 

14  

- 

0 . 0 4  

0 . 1  

0 . 0 4  

- 

BKGD 

BKGD 

BKGD 

BKGD 

0 . 0 8  

PRM-7 
(pR/h) 

1 meter 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

11  

5 k 

45 k 

18 k 

3 . 5  k 

3 k  

BKGD 

125 k 

6 k 

17 k 

8 k  

4 k 

4 k  

imear Results 
(d idmin-  
100 cm2) 

NCD 

NCD 

NCD 

NCD 

NCD 

NCD 

NCD 

NCD 

NCD 

NCD 

NCD 
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TABLE 2 

RADON-CONCENTRATION DETERMINATIONS -- 

Radon Tho ron  
Sample ( 2 2 2 ~ n ) ,  ( 2 2 0 ~ n ) ,  
Number L o c a t i o n  W L ~  pCi /a  pCi/Q 

1 Room 158 0 .0012  0 . 1 1 2  0 . 0 0 6 2  

Room 180 0 .00064  0 . 0 6 4  0 . 0 0 8 1  

Room 205 0 .0014  0 .138  0 .015  

Room 101  0 .0019  0 . 1 9 0  0 .0079 

Room 1 2 0 ,  0 .0018  0 .179  0 .0041  
C o r r i d o r  

Room 116 0 .0015  0 .148  0 .0012  

10  1 0 2 ,  V a u l t  0 .0025  0 .248  

-1- 

a  
A Working Leve l  (WL) i s  d e f i n e d  i n  10  CFR 712 a s  any combinat ion of 
s h o r t - l i v e d  radon-daughter  p r o d u c t s  i n  1 l i . t e r  o f  a i r  t h a t  w i l l  
r e s u l t  i n  t h e  u l t i m a t e  e m i s s i o n  of 1 . 3  x  10' MeV of p o t e n t i a l  a l p h a  
e n e r g y .  The numer ica l  v a l u e  o f  t h e  WL i s  d e r i v e d  from t h e  a l p h a  
energy  r e l e a s e d  by t h e  t o t a l  decay t h r o u g h  RaC' o f  t h e  s h o r t - l i v e d  
radon-daughte r  p r o d u c t s ,  RaA, RaB, and RaC a t  r a d i o a c t i v e  e q u i l i b r i u m  
w i t h  100 pCi o f  2 2 2 ~ n  p e r  l i t e r  o f  a i r .  

These WL v a l u e s  r e p o r t e d  above a r e  a l l  below t h e  l i m i t  o f  0 . 0 2  WL f o r  
a v e r a g e  a n n u a l  c o n c e n t r a t i o n  a s  s p e c i f i e d  i n  t h e  EPA S t a n d a r d  
( 4 0  CFR 1 9 2 ) .  

; > A i r  samples  7 ,  8 ,  9 ,  and 1 1 ,  were " a c t i n o n "  samples and showed no 
measurab le  a c t i v i t y  ( s e e  Appendix 3 ) .  
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APPENDIX 1 

INSTRUMENTATION 

I. PORTABLE RADIATION SURVEY METERS 

A. Gas-Flow Proportional Survey Meters 

The Eberline PAC-4G-3 was the primary instrument used for surveying. This 
instrument is a gas-flow proportional counter which utilizes a propane gas- 
proportional detector, 51 cm2 (PAC-4G-3) or 325 cm2 (FM-4G) in area, with a thin 
double-aluminized Mylar window (- 0.85 mg/cm2). 

Since this instrument has multiple high-voltage positions, it can be used 
to distinguish between alpha and beta-gamma contamination. This instrument was 
initially used in the beta mode. In the beta mode, the detector responds to 
alpha and beta paticles and x- and gamma-rays. When areas indicated a higher 
count rate than the average instrument background, the beta-mode reading was 
recorded, and the instrument was then switched to t.he alpha mode to determine 
any alpha contribution. In the alpha mode, the instrument responds only to 
particles with high-specific ionization. This instrument is calibrated in the 
alpha mode with a flat-plate infinitely-thin NBS traceable 239P~ standard, and 
in the beta mode with a flat-plate infinitely-thin NBS traceable stan- 
dard. The PAC-4G-3 instruments are calibrated to an apparent 50% detection 
efficiency. 

B. Beta-Gamma End Window Survey Meter 

When an area of contamination was found with a PAC instrument, a reading 
was taken with an Eberline Beta-gamma Geiger-Mueller Counter Model E-530 with a 
HP-190 probe. This probe has a thin mica end window and is, therefore, sen- 
sitive to alpha and beta particles and x- and gamma-rays. A thin piece of 
aluminum is added to the mica, thus making the window density -7 mg/cm2. At 
this density the instrument is not sensitive to alpha particles. A maximum 
reading is obtained with the probe placed in contact with the area of con- 
tamination. In this position, the response (in mR/h) to gamma radiation is 
generally conservative relative to a determination of mrad/h at 1 cm; however, 
the response (in mR/h) to beta radiation is nonconservative by a factor of up to 
abour four relative to a determination of rnard/h through 7 mg/cm2. Another 
reading is obtained with the probe held 1 m from the contaminated area. This 
instrument is calibrated in mR/h with a 226~a standard source. 

C .  Low Energy Gamma Scintillation Survey Meter 

An Eberline Model PRM-5-3 with a PG-2 gamma scintillation detector was 
used to determine low energy x and gamma radiation. The PG-2 detector consists 
of a thin NaI(TE) scintillation crystal 5 cm in diameter by 2 rnm thick. This 
instrument is calibrated on three separate discriminators for three energy 
regions using 239~u (17 keV), 241~m (59.5 keV) and 2 3 5 ~  (185.7 keV) sources. 
This instrument can be operated in either a differential (to discriminate between 
different energy regions) or integral mode. 
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D .  High Energy Micro "R" S c i n t i l l a t i o n  Survey Meter 

An E b e r l i n e  Micro "R" me te r  model PRM-7 was used t o  d e t e c t  high-energy 
gamma r a d i a t i o n .  T h i s  i n s t r u m e n t  c o n t a i n s  an i n t e r n a l l y  mounted NaI(T2) s c i n -  
t i l l a t i o n  c r y s t a l  2 . 5  cm i n  d i a m e t e r  by 2 .5  cm t h i c k  and can be  used f o r  measuring 
f i e l d s  of l o w - l e v e l  r a d i a t i o n  between 10 pR/h and 5000 vR/h. T h i s  ins t rument  i s  
a l s o  c a l i b r a t e d  w i t h  a  226Ra s t a n d a r d  s o u r c e .  

E .  I n t e g r a t i n g  R a d i a t i o n  Meter 

I n  a d d i t i o n  t o  t h e  PRM-7, a  p r e s s u r i z e d  i o n  chamber ( R e u t e r  Stokes  Model 
RSS-111) was used a t  s e l e c t e d  l o c a t i o n s  t o  determine t h e  ambient  r a d i a t i o n  
f i e l d .  The RSS-111 has  t h r e e  o u t p u t  modes; (1 )  i n s t a n t a n e o u s  exposure  r a t e ,  ( 2 )  
s t r i p  c h a r t  d i f f e r e n t i a l  r e a d o u t ,  and (3) i n t e g r a t e d  e x p o s u r e .  T h i s  ins t rument  
i s  mounted on a  t r i p o d ,  3 f t  (- 1 m) above t h e  s u r f a c e  and has  a  uniform energy 
response  from about  0 . 2  MeV t o  a b o u t  4  MeV. A 3-h p e r i o d  o f  o p e r a t i o n  i s  u s u a l l y  
s u f f i c i e n t  t o  o b t a i n  s i g n i f i c a n t  d a t a .  

11. SMEAR COUNTING INSTRUMENTATION 

An ANL-designed gas - f low p r o p o r t i o n a l  d e t e c t o r  connec ted  t o  an  E b e r l i n e  
Mini S c a l e r  Model MS-2 was used t o  coun t  m u l t i p l e  smears s i m u l t a n e o u s l y .  T h i s  
d e t e c t o r  has  a  double-a luminized Mylar window (400 cm2) and u s e s  P-10 (90% argon 
and 10% methane) a s  t h e  coun t ing  g a s .  The meta l  sample h o l d e r  f o r  t h i s  d e t e c t o r  
has  been machined t o  ho ld  t e n  smear p a p e r s .  Th i s  p a r t i c u l a r  sys tem c o n s i s t s  of 
two Mini S c a l e r s  and two d e t e c t o r s .  One i s  used f o r  c o u n t i n g  i n  t h e  a lpha  mode; 
t h e  o t h e r  i s  used i n  t h e  b e t a  mode. Up t o  t e n  samples can be counted s imul-  
t a n e o u s l y .  

Any smear t a k e n  from a  con tamina ted  a r e a  was counted i n d i v i d u a l l y  i n  a  
Nuclear  Measurements C o r p o r a t i o n  PC-5 gas-flow p r o p o r t i o n a l  c o u n t e r .  T h i s  
i n s t r u m e n t  h a s  been modi f i ed  t o  c o n t a i n  a  double-a luminized Mylar spun t o p .  
Th is  t o p  i s  p l a c e d  o v e r  non-conduct ing media ( e . g .  p a p e r  smears)  t o  nega te  t h e  
d i e l e c t r i c  e f f e c t  on t h e  c o u n t e r .  T h i s  c o u n t e r  a l s o  u s e s  P-10 coun t ing  g a s .  
Smears a r e  counted i n  b o t h  t h e  a l p h a  and b e t a  modes. T h i s  i n s t r u m e n t  i s  c a l i -  
b r a t e d  by d e t e r m i n i n g  t h e  i n p u t  s e n s i t i v i t y  u s i n g  an a l p h a  s o u r c e .  

111. AIR SAMPLING DEVICE 

A i r  samples were c o l l e c t e d  u s i n g  a  commercially a v a i l a b l e  (ANL-modified 
f i l t e r  queen)  vacuum c l e a n e r  i d e n t i f i e d  a s  a  " P r i n c e s s  Model." The a i r  was 
drawn t h r o u g h  a  f i l t e r  media a t  a  f low r a t e  o f  40 m3/h. The f i l t e r  media c o n s i s t  
of 200 cm2 s h e e t s  o f  Hollingsworth-Vose (HV-70 o r  LB5211-9 m i l )  f i l t e r  p a p e r .  
The c o l l e c t i o n  e f f i c i e n c y  a t  t h e s e  f low r a t e s  f o r  0 .3-micron p a r t i c l e s  i s  abou t  
99.9%. 

A s e p a r a t e  a i r  sample can  b e  t a k e n  w i t h  a  p o s i t i v e  d i sp lacement  pump 
drawing a b o u t  20 l i t e r s / m i n  t h r 0 u g h . a  m i l l i p o r e  (0.5 t o  0 . 8  micron)  f i l t e r  paper  
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for about one hour. An alpha spectrum can be measured from a section of this 
filter paper. The ratio of actinon (219~n - 6.62 MeV ct AcC) to radon (222~n - 
7.69 MeV 0 RaC') can be determined from this spectrum. 

IV. GAMMA SPECTRAL INSTRUMENTATION 

A Nuclear Data Multichannel Analyzer Model ND-100, utilizing a 7.6-cm- 
diameter by 7.6-cm-thick NaI(TR) scintillation crystal is commonly used for 
determining gamma spectrum. This instrument is calibrated with NBS traceable 
gamma sources. Samples from contaminated areas were analyzed using this sytem 
and the contamination radionuclides were identified. 

Hyperpure Germanium detectors (ORTEC - 17% efficiency right-circular 
cylinders) were used when more sophisticated gamma-ray analyses were required. 
These detectors are coupled to Nuclear Data Multichannel Analyzers (Models 
ND-60, ND-66 or ND-100). 



APPENDIX 2 

CONVERSION FACTORS -- 

I. INSTRUMENTATION 

The factors used to convert the instrument readings to units of disintegra- 
tions per minute per 100 cm2 (dis/min-100 cm2) and the derivation of those 
factors are listed below. 

A. Conversion Factors 

PAC-4G-3 
Al~ha Beta 

cts/min to dis/min 
for 9 0 ~ r - 9 0 ~  

cts/min to dis/rnin for 2 3 9 ~ ~  2 - 

cts/min to dis/min for 
normal U 

cts/min to dis/rnin 226~a 
plus daughters 

B. Derivation of Conversion Factors 

. Floor Monitor 

Floor 
Monitor (FM-4G) 
Alpha - Beta 

Window Area: - 325 cm2 
Conversion to 100 cm2 = 0.31 times Floor Monitor readings 

Window Area: - 51 cm2 
Conversion to 100 cm2 = 1.96 times PAC reading 

- 2~ Internal Gas-Flow Counter, PC counter 

Geometry: Solid Steel Spun Top - 0.50 

Geometry: Mylar Spun Top - 0.43 
Mylar spun top counting (double-aluminized Mylar window 
(- 0.85 mg/cm2)) 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 dielec- 
tric effect in counting samples on nonconducting media. 
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Using a  f l a t - p l a t e ,  i n f i n i t e l y  t h i n  2 2 6 ~ a  p l u s  s h o r t - l i v e d  d a u g h t e r s  s t a n -  
dard  a s  a  source  o f  a l p h a  e m i s s i o n s ,  t h e  p l a t e  was counted i n  t h e  w e l l  of a  2n 
I n t e r n a l  Gas-Flow Counter  (PC c o u n t e r )  w i t h  t h e  s o u r c e  l e v e l e d  t o  a n  a p p a r e n t  2n 
geometry. Th is  i n s t r u m e n t  was c a l i b r a t e d  u s i n g  2 3 9 ~ u  NBS t r a c e a b l e  a l p h a  s o u r c e s .  
The a lpha  coun ts  p e r  minu te  ( c t s / m i n )  r e a d i n g  was found t o  be 1 . 8  x l o 4  c t s / m i n ,  
o r  1 . 8  x 104 + 0.51" = 3 .5  x l o 4  d i s i n t e g r a t i o n s  p e r  minute ( d i s / m i n )  a l p h a .  
S ince  t h e  s o u r c e  was i n f i n i t e l y - t h i n ,  t h e  a l p h a  component was used a s  t h e  t o t a l  
a lpha  d i s / m i n  of t h e  s o u r c e .  

The same 2 2 6 ~ a  p l u s  d a u g h t e r s  s o u r c e ,  when counted w i t h  t h e  PAC ins t rument  
i n  t h e  a l p h a  mode, was found t o  be  2 . 2  x l o 4  c t s / m i n  a t  c o n t a c t .  The convers ion  
f a c t o r  f o r  c t s / m i n  t o  d i s / m i n  f o r  t h e  PAC i n s t r u m e n t  i s  3.5 x l o 4  + 2 . 2  x l o 4  = 
1 . 6  d i s / m i n  a lpha  t o  c t s / m i n  a l p h a .  

The same s o u r c e  was covered w i t h  two l a y e r s  of conduc t ing  p a p e r ,  each  6 .65  
mg/cm2, t o  absorb  t h e  a l p h a  e m i s s i o n s .  With t h e  PAC-4G-3 i n  t h e  b e t a  mode and 
i n  c o n t a c t  w i t h  t h e  covered  s o u r c e  i n  t h e  c e n t e r  o f  t h e  p robe ,  t h e  count  was 
found t o  be  7 . 5  x l o 3  c t s / m i n .  T h i s  i n d i c a t e s  a  c o n v e r s i o n  f a c t o r  of 3 . 5  x l o 4  f 
7 . 5  x l o 3  = 4 . 7  d i s / m i n  a l p h a  t o  c t s / m i n  beta-gamma. 

A s i m i . l a r  method was used t o  de te rmine  t h e  convers ion  f a c t o r s  f o r  normal. 
uranium. 

11. SMEAR COUNT 

The convers ion  f a c t o r s  f o r  c ts /min-100 cm2 t o  dis/min-100 cm2 f o r  smear 
c o u n t s  a r e  g iven  below: 

A .  Convers ion E q u a t i o n  (Alpha) 

c t s j m i n  - (Bkgd) 
= d i s / m i n  a 

g x bf  x s a  x waf 

A geometry ( g )  o f  0 . 4 3  i s  s t a n d a r d  f o r  a l l  f l a t - p l a t e  c o u n t i n g  u s i n g  
t h e  Mylar spun t o p .  

A b a c k s c a t t e r  f a c t o r  ( b f )  o f  1 . 0  was used when de te rmin ing  a l p h a  a c t i -  
v i t y  on a  f i l t e r  media.  

The s e l f - a b s o r p t i o n  f a c t o r  ( s a )  was assumed t o  be 1,  u n l e s s  o t h e r w i s e  
de te rmined .  

;?The v a l u e  o f  0 . 5 1  i n c l u d e s  t h e  f o l l o w i n g  f a c t o r s :  geometry (g )  = 0 . 5 0 ;  back- 
s c a t t e r  f a c t o r  ( b f )  = 1 . 0 2 ;  sample a b s o r p t i o n  f a c t o r  ( s a )  = 1 . 0 ;  window a i r  
f a c t o r  (waf) = 1 . 0 .  The p r o d u c t  o f  g x b f  x s a  x waf i s  0 . 5 1 .  
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I f  t h e  e n e r g i e s  o f  t h e  i s o t o p e  were known, t h e  a p p r o p r i a t e  window a i r  
f a c t o r  (waf)  was used ;  i f  t h e  e n e r g i e s  of t h e  i s o t o p e s  were n o t  known, 
t h e  ( w a f j  of 2 3 9 ~ u  (0 .713)  was used .  

The (waf) f o r  a l p h a  from 2 2 6 ~ a  p l u s  daughte r s  i s  0 .55 

B .  Convers ion E q u a t i o n  (Be ta )  - 

c t s / m i n  - ( f 3  Bkgd ( c t s / m i n )  + O! c t s m  
= disjmin 

g  x bf  x s a  x waf 

A geometry ( g )  of 0 . 4 3  i s  s t a n d a r d  f o r  a l l  f l a t - p l a t e  coun t ing  u s i n g  
t h e  Mylar spun t o p .  

A b a c k s c a t t e r  f a c t o r  ( b f j  of 1.1 was used when de te rmin ing  b e t a  
a c t i v i t y  on a  f i l t e r  media.  

A s e l f - a b s o r p t i o n  f a c t o r  ( s a )  was assumed t o  be  1 ,  u n l e s s  o t h e r w i s e  
de te rmined .  

I f  t h e  e n e r g i e s  o f  t h e  i s o t o p e s  were known, t h e  a p p r o p r i a t e  window a i r  
f a c t o r  (waf) was used ;  i f  t h e  e n e r g i e s  of t h e  i s o t o p e s  were unknown, 
t h e  (waf) o f  9 0 ~ r - 9 0 ~  (0 .85)  was used.  

The (waf)  f o r  b e t a s  from 2 2 6 ~ a  p l u s  d a u g h t e r s  i s  0 .85  
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RADON-DETERMINATION CALCULATIONS 

Calculations for air samples collected with an Argonne National Laboratory- 
designed air sampler using KV-70 or LB5211 filter media are summarized in this 
appendix. The appendix also includes the basic assumptions and calculations 
used to derive the air concentrations. 

I. RADON CONCENTRATIONS 

The following postulates are assumed in deriving the radon (222~n) concen- 
trations based on the RaC' alpha count results. 

A. 

B. 

C. 

D. 

E. 

I;. 

G. 

H. 

I. 

3. 

K .  

The 

RaA, RaB, RaC, and RaC' are in equilibrium. 

RaA is present only in the first count and not the 100-minute decay 
count. 

One-half of the radon progeny is not adhered to airborne particulates 
(i.e., unattached fraction) and, therefore, is not collected on the 
filter media. 

The geometry factor (g) is 0.43 for both the alpha and beta activity. 

The backscatter factor (bf) of 1.0 is used for the alpha activity. 

-. 
lhe sample absorption factor (sa) for RaCt is 0.77. 

The window air factor (waf) for RaCt is 0.8. 

RaB and RaC, being beta emitters, are not counted in the alpha mode. 

The half-life of the radon progeny is approximately 36 minutes, based 
on the combined RaB and RaC half-lives. 

Thoron and long-lived alpha emitters are accounted for using the 360 
count and the seven-day count, respectively. 

For all practical purposes, RaC' decays at the rate of the composite 
of RaB and RaC, which is about 36 minutes. 

following postulates are assumed in deriving the thoron (220~n) con- 
centrations. 

L .  ThA, ThB, ThC and ThC' are in equilibrium. 

M. ThA and RaC' have decayed by the 360-minute decay count. 



APPENDIX 3  
(cont'd. ) 

N. The geometry factor (g), backscatter factor (bf), sample absorption 
factor (sa) and window air factor (waf) are all the same for thoron 
as for radon. 

0. ThB and 64% of ThC, being beta emitters, are not counted in the alpha 
mode. 

P. The half-life of the thoron progeny is 10.64  hours ( 6 3 8 . 4  minute) 
based on the ThB half-life. 

Q .  For all practical purposes 36% of the ThC (alpha branch) and the ThC' 
decay at the decay rate of ThB which is 6 3 8 . 4  minute. 

R .  The counter does not differentiate between the ThC alphas and the 
ThC' alphas. 

The following postulates are assumed in deriving the actinon (219~n) 
concentrations. 

S. AcA, AcB and AcC are in equilibrium. 

T. AcA has decayed by the 100 minute decay count. 

U. The geometry (g), backscatter (bf), sample absorption (sa) and window 
air factor (waf) factors are all the same for actinon as for radon. 

V .  AcB, being a beta emitter, is not counted in the alpha mode. 

W. The half-life of the actinon progeny is 3 6 . 1  minutes based on the AcB 
half-life. 

X. For all practical purposes, the AcC decays at the decay rate of AcB 
which is 3 6 . 1  minutes. 

Y .  84% of the AcC decays by 6 . 6 2  MeV a emissions and 16% decays by 
6.28 MeV CY emissions. 

The following postulate is assumed in deriving the long-lived concentra- 
tion. The long-lived activity, as determined from the seven-day count, is 
assumed to be constant during the entire counting periods. This assumption 
is valid for isotopes with half-lives longer than a few years. 

11. EQUATIONS USED TO DERIVE AIR CONCENTRATIONS 

Where : A = Activity (dis/min) present at the end of the 
0 

sampling period (usually 40 minutes) 
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A = Activity (dis/min) at some time, t, after end of 
the sampling period 

t = Time interval (minute) from end of sampling period 
to counting interval (usually 100 minutes) 

t = Half-life of isotope (min) 
+? 

Concentration is determined by the equation: 

Where : C = Concentration (dis/min-m3) 

A = Activity on filter media at end of sampling 
0 

period (dis/min) 

f = Sampling rate (m3/min = m3/h x 1 h/60 minutes) 

t = Length of sampling time (minute) 
s 

t = Half-life of isotope or controlling parent (minute) 
?z 

111. ACTINON CORRECTION 

Since the actinon (219~n) progeny (AcA, AcB & AcC) decays at the AcB 
half-life of 36 minutes it cannot be distinguished from the radon (222~n) progeny 
using standard air sampling with KV-70 or 2B5211  filter media and standard alpha 
counting techniques. A positive displacement pump is used to collect a sample 
on millipore (0.5 to 0.8 micron) filter media. The sample rate is approximately 
20 liters/minute for a sampling time of at least 90 minutes. The center portion 
of the sample is removed and counted in an alpha spectrometer which exhibits the 
6.62 MeV AcC alpha emissions and the 7 . 6 9  MeV RaC' alpha emissions. If these 
two peaks are observed in the spectrum, then the following calculations are 
performed: 
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Where: B .  = summation o f  n  channe l s  under peak j .  
J 

b . . =  t h e  number o f  c o u n t s  i n  channel  i of peak j 
1J 

j = 1 f o r  t h e  6 .62  MeV peak of a c t i n o n ;  2  f o r  t h e  7 .69  MeV peak of 
radon.  

n = t o t a l  number o f  channe l s  i n  t h e  summation. 

The f r a c t i o n  o f  t h e  a c t i v i t y  w i t h  a  36-minute h a l f - l i f e  due t o  a c t i n o n  and radon 
a r e  t h e n :  

Ac t inon  = 
B1/O. 84+$ 

Radon = - 
B2 

R 1 / O .  84+B 2  

where 1 r e f e r s  t o  a c t i n o n  progeny and 2  r e f e r s  t o  radon progeny.  

I V  . EXAMPLE CALCULATION 

Data  have been c r e a t e d  t o  cor respond  t o  v a l u e s  l i k e l y  t o  occur  i f  a l l  
p o s s i b l e  t y p e s  o f  con tamina t ion  a r e  p r e s e n t  i n  t h e  a i r  o f  a  room where a  sample 
i s  c o l l e c t e d .  The a p p l i c a t i o n  o f  t h e  e q u a t i o n s  f o r  de te rmin ing  a l l  t y p e s  of 
a c t i v i t y  and t h e i r  c o n c e n t r a t i o n s  a r e  g i v e n  below. 

Data f = 40 m3/60 min 
a t  t = 100 min 
a t  t = 360 min 
a t  t = 7 days 

For l o n g - l i v e d  a c t i v i t y :  

t = 40 min 
s 

A = 2000 d i s /min  
A = 140 d i s / m i n  
A = 5 d i s /min  
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For thoron: 

0.693 
x- = 7.6 dis/min-m3 

C(Tn) = 199.6 638.4 x 1 
40/60 - 0.693 x 40 

1 - exp 
638.4 

For radon (222~n) and actinon (219~n), activity due to thoron at t = 100 min: 

A = 135 
0.693 x 260 

= 179 dis/min 
exp - 

638.4 

Activity due to the isotopes with a 36 minute half-life: 

A = 1816 = 12,454 dis/min 
0 

exp - 0.693 x 100 
36 

0.693 
C(36) = 12,454 

X------- 
36 x 1 = 669.7 dis/min-m3 

40/60 -0.693~40 
1 - exp 

3 6 

When an actinon peak is seen at' 6.62 MeV, then the counts under the two peaks 
are summed. For example, if 10 channels are s u e d ,  the following counts are 
found : 

For 6.62 MeV peak: 44 in 10 channels, where the 6.62 alpha 
emissions are 84% of the total. 

For 7.69 MeV peak: 601 counts in 10 channels, where the 7.69 MeV 
alpha emissions are 100% of the total. 
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B = 44 
1 

B 10.84 = 52 counts 
1 

B = 601 counts 
2 

Actinon = 52/653 = 0.08 

Radon = 6011653 = 0.92 

Since we assume that on the average half of the progeny is not adhered to the 
airborne particulates, the above concentrations are then multiplied by 2 to 
determine actual concentrations. We assume that there is no unattached fraction 
for the long-lived activity. 

C actual = C measured x progeny correction factor 

C (L) = 0.19 dis/min-m3 

These would then be the resulting concentrations in dis/rnin-m3. To convert to 
pCi/Q, divide the concentrations by 2.2 x lo3. 

15.2 dis/min-m3 
C (Tn) = = 0.0068 pCi/Q 

2,220 di~/rnin-m~/~~i/Q 

C (An) = 107.2 dis/min-m3 = 0.048 pCi/Q 
2,220 d i ~ / m i n - m ~ / ~ ~ i / Q  

C (Rn) = 1232 dis/min-m3 = 0.55 pCi/Q 
2,220 d i ~ / m i n - m ~ / ~ ~ i / Q  
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SAMPLE PREPARATION ANALYSIS GENERIC PROTOCOL 

I . SOIL-SAMPLE PREPARATION 

Soi.1 samples a r e  a c q u i r e d  a s  p r e v i o u s l y  d e s c r i b e d .  These  samples a r e  
bagged and i d e n t i f i e d  a t  t h e  c o l l e c t i o n  s i t e  and r e t u r n e d  t o  ANL. I f  t h e r e  i s  
an  i n d i c a t i o n  of r a d i o a c t i v e  c o n t a m i n a t i o n ,  t h e  sample i s  s e a l e d  i n  a  Nalgene 
j a r .  A t  ANL, t h e  s o i l  samples  a r e  logged i n t o  t h e  s o i l  sample book and weighed. 
Each s o i l  sample i s  weighed (on a  t a r e d  b a l a n c e  s c a l e )  and t h e  we igh t  i s  marked 
on t h e  c o n t a i n e r .  Th i s  we igh t  i s  recorded  i n  t h e  s o i l  book a s  a  " n e t  weight."  

A f t e r  a l l  samples a r e  marked, weighed, and r e c o r d e d ,  t h e y  a r e  d r i e d .  Each 
sample i s  p l a c e d  i n  a pyrex  b e a k e r  marked w i t h  t h e  sample i d e n t i f i c a t i o n  number. 
If more t h a n  one b e a k e r  i s  n e c e s s a r y ,  a d d i t i o n a l  numbers ( e . g . ,  1-3 ,  2-3,  3-31 
a r e  u s e d .  The o r i g i n a l  c o n t a i n e r s  a r e  saved f o r  repackag ing  t h e  d r i e d  samples.  
The b e a k e r  i s  s e t  i n  an  80°C oven u n t i l  t h e  s o i l  i s  d r y  ( a p p r o x i m a t l e y  48 h o u r s ) .  
V i s u a l  i n s p e c t i o n  o f  t h e  s o i l  i s  s u f f i c i e n t  t o  de te rmine  when t h e  s o i l  i s  d r y .  
The sample i s  r e t u r n e d  t o  t h e  o r i g i n a l  c o n t a i n e r  and reweighed u s i n g  a  t a r e d  
b a l a n c e  s c a l e .  T h i s  we igh t  i s  a l s o  marked on t h e  c o n t a i n e r  and i n  t h e  s o i l  
sample book where i t  i s  r e f e r r e d  t o  a s  a  "dry weigh t . "  

A f t e r  a l l  t h e  samples a r e  r e t u r n e d  t o  t h e i r  o r i g i n a l  c o n t a i n e r s ,  t h e  m i l l i n g  
p r o c e s s  i s  s t a r t e d .  Each d r i e d  sample i s  t r a n s f e r r e d  t o  a  2 . 3 - g a l l o n  ceramic 
m i l l  j a r  c o n t a i n i n g  m i l l  b a l l s  (1%" x  1%" Burundum c y l i n d e r s ) .  The m i l l  j a r  
number i s  marked on t h e  o r i g i n a l  c o n t a i n e r .  The j a r s  a r e  s e a l e d  and t h e  samples 
a r e  m i l l e d  f o r  two hours  o r  u n t i l  s u f f i c i e n t  m a t e r i a l  i s  produced t o  o b t a i n  
100 g  and 5 g  samples f o r  a n a l y s e s .  The samples a r e  m i l l e d  s i x  a t  a  t ime.  A 
second s e t  o f  s i x  j a r s  i s  p r e p a r e d  w h i l e  t h e  m i l l i n g  o f  t h e  f i r s t  s e t  i s  proceed-  
i n g .  A f t e r  each  sample i s  m i l l e d ,  t h e  m i l l  b a l l s  a r e  removed w i t h  tongs  and 
p l a c e d  i n  a  t r a y .  A l a r g e  p l a s t i c  bag i s  i n v e r t e d  over  t h e  m i l l  j a r .  Both a r e  
i n v e r t e d  and shaken u n t i l  a l l  t h e  s o i l  i s  t r a n s f e r r e d  t o  t h e  bag.  I f  t h e  s o i l  
p l a t e s  t h e  i n s i d e  o f  t h e  m i l l  j a r ,  a  s m a l l  p a i n t  b r u s h  i s  used t o  loosen  t h e  
s o i l  b e f o r e  t h e  j a r  i s  i n v e r t e d .  A s e p a r a t e  b rush  i s  used f o r  e a c h  j a r  t o  
p r e v e n t  c r o s s - c o n t a m i n a t i o n  o f  t h e  s o i l  samples .  

A f t e r  m i l l i n g ,  e a c h  sample i s  s i e v e d  through a  number 30 s t a n d a r d  t e s t i n g  
s i e v e  (600 micron) and t r a n s f e r r e d  t o  a  12" x  12" z i p l o c k  bag .  Rocks and d r o s s  
a r e  bagged s e p a r a t e l y .  The bags  a r e  marked w i t h  t h e  sample number, t h e  s i e v e  
number and R( rocks )  o r  S ( s o i 1 ) .  The b a l a n c e  i s  t a r e d  and t h e  we igh t s  of t h e  
s o i l  ( o r  r o c k s )  a r e  measured and recorded  i n  t h e  s o i l  sample book. A 100-g 
sample  o f  t h e  s i e v e d  m a t e r i a l  i s  t r a n s f e r r e d  t o  a  4-02. Nalgene b o t t l e .  These 
samples  a r e  ana lyzed  by s u i t a b l e  a n a l y t i c a l  t e c h n i q u e s ,  i n c l u d i n g ,  a s  a minimum, 
gamma s p e c t r o s c o p y  (GeLi) and r a d i o c h e m i c a l  a n a l y s e s  f o r  uranium. A 5-g sample 
o f  t h e  s i e v e d  m a t e r i a l  i s  t r a n s f e r r e d  t o  a  1-02 Nalgene b o t t l e .  T h i s  sample i s  
used  f o r  t h e  d e t e r m i n a t i o n  of uranium by l a s e r  f l u o r o m e t r y .  The b o t t l e s  con- 
t a i n i n g  t h e s e  weighed samples  a r e  marked w i t h  sample number and d a t e  and t h i s  
i n f o r m a t i o n  i s  recorded  i n  t h e  s o i l  sample book. The r o c k s  (and d r o s s )  and 
remain ing  s o i l  a r e  p l a c e d  i n  s t o r a g e .  



APPENDIX 4 
(cont ' d. ) 

The sieves, mill jars, and Burundum milling balls used in this work are 
classified in two sets. One set is used for background samples exclusively. 
The other set is used for all samples from suspect areas. Soil samples with 
elevated levels of radioactivity based on instrument measurements are milled in 
one-gallon Nalgene bottles using Burundum balls from the set used for suspect 
samples. After use, these balls are either decontaminated (see below) or 
disposed of as radioactive waste. The Nalgene bottles are always disposed of as 
radioactive waste. The sieves used for these samples are also from the set used 
for suspect samples and are decontaminated after use. 

11. EQUIPMENT DECONTAMINATION 

The care of the milling apparatus is as important as the actual sample 
preparation. Proper care prevents cross-contamination of successive samples. 
The beakers used to dry the samples are washed thoroughly by placing a small 
amount of Haemo-Sol in each beaker and filling with warm water. The beaker is 
then scrubbed thoroughly on the inside and scoured on the outside with scouring 
powder. The beakers are then rinsed with tap water (three times) followed by 
demineralized water (three times) and finally dried thoroughly before reuse. 

The milling apparatus (tongs, brushes, milling jars, lids and milling 
balls) are rinsed. The tongs and brushes are washed thoroughly with Haemo-Sol. 
Eight Burundum balls are returned to each milling jar along with about one pint 
of clean road gravel, one spoon of Haemo-Sol, one spoon of scouring powder with 
bleach, and one quart of water. The lid is tightened on the jar and the jar is 
placed on the rolling mill and rolled for approximately two hours or until the 
balls and the inside of the jar appear to be physically clean. After this time, 
the mill jar is removed from the rolling mill and its contents are dumped into a 
screen or basket. The lid and balls are then rinsed thoroughly three times with 
tap water followed by three times with demineralized water. The inside of the 
jar is rinsed until it is absolutely clean. The milling apparatus is air dried 
using warm air until absolutely dry. Air is blown through a hose from the oven 
to the inside of the ceramic jar to dry the jar. 

The sieves are rinsed, washed in Haemo-Sol, thoroughly rinsed (three times 
with tap water, followed by three rinses with demineralized water) and then air 
dried as above before reuse. 

111. WATER AND SLUDGE 

Water samples are collected in 0.1-liter, 0.5-liter and/or 1-liter quanti- 
ties as deemed appropriate. These samples are forwarded directly to a certified 
radiochemistry laboratory for preparation and analysis. The customary analysis 
procedure consists of filtration to obtain the suspended solids followed by 
evaporation to obtain the dissolved solids. Both suspended and dissolved solids 
are analyzed by appropriate radiochemical analytical techniques. 
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Sludge samples are collected in 0.1-liter bottles and are processed as 
outlined above for water samples. 

IV. VEGETATION, TRASH AND RUBBLE 

Samples of potentially contaminated vegetation, trash (e.g. piping, ducts, 
conduit, etc.) and rubble are collected, bagged, and labeled at the site and 
returned to ANL for analysis. 

Vegetation samples are initially weighed and transferred to Marinelli 
beakers for gamma spectrometric analysis. Then they are ashed, reweighed, and 
analyzed by appropriate analytical techniques. 

Trash and rubble samples are forwarded to a certified radiochemistry 
laboratory for analysis. 

V. TRITIUM FROM SOLID MATERIALS 

Samples of solid materials (e.g., concrete) suspected of containing tritium 
are collected, broken into small pieces and submitted to a certified radio- 
chemistry laboratory for analysis. The standard analytical procedure consists 
of transferring a 20-40 g sample to a ceramic boat followed by heating in a tube 
furnace at 425OC for a period of two hours (- 40 min to reach temperature and - 
80 min heating at temperature). Helium is used as a flow gas through the tube 
during heating, and the tritium is collected in two traps on the downstream side 
of the furance. The first trap is immersed in an ordinary ice bath (O°C); the 
second trap is immersed in a C02-Freon bath (-57OC). The collected tritiated 
water from both traps is combined, made up to a known volume, and an aliquot 
taken for liquid scintillation counting of the tritium. 

VI. ANALYSIS PROCEDURES 

A 100-g fraction from each soil sample is analyzed by high resolution 
gamma-ray spectroscopy using a germanium crystal detector coupled to a multi- 
channel analyzer. This analysis allows for a quantitative determination of the 
226~a decay chain (via the 609 keV y-ray of 214~i) and the 2 3 2 ~ h  decay chain 
(via the 908 keV y-ray of 2 2 8 ~ ~  as well as any other gamma emitting radionuclide 
(e.g. 137~s) present in the soil. 

The total uranium (elemental) present in the soil is determined by an acid 
leach of the soil sample followed by laser fluorometry of the leached sample. 

Thorium analysis consists of an acid leach of the soil (using a 234~h spike 
for yield determination) followed by plating a thin source of the radiochemi- 
cally separated thorium and determining the thorium isotopes (228~h and 232~h) 
by alpha spectroscopy. 
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The results of the above measurements allow for quantitative determination 
of the relative amounts of normal uranium, natural uranium, tailings (i-e., 
226~a decay chain), thorium (232~h), mesothorium (228~a decay chain) and thorium 
(228~h) decay chain present in the contaminated material. 

A mass spectrometric analysis of the uranium fraction is conducted when it 
is known or is is surmised that depleted or enriched uranium might be present. 
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CALCULATION OF NORMAL-URANIUM SPECIFIC ACTIVITY - - - - - 

The s p e c i f i c  a c t i v i t y  f o r  normal uranium was o b t a i n e d  by summing t h e  
measured s p e c i f i c  a c t i v i t i e s  f o r  t h e  i n d i v i d u a l  i s o t o p e s  weighted a c c o r d i n g  t o  
t h e i r  normal abundances .  Bes t  v a l u e s  f o r  t h e s e  s p e c i f i c  a c t i v i t i e s  were t a k e n  
from A .  H .  J a f f e y ,  e t  a l .  Phys.  Rev. 4  1889 (1971) .  The p e r c e n t  abundance and - 
h a l f - l i f e  f o r  e a c h  i s o t o p e  were t a k e n  from t h e  "Table of I s o t o p e s , "  7 t h  E d i t i o n  
by C .  M .  L e d e r e r  and V .  S .  S h i r l e y  (1978) .  Atomic weigh t s  were t a k e n  from t h e  
Handbook o f  Chemist ry  and P h y s i c s ,  52nd E d i t i o n  (1971) .  

Atomic 
S p e c i f i c  H a l f - l i f e  Abundance Weight Abundance 

I s o t o ~ ~  -- A c t i v i t y  ( y e a r s )  (atom %I_.- (grams) 
- (wt %I - 

where (wt % ) .  
1 = 

(atom %) (a tomic  w e i g h t )  (atom % ) i  (a tomic  w e i g h t ) .  
i i - -  - 1 

S(atom %) . (a tomic  weigh t )  238.02985 
J J j 

S p e c i f i c  a c t i v i t y  f o r  normal uranium: 

0 .746 x 0.99284 x 2 = 1 .481  dis /min-pg from 2 3 4  ' 2 3 8 ~  

4 .798  x 0.00711= 0.0341 dis /min-pg from 2 3 5 ~  

1 .515  dis /min-pg f o r  normal U 

where 2 3 4 ~  i s  assumed t o  b e  i n  s e c u l a r  e q u i l i b r i u m  w i t h  t h e  2 3 8 ~  p a r e n t .  

Note t h a t  2 .25% of  t h e  t o t a l  a c t i v i t y  i s  due t o  2 3 5 ~  and 48.87% e a c h  i s  due t o  
2 3 4 ~  and 2 3 8 ~ .  
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PERTINENT RADIOLOGICAL REGULATIONS, 
STANDARDS, m GUIDELINES .- 

Excerpts From 

DRAFT AMERICAN NATIONAL STANDARD 

Nl3.12 

Control of Radioactive Surface Contamination 

on Materials, Equipment, and Facilities to be 

Released for Uncontrolled Use 

Where potentially contaminated surfaces are not accessible for measurement 
(as in some pipes, drains, and ductwork), such property shall not be released 
pursuant to this standard, but shall be made the subject of case-by-case evalua- 
tion. 

Property shall not be released for uncontrolled use unless measurements 
show the total and removable contamination levels to be no greater than the 
values in Table 1 or Table 2. (The values in Table 2 are easier to apply when 
the contaminants cannot be individually identified.) 

Coatings used to cover the contamination shall not be considered a solution 
to the contamination problem. That is, the monitoring techniques shall be 
sufficient to determine, and such determination shall be made, that the total 
amount of contamination present on and under any coating does not exceed the 
Table 1 or Table 2 values before release. 
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TABLE I 

SURFACE CONTAMINATION LIMITS* 

Limit (Activity) + 

Contaminants (dis/min-100 cm2) 
Total 

Nuclides (Fixed plus 
Group Description (Note I) Removable Removable) 

1 Nuclides for which the non- 2 2 7 ~ ~  20 Nondetectable 
occupational MPC (Note 2) 2 4 1 , 2 4 2 ~ , 2 4 3 ~ ~  (Note 3) 
is 2 x 10-l3 ci/g3 or less 249,2509251,252~f 

or for which the nonoccupa- 2439244,245,246>2479248Cm 

tional MPC (Note 4) is 12s 9 1291 

2 x cY/m3 or less 2 3 7 ~ p  

2 3 1 ~ a  
210~b 
2389239924092429244~~ 
226 9 2 2 8 ~ ~  
228,230~h 

2 Those nuclides not in Group 
1 for which the nonoccupa- 
tional MPC (Note 2) is 
1 x ?i/m3 or less 
for which the nonoccupa- 
tional MPC (Note 4) is 
1 x cY/m3 or less 

3 Those nuclides not in Group 
1 or Group 2 

2000 a 
Nondetectable 

B ,  u 
(Note 5) 
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SURFACE CONTAMINATION LIMITS 

-.- 
The l e v e l s  may be averaged o v e r  one s q u a r e  meter provided t h e  maximum a c t i v i t y  
i n  any a r e a  o f  100 cm2 i s  l e s s  t h a n  t h r e e  t imes  t h e  l i m i t  v a l u e .  For  purposes  
of a v e r a g i n g  w i t h  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 s q u a r e  meter  o f  
s u r f a c e  s h a l l  be c o n s i d e r e d  t o  be  contaminated above t h e  l i m i t  L ,  a p p l i c a b l e  t o  
100 em2, i f  ( I )  froin measurements of a  r e p r e s e n t a t i v e  number n  of s e c t i o n s  i t  

i s  de te rmined  t h a t  l / n  2 S .  1 L ,  where Si i s  t h e  dis/min-100 crn2 determined 
n A from measurement o f  s e c t i o n  1; o r  ( 2 )  i t  i s  determined t h a t  t h e  a c t i v i t y  o f  a l l  

i s o l a t e d  s p o t s  o r  p a r t i c l e s  i n  any a r e a  l e s s  t h a n  100 cm2 exceeds  3 IJ. 

+ 
D i s i n t e g r a t i o n s  p e r  minute  p e r  s q u a r e  d e c i m e t e r .  

NOTES : 

Values p r e s e n t e d  h e r e  a r e  o b t a i n e d  from t h e  Code o f  F e d e r a l  R e g u l a t i o n s ,  
.- 

T i t l e  10 ,  P a r t  2 0 ,  A p r i l  3 0 ,  1975. The most l i m i t i n g  o f  a l l  g iven  MPC 
v a l u e s  ( f o r  example,  s o l u b l e  v e r s u s  i n s o l u b l e )  a r e  t o  be used .  I n  t h e  
e v e n t  of t h e  o c c u r r e n c e  o f  m i x t u r e s  of r a d i o n u c l i d e s ,  t h e  f r a c t i o n  c o n t r i -  
b u t e d  by each  c o n s t i t u e n t  of i t s  own l i m i t  s h a l l  be determined and t h e  sum 
of t h e  f r a c t i o n  s h a l l  be l e s s  t h a n  1 .  

Maximum p e r m i s s i b l e  c o n c e n t r a t i o n  i n  a i r  a p p l i c a b l e  t o  con t inuous  exposure  
of members of t h e  p u b l i c  a s  p u b l i s h e d  by o r  d e r i v e d  from a n  a u t h o r i t a t i v e  
s o u r c e  such a s  t h e  N a t i o n a l  Committee on R a d i a t i o n  P r o t e c t i o n  and Measure- 
ments (NCRP), t h e  I n t e r n a t i o n a l  Commission on R a d i o l o g i c a l  P r o t e c t i o n  
(ICRP), o r  t h e  Nuclear  R e g u l a t o r y  Commission (NIX). From t h e  Code o f  
F e d e r a l  R e g u l a t i o n s ,  T i t l e  1 0 ,  P a r t  20 ,  Appendix B ,  Table  2 ,  Column 1. 

The i n s t r u m e n t  u t i l i z e d  f o r  t h i s  measurement 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 o f  any Group 1 con taminan ts  un i fo rmly  s p r e a d  o v e r  100 crn2. 

Maximum p e r m i s s i b l e  c o n c e n t r a t i o n  i n  w a t e r  a p p l i c a b l e  t o  members of t h e  
p u b l i c .  

The i n s t r u m e n t  u t i l i z e d  f o r  t h i s  measurement 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  I  nCi o f  any Group 2  b e t a  o r  gamma contaminants  un i fo rmly  s p r e a d  
o v e r  an  a r e a  e q u i v a l e n t  t o  t h e  s e n s i t i v e  a r e a  of t h e  d e t e c t o r .  D i r e c t  
s u r v e y  f o r  u n c o n d i t i o n a l  r e l e a s e  shou ld  be performed i n  a r e a s  where t h e  
background i s  S 100 c o u n t s  p e r  minu te .  When t h e  su rvey  must b e  performed 
i n  a  background exceed ing  100 c o u n t s  p e r  minu te ,  it may be n e c e s s a r y  t o  u s e  
t h e  i n d i r e c t  s u r v e y  method t o  p r o v i d e  t h e  a d d i t i o n a l  s e n s i t i v i t y  r e q u i r e d .  
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TABLE 2 
ALTERNATE SURFACE CONTAMINATION LIMITS 

(All Alpha Emitters, except U and Th Considered as a Group)" 
nat nat' 

Limit (Activity) + 

(dis/min-100 cm2) -- 
Total 
(Fixed Plus 

Contamination Contingencies Removable Removable 

If the contaminant cannot be identified; 
or if alpha emitters other than U 

nat 
(Note 1) and Th are present; or xf 

nat 
the beta emitters comprise 2 2 7 ~ c  or 
2 2 8~~ 

If it is known that all alpha emitters 
are generated from U (Note 1) and 

nat 
Thnat; and if beta emitters are 
present that, while not identified, 
do not include 2 2 7 ~ c ,  1 2 5 ~ ,  226~a, 
and 8 ~ a .  

If it is known that alpha emitters are 
generated only from U (Note 1) 

Rat and Th in equilibrium with its 
nat 

decay products; and if the beta 
emitters, while not identified, do 
not include 2 2 7 ~ ~ ,  '''1, 12'1, 9 0 ~ r ,  
2 2 3 ~ a ,  2281Xa, lZ61, 13'1 and 1 3 3 ~ .  

20 Nondetectable 
(Note 2) 

2000 u 
Nondetectable 

B ,  u 
(Note 3) 
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ALTERNATE SURFACE CONTAMINATION LIMITS 

_._ 
The l e v e l s  may be  averaged  o v e r  one s q u a r e  mete r  p r o v i d e d  t h e  maximum a c t i v i t y  
i n  any a r e a  of  100 cm2 i s  l e s s  t h a n  t h r e e  t i m e s  t h e  l i m i t  v a l u e .  For  purposes  
of a v e r a g i n g  w i t h  r e g a r d  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 s q u a r e  meter  o f  
s u r f a c e  s h a l l  be c o n s i d e r e d  t o  be  con tamina ted  above t h e  l i m i t  L ,  a p p l i c a b l e  t o  
100 cm2, i f  ( 1 )  from measurements of  a  r e p r e s e n t a t i v e  number n  of s e c t i o n s  i t  
i s  determined t h a t  l / n  .Z S .  2 L ,  where Si i s  t h e  d is /min-100 cm2 determined 

n  L from measurement o f  s e c t i o n  1; o r  ( 2 )  i t  i s  de te rmined  t h a t  t h e  a c t i v i t y  of a l l  
i s o l a t e d  s p o t s  o r  p a r t i c l e s  i n  any a r e a  l e s s  t h a n  100 cm2 exceeds  3 L .  

+ 
D i s i n t e g r a t i o n s  p e r  minu te  p e r  s q u a r e  d e c i m e t e r .  

NOTES : 

( 2 )  The i n s t r u m e n t  u t i l i z e d  f o r  t h i s  measurement s h a l l  b e  c a l i b r a t e d  t o  measure 
a t  l e a s t  100 pCi o f  any Group 1 con taminan t s  u n i f o r m l y  s p r e a d  over  100 cm2. 

( 3 )  The i n s t r u m e n t  u t i l i z e d  f o r  t h i s  measurement 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  1 nCi of  any Group 2 b e t a  o r  gamma con taminan t s  un i fo rmly  s p r e a d  
o v e r  a n  a r e a  e q u i v a l e n t  t o  t h e  s e n s i t i v e  a r e a  o f  t h e  d e t e c t o r .  D i r e c t  
s u r v e y  of  u n c o n d i t i o n a l  r e l e a s e  shou ld  be  performed i n  a r e a s  where t h e  
background i s  5 100 c o u n t s  p e r  minu te .  When t h e  s u r v e y  must be  performed 
i n  a  background exceed ing  100 c o u n t s  p e r  m i n u t e ,  it may be  n e c e s s a r y  t o  u s e  
t h e  i n d i r e c t  s u r v e y  method t o  p r o v i d e  t h e  a d d i t i o n a l  s e n s i t i v i t y  r e q u i r e d .  
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U.S. NUCLEAR REGULATORY COMMISSION, DIVISION OF FUEL 
CYCLE AND MATERIAL SAFETY, WASHINGTON, D.C., 

July 1982 

GUIDELINES FOR DECONTAMINATION OF FACILITIES AND 
EQUIPMENT PRIOR TO RELEASE FOR UNRESTRICTED 
USE OR TERMINATION OF LICENSES FOR BY-PRODUCT 

SOURCE, OR SPECIAL NUCLEAR MATERIAL 

(These have been retyped for 
purposes of this report) 

The instructions in this guide, in conjunction with Table 1, specify the radio- 
activity and radiation exposure rate limits which should be used in accomplish- 
ing the decontamination and survey of surfaces or premises and equipment prior 
to abandonment or release for unrestricted use. The limits in Table 1 do not 
apply to premises, equipment, or scrap containing induced radioactivity for 
which the radiological considerations pertinent to their use may be different. 
The release of such facilities or items from regulatory control will be 
considered on a case-by-case basis. 

The licensee shall make a reasonable effort to eliminate residual contami- 
nation. 

Radioactivity on equipment or surfaces shall not be covered by paint, plat- 
ing, or other covering material unless contamination levels, as determined 
by a survey and documented, are below the limits specified in Table 1 prior 
to applying the covering. A reasonable effort must be made to minimize the 
contamination prior to use of any covering. 

The radioactivity on the interior surfaces of pipes, drain lines, or duct 
work shall be determined by making measurements at all traps, and other 
appropriate access points, provided that contamination at these locations 
is likely to be representative of contamination on the interior of the 
pipes, drain lines, or duct work. Surfaces of premises, equipment, or 
scrap which are likely to be contaminated but are of such size, construc- 
tion, or location as to make the surface inaccessible for purposes of 
measurement shall be presumed to be contaminated in excess of the limits. 

Upon request, the Commission may authorize a licensee to relinquish posses- 
sion or control of premises, equipment, or scrap having surfaces contamina- 
ted with materials in excess of the limits specified. This may include, 
but would not be limited to, special circumstances such as razing of build- 
ings, transfer of premises to another organization continuing work with 
radioactive materials, or conversion of facilities to a long-term storage 
or standby status. Such request must: 

a. Provide detailed, specific information describing the premises, equip- 
ment or scrap, radioactive conta~inants, and the nature, extent, and 
degree of residual surface contamination. 
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b .  P r o v i d e  a  d e t a i l e d  h e a l t h  and s a f e t y  a n a l y s i s  which r e f l e c t s  t h a t  t h e  
r e s i d u a l  amounts  o f  m a t e r i a l s  on s u r f a c e  a r e a s ,  t o g e t h e r  w i t h  o t h e r  
c o n s i d e r a t . i o n s  s u c h  a s  p r o s p e c t i v e  use  o f  t.he p r e m i s e s ,  equipment o r  
s c r a p ,  a r e  unl ike1 .y  t o  r e s u l t  i n  an  u n r e a s o n a b l e  r i s k  t o  t h e  h e a l t h  
and s a f e t y  o f  t h e  p u b l i c .  

5 .  P r i o r  t.o r e l e a s e  o f  p r e m i s e s  f o r  u n r e s t r i c t e d  u s e ,  t h e  l i c e n s e e  s h a l l  make 
a comprehens ive  r a d i a t i o n  s u r v e y  which  e s t a b l i s h e s  t h a t  c o n t a m i n a t i o n  i s  
w i t h i n  t h e  l i m i t s  s p e c i f i e d  i n  T a b l e  1 .  A copy o f  t h e  s u r v e y  r e p o r t  s h a l l  
be  f i l e d  w i t h  t h e  Div i . s ion  o f  F u e l  Cyc le  and  M a t e r i . a l  S a f e t y ,  USNRC, 
Washington ,  D . C .  20555, and  a l s o  t h e  D i r e c t o r  o f  t h e  R e g i o n a l  O f f i c e  o f  
t h e  O f f  i c e  o f  I n s p e c t i o n  and Enfo rcemen t ,  USNRC, h a v i n g  j u r i s d i c t i o n .  The 
r e p o r t  s h o u l d  b e  f ~ i l e d  a t  l e a s t  30 days  p r i o r  t o  t h e  p l a n n e d  d a t e  of  aban- 
donment.  The s u r v e y  r e p o r t  s h a l l :  

a .  I d e n t i f y  t h e  p r e m i s e s .  

b .  Show t h a t  r e a s o n a b l e  e f f o r t  h a s  been  made t o  e l  i m ~ n a t ~  r e s i d u a l  con- 
t a m i n a t i o n .  

c .  D e s c r i b e  t h e  s c o p e  o f  t h e  s u r v e y  and g e n e r a l  p r o c e d u r e s  f o l l o w e d .  

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

FolLowing r e v i e w  o f  t h e  r e p o r t ,  t h e  NRC w i l l  c o n s i d e r  v i s i t i n g  t h e  f a c i l i t i e s  t o  
c o n f i r m  t h e  s u r v e y .  
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TABLE 3 

ACCEPTABLE SURFACE CONTAMINATION LIMITS 

U-nat ,  2 3 5 ~ ,  2 3 8 ~  

and a s s o c i a t e d  
decay p r o d u c t s  

T r a n s u r a n i c s ,  
2 2 6 ~ a 9  2 2 8 ~ a ,  
2 3 0 ~ h ,  2 2 8 ~ h ,  
2 3 1 ~ a ,  2 2 7 ~ ~ ,  
1251 1291 

2 

Beta-gamma 
e m i t t e r s  (nu- 
c l i d e s  w i t h  
decay modes 
o t h e r  t h a n  
a l p h a  emiss ion  
o r  spontaneous  
f i s s i o n )  e x c e p t  
9 0 ~ r  and o t h e r s  
n o t e d  above.  
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TABLE 3 

ACCEPTABLE SURFACE CONTAMINATION LEVELS 

a ~ h t . r e  s u r f a c e  con tamina t ion  by b o t h  a l p h a  and beta-gamma e m i t t i n g  n u c l i d e s  
e x i s t s ,  t h e  l i m i t s  e s t a b l i s h e d  f o r  a l p h a  and beta-gamma e m i t t i n g  n u c l i d e s  
should app ly  i n d e p e n d e n t l y .  

'AS used i n  t h i s  t a b l e ,  d i s /min  ( d i s i n t e g r a t i o n s  p e r  minute)  means t h e  r a t e  of 
emiss ion  by r a d i o a c t i v e  m a t e r i a l  a s  de te rmined  by c o r r e c t i n g  t h e  counts  p e r  
minute observed by an a p p r o p r i a t e  d e t e c t o r  f o r  background, e f f i c i e n c y ,  and 
geomet r ic  f a c t o r s  a s s o c i a t e d  w i t h  t h e  i n s t r u m e n t a t i o n .  

< ~ e a s u r e m e n t s  o f  a v e r a g e  contaminant  shou ld  n o t  be averaged over  more t h a n  ? 

s q u a r e  m e t e r .  F o r  o b j e c t s  of l e s s  s u r f a c e  a r e a ,  Lhe average  should be d e r i v e d  
f o r  each  such o b j e c t .  

d  
The maximum c o n t a m i n a t i o n  l e v e l  a p p l i e s  t o  an  a r e a  of n o t  more t h a n  100 cm2. 

e  
The amount of removable r a d i o a c t i v e  m a t e r i a l  p e r  100 cm2 of s u r f a c e  a r e a  s h o u l d  
be de te rmined  by wiping t h a t  a r e a  w i t h  d r y  f i l t e r  o r  s o f t  absorben t  p a p e r ,  
a p p l y i n g  moderate  p r e s s u r e ,  and a s s e s s i n g  t h e  amount of r a d i o a c t i v e  m a t e r i a l  on 
t h e  wipe w i t h  a n  a p p r o p r i a t e  i n s t r u m e n t  of knowr, e f f i c i e n c y .  When removable 
con tamina t ion  on o b j e c t s  of l e s s  s u r f a c e  a r e a  i s  de te rmined ,  t h e  p e r t i n e n t  
l e v e l s  shou ld  be reduced p r o p o r t i o n a l l y  and t h e  e n t i r e  s u r f a c e  shou ld  be wiped.  

 he a v e r a g e  and maximum r a d i a t i o n  l e v e l s  a s s o c i a t e d  w i t h  s u r f a c e  con tamina t ion  
r e s u l t i n g  from beta-gamma e m i t t e r s  shou ld  n o t  exceed 0 . 2  mrad/h a t  I cm and 1 . 0  
mrad/h a t  1 cm, r e s p e c t i v e l y ,  measured t h r o u g h  n o t  more t h a n  7 m i l l i g r a m s  p e r  
s q u a r e  c e n t i m e t e r  o f  t o t a l  a b s o r b e r .  
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111 SURGEON GENERAL'S GUIDELINES 
a s  i n c l u d e d  i n  10 CFR P a r t  712 

Grand Junct i -on Remedial Ac t ion  C r i t e r i a  

712.1 Purpose  

( a )  d e t e r m i n a t i o n  by DOE o f  t h e  need f o r ,  p r i o r i t y  o f  and s e l e c t i o n  o f  
a p p r o p r i a t e  remedial  a c t i o n  t o  l i m i t  t h e  exposure o f  i n d i v i d u a l s  i n  t h e  
a r e a  of Grand J u n c t i o n ,  Colorado ,  t o  r a d i a t i o n  emanating from uranium 
m i l l  t a i l i n g s  which have been used a s  c o n s t r u c t i o n - r e l a t e d  m a t e r i a l .  

(b) The r e g u l a t i o n s  i n  t h i s  p a r t  a r e  i s s u e d  p u r s u a n t  t o  Pub. L. 92-314 
(86 S t a t .  222) o f  June  1 6 ,  1972. 

712.2 Scope 

The r e g u l a t i o n s  i n  t h i s  p a r t  a p p l y  t o  a l l  s t r u c t u r e s  i n  t h e  a r e a  o f  
Grand J u n c t i o n ,  Colorado,  under  o r  a d j a c e n t  t o  which uranium m i l l  t a i l i n g s  have 
been used  a s  a  c o n s t r u c t i o n - r e l a t e d  m a t e r i a l  between January  1,  1951,  and 
June 1 6 ,  1972, i n c l u s i v e .  

712.3 D e f i n i t i o n s  

A s  used i n  t h i s  p a r t :  

( a )  "Admin is t ra to r"  means t h e  A d m i n i s t r a t o r  of Energy Research  and 
Development o r  h i s  d u l y  a u t h o r i z e d  r e p r e s e n t a t i v e .  

(b) "Area of Grand J u n c t i o n ,  Colorado ,"  means Mesa County,  Colorado.  

( c )  "Background" means r a d i a t i o n  a r i s i n g  from cosmic r a y s  and r a d i o -  
a c t i v e  m a t e r i a l  o t h e r  t h a n  uranium m i l l  t a i l i n g s .  

( d )  "DOEtv means t h e  U.S. Department of Energy o r  any d u l y  a u t h o r i z e d  
r e p r e s e n t a t i v e  t h e r e o f .  

( e )  " C o n s t r u c t i o n - r e l a t e d  m a t e r i a l "  means any m a t e r i a l  used i n  t h e  
c o n s t r u c t i o n  o f  a  s t r u c t u r e .  

( f )  " E x t e r n a l  gamma r a d i a t i o n  l e v e l "  means t h e  average gamma r a d i a t i o n  
exposure  r a t e  f o r  t h e  h a b i t a b l e  a r e a  of a  s t r u c t u r e  a s  measured n e a r  
f l o o r  l e v e l .  
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( g )  " Indoor  radon d a u g h t e r  c o n c e n t r a t i o n  l e v e l t '  means t h a t  concen t ra -  
t i o n  of radon d a u g h t e r s  determined by: (1 )  a v e r a g i n g  t h e  r e s u l t s  o f  s i x  
a i r  samples each  of a t  l e a s t  100 hours  d u r a t i o n ,  and t a k e n  a t  a minimum 
of 4-week i n t e r v a l s  th roughout  t h e  y e a r  i n  a  h a b i t a b l e  a r e a  of a  s t r u c -  
t u r e ,  o r  ( 2 )  u t i l i z i n g  some o t h e r  procedure  approved by t h e  Commission. 

( h )  " M i l l i r o e n t g e n "  (mR) means a  u n i t  e q u a l  t o  one- thousand th  (1/1000) 
of a  r o e n t g e n  which roen tgen  i s  d e f i n e d  a s  an exposure  dose  of X o r  
gamma r a d i a t i o n  such  t h a t  t h e  a s s o c i a t e d  c o r p u s c u l a r  emiss ion  per  0.001293 
gram of  a i r  p r o d u c e s ,  i n  a i r ,  i o n s  c a r r y i n g  one e l e c t r o s t a t i c  u n i t  o f  
q u a n t i t y  o f  e l e c t r i c i t y  of e i t h e r  s i g n .  

( i )  "Rad ia t ion"  means t h e  e l e c t r o m a g n e t i c  energy  (gamma) and t h e  p a r -  
t i c u l a t e  r a d i a t i o n  ( a l p h a  and b e t a )  which emanate from t h e  r a d i o a c t i v e  
decay of radium and i t s  d a u g h t e r  p r o d u c t s .  

( j )  "Radon d a u g h t e r s "  means t h e  c o n s e c u t i v e  decay p r o d u c t s  o f  radon-222. 
G e n e r a l l y ,  t h e s e  i n c l u d e  Radium A (polonium-218),  Radium B ( l e a d - 2 1 4 ) ,  
Radium C (bismuth-214) ,  and Radium C '  (polonium-214).  

( k )  "Remedial a c t i o n "  means any a c t i o n  t a k e n  w i t h  a  reasonab le  expec- 
t a t i o n  o f  r e d u c i n g  t h e  r a d i a t i o n  exposure  r e s u l t i n g  from uranium m i l l  
t a i l i n g s  which have been used a s  c o n s t r u c t i o n - r e l a t e d  m a t e r i a l  i n  and 
around s t r u c t u r e s  i n  t h e  a r e a  o f  Grand J u n c t i o n ,  Colorado.  

(1 )  "Surgeon G e n e r a l ' s  Guide l ines"  means r a d i a t i o n  g u i d e l i n e s  r e l a t e d  
t o  uranium m i l l  t a i l i n g s  p r e p a r e d  and r e l e a s e d  by t h e  O f f i c e  o f  t h e  U.S.  
Surgeon G e n e r a l ,  Department o f  H e a l t h ,  Educa t ion  and Welfare on J u l y  2 7 ,  
1970. 

(m) "Uranium m i l l  t a i l i n g s "  means t a i l i n g s  from a  uranium m i l l i n g  oper -  
a t i o n  i n v o l v e d  i n  t h e  F e d e r a l  uranium procurement program. 

( n )  "Working Level" (WL) means any combinat ion o f  shor t - l i .ved radon  
d a u g h t e r  p r o d u c t s  i n  1 l i t e r  o f  a i r  t h a t  w i l l  r e s u l t  i n  t h e  u l t i m a t e  
e m i s s i o n  o f  1 . 3  x  10" MeV o f  p o t e n t i a l  a l p h a  energy .  

712.4 I n t e r p r e t a t i o n s  

Except  a s  s p e c i f i c a l l y  a u t h o r i z e d  by t h e  A d m i n i s t r a t o r  i n  w r i t i n g ,  no 
i n t e r p r e t a t i o n  o f  t h e  meaning o f  t h e  r e g u l a t i o n s  i n  t h i s  p a r t  by an  o f f i c e r  o r  
employee of DOE o t h e r  t h a n  a  w r i t t e n  i n t e r p r e t a t i o n  by t h e  General  Counsel w i l l  
be recognized  t o  be  b i n d i n g  upon DOE. 

7  12 .5  Communications 

Except  where o t h e r w i s e  s p e c i f i e d  i n  t h i s  p a r t ,  a l l  communications con- 
c e r n i n g  t h e  r e g u l a t i o n s  i n  t h i s  p a r t  shou ld  be  a d d r e s s e d  t o  t h e  D i r e c t o r ,  
D i v i s i o n  o f  S a f e t y ,  S t a n d a r d s ,  and Compliance,  U.S. Department of Energy ,  
Washington,  D . C .  20545. 
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7 1 2 . 6  Genera l  r a d i a t i o n  exposure  l e v e l  c r i t e r i a  f o r  remedial  a c t i o n .  

The b a s i s  f o r  u n d e r t a k i n g  remedia l  a c t i o n  s h a l l  be t h e  a p p l i c a b l e  guide- 
Lines p u b l i s h e d  by t h e  Surgeon General  of t h e  Uni ted S t a t e s .  These g u i d e l i n e s  
recommended t h e  f o l l o w i n g  graded a c t i o n  l e v e l s  f o r  remedi-a1 a c t i o n  i n  terms of 
e x t e r n a l  gamma r a d i a t i o n  l e v e l  (EGR) and indoor  radon daughte r  c o n c e n t r a t i o n  
l e v e l  (RDC) above background found w i t h i n  d w e l l i n g s  c o n s t r u c t e d  on o r  wi th  
uranium m i l l  t a i l i n g s .  

EGR RDC Recommendation 

G r e a t e r  t h a n  0 . 1  mR/h G r e a t e r  t h a n  0 .05  WL Remedial a c t i o n  i n d i -  
c a t e d .  

From 0 . 0 5  t o  0 . 1  mR/h From 0 . 0 1  t o  0 . 0 5  WL Remedial a c t i o n  may be 
s u g g e s t e d .  

Less  t h a n  0 . 0 5  mR/h Less  t h a n  0 . 0 1  WL No remedia l  a c t i o n  i n -  
d i c a t e d  

7 1 2 . 7  C r i t e r i a  f o r  d e t e r m i n a t i o n  o f  p o s s i b l e  need f o r  remedial  a c t i o n  

Once it i s  determined t h a t  a  p o s s i b l e  need f o r  remedial  a c t i o n  e x i s t s ,  
t h e  r e c o r d  owner of a  s t r u c t u r e  s h a l l  be n o t i f i e d  o f  t h a t  s t r u c t u r e ' s  e l i g i b i l i -  
t y  f o r  a n  e n g i n e e r i n g  assessment  t o  conf i rm t h e  need f o r  remedial  a c t i o n  and t o  
a s c e r t a i n  t h e  most a p p r o p r i a t e  remedia l  measure ,  i f  any.  A d e t e r m i n a t i o n  of 
p o s s i b l e  need w i l l  be made i f  a s  a  r e s u l t  o f  t h e  p r e s e n c e  of uranium m i l l  t a i l -  
ings  under  o r  a d j a c e n t  t o  t h e  s t r u c t u r e ,  one o f  t h e  fol.lowing c r i t e r i a  i s  met: 

( a )  Where DOE approved d a t a  on i n d o o r  radon daughte r  c o n c e n t r a t i o n  
l e v e l s  a r e  a v a i l a b l e  

(1) For  d w e l l i n g s  and schoolrooms:  An i n d o o r  radon d a u g h t e r  concen- 
t r a t i o n  l e v e l  o f  0 . 0 1  WL o r  g r e a t e r  above background. 

( 2 )  F o r  o t h e r  s t r u c t u r e s :  A n  i n d o o r  radon daughte r  c o n c e n t r a t i o n  
l e v e l  o f  0 . 0 3  WL o r  g r e a t e r  above background.  

( b )  Where DOE approved d a t a  on i n d o o r  radon daughte r  c o n c e n t r a t i o n  
l e v e l s  a r e  n o t  a v a i l a b l e :  

(1) F o r  d w e l l i n g s  and schoolrooms:  

( i )  An e x t e r n a l  gamma r a d i a t i o n  l e v e l  o f  0 .05 mR/h o r  g r e a t e r  above 
background.  



APPENDIX 6 
( C o n t ' d .  ) 

( i i )  An i n d o o r  radon d a u g h t e r  c o n c e n t r a t i o n  l e v e l  of 0 . 0 1  WL o r  g r e a t e r  
above background (presumed) .  

( A )  I t  may be presumed t h a t  i f  t h e  ex te rna l .  gamma r a d i a t i o n  l e v e l  i s  
e q u a l  t o  o r  exceed 0 . 0 2  mR/h above background, t h e  indoor  radon daughte r  
c o n c e n t r a t i o n  l e v e l  e q u a l s  o r  exceeds  0 . 0 1  WL above background. 

( B )  I t  shou ld  be presumed t h a t  i f  t h e  e x t e r n a l  gamma r a d i a t i o n  l e v e l  
i s  l e s s  t h a n  0.001 mR/h above background, t h e  i n d o o r  radon daughter  con- 
c e n t r a t i o n  l e v e l  i s  l e s s  t h a n  0 . 0 1  WL above background, and no p o s s i b l e  
need f o r  remedia l  a c t i o n s  e x i s t s .  

( C )  I f  t h e  e x t e r n a l  gamma r a d i a t i o n  l e v e l  i s  e q u a l  t o  o r  g r e a t e r  t h a n  
0 .001  mR/h above background b u t  i s  l e s s  t h a n  0 .02 mR/h above background, 
measurements w i l l  be r e q u i r e d  t o  a s c e r t a i n  t h e  indoor  radon daughte r  
c o n c e n t r a t i o n  l e v e l .  

( 2 )  For o t h e r  s t r u c t u r e s :  

( i )  An e x t e r n a l  gamma r a d i a t i o n  l e v e l  of 0 .15  mR/h above background 
averaged on a  room-by-room b a s i s .  

( i i )  NO presumptions  s h a l l  be  made on t h e  e x t e r n a l  gamma r a d i a t i o n  
l e v e l / i n d o o r  radon d a u g h t e r  c o n c e n t r a t i o n  l e v e l  r e l a t i o n s h i p .  Deci-  
s i o n s  w i l l  be made i n  i n d i v i d u a l  c a s e s  based upon t h e  r e s u l t s  of a c t u a l  
measurements.  

712.8  De te rmina t ion  o f  p o s s i b l e  need f o r  remedia l  a c t i o n  where c r i t e r i a  have 
n o t  been met.  

The p o s s i b l e  need f o r  remedia l  a c t i o n  may be  determined where t h e  c r i -  
t e r i a  i n  712.7 have n o t  been m e t  i f  v a r i o u s  o t h e r  f a c t o r s  a r e  p r e s e n t .  Such 
f a c t o r s  i n c l u d e ,  b u t  a r e  n o t  n e c e s s a r i l y  l i m i t e d  t o ,  s i z e  of t h e  a f f e c t e d  a r e a ,  
d i s t r i b u t i o n  of r a d i a t i o n  l e v e l s  i n  t h e  a f f e c t e d  a r e a ,  amount of t a i l i n g s ,  age  
of i n d i v i d u a l s  occupying a f f e c t e d  a r e a ,  occupancy t i m e ,  and use  o f  t h e  a f f e c t e d  
a r e a .  

712.9 F a c t o r s  t o  be c o n s i d e r e d  i n  d e t e r m i n a t i o n  of o r d e r  of p r i o r i t y  f o r  
remedia l  a c t i o n .  

I n  de te rmin ing  t h e  o r d e r  o r  p r i o r i t y  f o r  e x e c u t i o n  o f  remedial  a c t i o n ,  
c o n s i d e r a t i o n  s h a l l  be  g i v e n ,  b u t  n o t  n e c e s s a r i l y  l i m i t e d  t o ,  t h e  f o l l o w i n g  
f a c t o r s  : 

( a )  C l a s s i f i c a t i o n  o f  s t r u c t u r e .  Dwel l ings  and s c h o o l s  s h a l l  be con- 
s i d e r e d  f i r s t .  

(b )  A v a i l a b i l i t y  o f  d a t a .  Those s t r u c t u r e s  f o r  which d a t a  on i n d o o r  
radon  d a u g h t e r  c o n c e n t r a t i o n  l e v e l s  and /or  e x t e r n a l  gamma r a d i a t i o n  
l e v e l s  a r e  a v a i l a b l e  when t h e  program s t a r t s  and which meet t h e  c r i t e r i a  
i n  712.7 w i l l  be  c o n s i d e r e d  f i r s t .  
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(c) Order of application. Insofar as feasible remedial action will be 
taken in the order in which the application is received. 

(d) Magnitude of radiation level. In general, those structures with the 
highest radiation levels will be given primary consideration. 

(e) Geographical location of structures. A group of structures located in 
the same immediate geographical vicinity may be given priority con- 
sideration particularly where they involve simil.ar remedial efforts. 

(f) Availability of structures. An attempt will be made to schedule 
remedial action during those periods when remedial action can be taken 
with minimum interference. 

(g) Climatic conditions. Climatic conditions or other seasonable con- 
siderations may affect the scheduling of certain remedial measures. 

712.10 Selection of appropriate remedial action. 

(a) Tailings will be removed from those structures where the appropriately 
averaged external gamma radiation level is equal to or greater than 
0.05 mR/h above background in the case of dwellings and schools and 
0.15 mR/h above background in the case of other structures. 

(b) Where the criterion in paragraph (a) of this section is not met, other 
remedial action techniques, including but not limited to sealants, 
ventilation, and shielding may be considered in addition to that of 
tailings removal. DOE shall select the remedial action technique or 
combination of techniques, which it determines to be the most appro- 
priate under the circumstances. 

40 CFR Part 192 
HEALTH AND ENVIRONMENTAL PROTECTION STANDARDS 

FOR 
URANIUM MILL TAILINGS 

SUBPART A--Standards for the Control of Residual Radioactive Materials from 
Inactive Uranium Processing Sites 

192.00 Applicability 

This subpart applies to the control of residual radioactive material at 
designated processing or depository sites under Section 108 of the Uranium Mill 
Tailings Radiation Control Act of 1978 (henceforth designated "the Act"), and to 
restoration of such sites following any use of subsurface minerals under Section 
104(h) of the Act. 
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192.01 Definitions 

(a) Unless otherwise indicated in this subpart, all terms shall have the 
same meaning as in Title I of the Act. 

( b )  Remedial action means any action performed under Section 108 of the 
Act. 

(c) Control means any remedial action intended to stabilize, inhibit 
future use of, or reduce emissions or effluents from residual radioactive 
materials. 

(d) Disposal - site means the region within the smallest perimeter of residual 
radioactive material (excluding cover materials) foll.owing completion of control 
activities. 

(e) Depository si.te means a disposal site (other than a processing site) 
selected under Section 104(b) or 105(b) of the Act. 

(f) -- Curie (Ci) means the amount of radioactive material that produces - 37 
billion nuclear transformation per second. One picocurie (pCi) = 10 l2 Ci. 

192.02 Standards 

Control shall be designed* to: 

(a) be effective for up to one thousand years, to the extent reasonably 
achievable, and, in any case, for at least 200 years, and, 

(b) provide reasonable assurance that releases of radon-222 from residual 
radioactive material to the atmosphere will not: 

(I) exceed an average'V2c release rate of 20 picocuries per square 
meter per second, 

:?Because the standard applies to design, monitoring after disposal is not 
required to demonstrate compliance. 

+c;kThis average shall apply over the entire surface of the disposal site and 
over at least a one-year period. Radon will come from both residual radio- 
active materials and from materials covering them. Radon emissions from the 
covering materials should be estimated as part of developing a remedial 
action plan for each site. The standard, however, applies only to emissions 
from residual radioactive materials to the atmosphere. 
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( 2 )  i n c r e a s e  t h e  annua l  average  c o n c e n t r a t i o n  of radon-222 i n  a i r  a t  
o r  above any l o c a t i o n  o u t s i d e  t h e  d i s p o s a l  s i t e  by more t h a n  one-ha l f  p i c o c u r i e  
p e r  l i t e r .  

SUBPART B--Standards f o r  Cleanup of Open Lands and B u i l d i n g s  Contaminated wi th  
R e s i d u a l  R a d i o a c t i v e  M a t e r i a l s  from I n a c t i v e  Uranium P r o c e s s i n g  S i t e s  

192.10 A p p l i c a b i l i t y  

T h i s  s u b p a r t  a p p l i e s  t o  l a n d  and b u i l d i n g s  which a r e  p a r t  o f  any p r o c e s s i n g  
s i t e  d e s i g n a t e d  by t h e  S e c r e t a r y  of Energy under Pub. L .  95-604, S e c t i o n  102. 
S e c t i o n  101 of Pub. L .  95-604, s t a t e s  t h a t  " p r o c e s s i n g  s i t e "  means-- 

( a )  any s i t e ,  i n c l u d i n g  t h e  m i l l ,  c o n t a i n i n g  r e s i d u a l  r a d i o a c t i v e  m a t e r i a l s  
a t  which a l l  o r  s u b s t a n t i a l l y  a l l  of  t h e  uranium was produced f o r  s a l e  t o  any 
F e d e r a l  agency p r i o r  t o  J a n u a r y  1, 1971, under  a  c o n t r a c t  w i t h  any F e d e r a l  
agency,  e s c e p t  i n  t h e  c a s e  of a  s i t e  a t  o r  n e a r  S l i c k  Rock, Colorado,  u n l e s s - -  

( 1 )  such s i t e  was owned o r  c o n t r o l l e d  a s  of January  1, 1978, o r  i s  
t h e r e a f t e r  owned o r  c o n t r o l l e d ,  by an  F e d e r a l  agency,  o r  

( 2 )  a  l i c e n s e  [ i s s u e s  by t h e  (Nuclear  R e g u l a t o r y )  Commission o r  i t s  
p r e d e c e s s o r  agency under  t h e  Atomic Energy Act o f  1954 o r  by a  S t a t e  a s  p e r -  
m i t t e d  under  S e c t i o n  274 of such  Act]  f o r  t h e  p r o d u c t i o n  a t  such s i t e  of any 
uranium o r  thor ium p r o d u c t  d e r v i e d  from o r e s  i s  i n  e f f e c t  on January  1,  1978, o r  
i s  i s s u e d  o r  renewed a f t e r  such  d a t e ;  and 

(b )  Any o t h e r  r e a l  p r o p e r t y  o r  improvement t h e r e o n  which-- 

( 1 )  i s  i n  t h e  v i c i n i t y  of such s i t e ,  and 

( 2 )  i s  de te rmined  by t h e  S e c r e t a r y ,  i n  c o n s u l t a t i o n  w i t h  t h e  Commission, 
t o  be contaminated w i t h  r e s i d u a l  r a d i o a c t i v e  m a t e r i a l s  d e r i v e d  from such  s i t e .  

192.11 D e f i n i t i o n s  - 

( a )  Unless  o t h e r w i s e  i n d i c a t e d  i n  t h i s  s u b p a r t ,  a l l  terms s h a l l  have t h e  
same meaning a s  d e f i n e d  i n  T i t l e  I o f  t h e  Act o r  i n  S u b p a r t  A .  

(b)  Land means any s u r f a c e  o r  s u b s u r f a c e  l a n d  t h a t  i s  n o t  p a r t  o f  a  
d i s p o s a l  s i t e  and i s  n o t  covered by an  o c c u p i a b l e  b u i l d i n g .  

( c )  Working Level  (WL) means combinat ion o f  s h o r t - l i v e d  radon decay 
p r o d u c t s  i n  one l i t e r  o f  a i r  t h a t  w i l l  r e s u l t  i n  t h e  u l t i m a t e  emiss ion  of a l p h a  
p a r t i c l e s  w i t h  a  t o t a l  energy  o f  130 b i l l i o n  e l e c t r o n  v o l t s .  

( d )  S o i l  means a l l  u n c o n s o l i d a t e d  m a t e r i a l s  normal ly  found o r  n e a r  t h e  
s u r f a c e  o f  t h e  e a r t h  i n c l u d i n g ,  b u t  n o t  l i m i t e d  t o  s i l t s ,  c l a y s ,  s a n d s ,  g r a v e l ,  
and s m a l l  r o c k s .  
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192.12 Standards 

Remedial actions shall be conducted so as to provide reasonable assurance 
that, as a result of residual radioactive materials from any designated proces- -- 

sing site: -- 

(a) the concentration of radium-226 in land averaged over any area of 100 
square meters shall not exceed the background level by more than--- 

(1) 5 pCi/g, averaged over the first 15 cm of soil below the surface, 
and 

(2) 15 pCi/g, averaged 15 cm thick layers of soil more than 15 cm 
below the surface. 

(b) in any occupied or habitable building--- 

(1) the objective of remedial action shall be, and reasonable effort 
shall be made to achieve, an annual average (or equivalent) radon decay product 
concentration (including background) not to exceed 0.02 WL. In any case, the 
radon decay product concentration (including background) shall not exceed 0.03 WL, 
and 

(2) the level of gamma radiation shall not exceed the background 
level by more than 20 microroentgens per hour. 

SUBPART C--Implementation 

192.20 Guidance for Implementation 

Section 108 of the Act requires the Secretary of Energy to select and 
perform remedial actions with the concurrence of the Nuclear Regulatory Commission 
and the full participation of any State that pays part of the cost, and in 
consultation, as appropriate, with affected Indian Tribes and the Secretary of 
the Interior. These parties, in their respective roles under Section 108, are 
referred to hereafter as "the implementing agencies." 

The implementing agencies shall establish methods and procedures to provide 
$ 1  reasonable assurance" that the provisions of Subparts A and B are satisfied. 
This should be done as appropriate through use of analytic models and site- 
specific analyses, in the case of Subpart A, and for Subpart B through measure- 
ments performed within the accuracy of currently available types of field and 
laboratory instruments in conjunction with reasonable survey and sampling 
procedures. These methods and procedures may be varied to suit conditions at 
specific sites. In particular: 

(a) The purpose of Subpart A is to provide for long-term stabilization and 
isolation in order to inhibit misuse and spreading of residual radioactive 
materials, control releases of radon to air, and protect water. Subpart A may 
be implemented through analysis of the physical properties of the site and the 
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control system and projection of the effects of natural processes over time. 
Events and processes that could significantly affect the average radon release 
rate from the entire disposal site should be considered. Phenomena that are 
localized or temporary, such as local cracking or burrowing of rodents, need to 
be taken into account only if their cumulative effect would be significant in 
determining compliance with the standard. Computational models, theories, and 
prevalent expert judgment may be used to decide that a control system design 
will satisfy the standard. The numerical range provided in the standard for the 
longevity of the affectiveness of the control of residual radioactive materials 
allows for consideration of the various factors affecting the longevity of 
control and stabilization methods and their costs. These factors have different 
levels of predictability and may vary for the different sites. 

Protection of water should be considered in the analysis of reasonable 
assurance of compliance with the provisions of Section 192.02. Protection of 
water should be considered on a case-specific basis, drawing on hydrological and 
geochemical surveys and all other relevant data. The hydrologic and geologic 
assessment to be conducted at each site should include a monitoring program 
sufficient to establish background groundwater quality through one or more 
upgradient wells, and identify the presence and movement of plumes associated 
with the tailings piles. 

If contaminants have been released from a tailings pile, an assessment of 
the location of the contaminants and the rate and direction of movement of 
contammated groundwater, as well as its relative contamination, should be made. 
In addition, the assessment should identify the attenuative capacity of the 
unsaturated and saturated zone to determine the extent of plume movement. 
Judgments on the possible need for remedial or protective actions for ground- 
water aquifers should be guided by relevant considerations described in EPA's 
hazardous waste management system (47 FR 32274, July 26, 1982) and by relevant 
State and Federal Water Quality Criteria for anticipated or existing uses of 
water over the term of the stabilization. The decision on whether to institute 
remedial action, what specific action to take, and to what levels an aquifer 
should be protected or restored should be made on a case-by-case basis taking 
into account such factors as technical feasibility of improving the aquifer in 
its hydrogeologic setting, the cost of applicable restorative or protective 
programs, the present and future value of the aquifer as a water resource, the 
availability of alternative water supplies, and the degree to which human 
exposure is likely to occur. 

(b) Complinace with Subpart B, to the extent practical, should be demon- 
strated through radiation surveys. Such surveys may, if appropriate, be 
restricted to locations likely to contain residual radioactive materials. These 
surveys should be designed to provide for compliance averaged over limited areas 
rather than point-by-point compliance with the standards. In most cases, meas- 
urement of gamma radiation exposure rates above and below the land surface can 
be used to show compliance with Section 192.12(a). Protocols for making such 
measurements should be based on realistic radium distributions near the surface 
rather than extremes rarely encountered. 
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In Sect~on 192.12(a), the "background level" refers to native radium concen- 
tratlon ln soll. Since this may not be determinable in the presence of contami- 
nation by residual radioactive materials, a surrogate "background level" may be 
established by simple or indirect (e.g., gamma radiation) measurements performed 
nearby but outslde of the contaminated location. 

Compliance with Section 192.12 (b) may be demonstrated by methods that the 
Department of Energy has approved for use under PL 92-314 (10 CFR 7121, or by 
other methods that the implementing agencies determine are adequate. Residual 
radioactive materials should be removed from buildings exceeding 0.03 WL so that 
future replacement buildings will not pose a hazard [unless removal is not 
practical--see Section 192.21(c)]. However, sealants, filtration, and ventila- 
tion devices may provide reasonable assurance of reductions from 0.03 WL to 
below O 02 WL. In unusual cases, indoor radiation may exceed the levels 
specifled in Section 192.12(b) due to sources other than residual radioactive 
materials. Remedial actions are not required in order to comply with the 
standard when there is reasonable assurance that residual radioactive materials 
are not the cause of such an excess. 

192.21 Critiera for Applying Supplemental Standards 

The implementing agencies may (and in the case of Subsection (£1 shall) 
apply standards under Section 192.22 in lieu of the standards of Subparts A or B 
if they determine that any of the following circumstances exists: 

(a) Remedial actions required to satsify Subparts A or B would pose a 
clear and present risk of injury to workers or to members of the public, not- 
withstanding reasonable measures to avoid or reduce risk. 

(b) Remedial actions to satisfy the cleanup standards for land, Section 
192.12(a), or the acquisition of minimum materials required for control to 
satisfy Section 192.02(b), would, notwithstanding reasonab1.e measures to limit 
damage, directly produce environmental harm that is clearly excessive compared 
to the health benefits to persons living on or near the site, now or in the 
future. A clear excess of environmental harm is harm that is long-term, 
manifest, and grossly disproportionate to health benefits that may reasoably be 
anticipated. 

(c) The estimate cost of remedial action to satisfy Section 192.12(a) at a 
"vicinity" site [described under Section lOl(6) (B) of the Act] is unreasonably 
high relative to the long-term benefits, and the residual radioactive materials 
do not pose a clear present or future hazard. The likelihood that buildings 
will be erected or that people will spend long periods of time at such a 
vicinlty site should be considered in evaluating this hazard. Remedial action 
will generally not be necessary where residual radioactive materials have been 
placed semi-permanently in a location whre site-specific factors limit their 
hazard and from which they are costly or difficult to remove, or where only 
minor quantities of residual radioactive materials are involved. Examples are 
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residual radioactive materials under hard surface public roads and sidewalks, 
around public sewer lines, or in fence post foundations. Supplemental standards 
should not be applied at such sites, however, if individuals are likely to be 
exposed for long periods of time to radiation from such materials at levels 
above those that would prevail under Section 192.12(a). 

(d) The cost of a remedial action for cleanup of a building under Section 
l92.l2(b) is clearly unreasonably high relative to the benefits. Factors that 
should be included in this judgment are the anticipated period of occupancy, the 
incremental radiation level that would be affected by the remedial action, the 
residual useful lifetime of the building, the potential for future construction 
at the site, and the applicability of less costly remedial methods than removal 
of residual radioactive materials. 

(e) There is no known remedial action. 

(f) Radionuclides other than radium-226 and its decay products are present 
in sufficient quantity and concentration to constitute a significant radiation 
hazard from residual radioactive materials. 

192.22 Supplemental Standards 

Federal agencies implementing Subparts A and B may in lieu thereof proceed 
pursuant to this section with respect to generic or individual situations meeting 
the eligibility requirements of Section 192.21. 

(a) When one or more of the criteria of Section 192.21(a) through (e) 
applies, the implementing agencies shall select and perform remedial actions 
that come as close to meeting the otherwise applicable standard as is reasonable 
under the circumstances. 

(b) When Section 192.21(f) applies, remedial actions shall, in addition to 
satisfying the standards of Subparts A and B, reduce other residual radioactivity 
to levels that are as low as is reasonably achievable. 

(c) The implementing agencies may make general determinations concerning 
remedial actions under this Section that will apply to all locations with 
specified characteristics, or they may make a determination for a specific 
location. When remedial actions are proposed under this Section for a specific 
location, the Department of Energy shall inform any private owners and occupants 
of the affected location and solicit their comments. The Department of Energy 
shall provide any such comments to the other implementing agencies. The 
Department of Energy shall also periodically inform the Environmental Protection 
Agency of both general and individual determinations under the provisions of 
this section. 
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EXCERPTS FROM LA-UR-79-1865-Rev., 

"Interim Soil Limits for D&D Projects" 

Table XXIII . Recommended Soil ~imits~'~(in pCi/g) 

Ingestion 
Home Full External Allc 

Inhalation Gardener Diet Radiation Pathways 

230~h (NO Daught.) 300 4,400 9 40 36,000 280 

a 
Soil limits for 241~rn and 239'240~~ are available from EPA recommendations, and 
a soil limit for 226~a has been reported by Healy and Rodgers. 

b~imits are to apply to only one nuclide present in the soil. If more than one 
is present, a weighted average should apply. 

C 
Based on a diet of a home gardener. 

d~odified from LA-UR-79-1865-Rev. values to correct error. 
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EXCERPTS FROM DOE 5480 .1 ,  Chapter  X I  

"Requirements f o r  R a d i a t i o n  P r o t e c t i o n "  

Exposure of I n d i v i d u a l s  and P o p u l a t i o n  Groups i n  Uncont ro l l ed  Areas .  
Exposures t o  members o f  t h e  p u b l i c  s h a l l  be  a s  low a s  r e a s o n a b l y  a c h i e v a b l e  
l e v e l s  w i t h i n  t h e  s t a n d a r d s  p r e s c r i b e d  below. 

R a d i a t i o n  P r o t e c t i o n  S tandards  
f o r  I n t e r n a l  and E x t e r n a l  Exposure 

of Members o f  t h e  P u b l i c  

Annual Dose E q u i v a l e n t  
o r  Dose Commitment 

Based on Dose t o  Based on Average Dose 
I n d i v i d u a l s  a t  t o  a  S u i t a b l e  Sample 
P o i n t s  of Maximum of t h e  Exposed 

Type o f  Exposure P r o b a b l e  Exposure P o p u l a t i o n  

Whole body, 0 . 5  r e m  
gonads ,  o r  ( o r  500 mrem) 
bone marrow 

Other  o rgans  1 . 5  rem 
( o r  1500 mrem) 

0.17 rern 
( o r  170 rnrem) 

0 . 5  rem 
( o r  500 mrem) 

CONCENTRATIONS I N  A I R  AND WATER ABOVE NATUML BACKGROUND 

- 
T a b l e  I Tab le  I1 

Element 
C o n t r o l l e d  Area U n c o n t r o l l e d  Area 

Column 1 Column 2  Column 1 Column 2  
(a tomic  I s o t o p e  ( I )  A i r  Water A i r  Water 
number ) s o l u b l e  (S) (pCi/Q) (pCi/Q> (pCi/Q) (pCi lR)  

Radon (86)  Rn 220 S  300 10 
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ESTIMATED EXTENT OF CONTAMINATION 

Estimates of the extent of the contamination at the assessed site are based 
on the total volume, mass, and quantity of radioactive material in the contami- 
nated area. The volume is the product of the surface area and the depth of the 
contamination. The mass is the product of the volume and the density of the 
material. A density of 1 .5  g/cm3 is used for soil. The concentration (pCi/g) 
o f  the specific radioisotope is determined by radiochemical analysis of the 
s o l  1 The total quantity of radioactive material is the product of the con- 
centration of the specific radioisotope and the total mass of material. 

Often there is more than one contaminant in the soil (or contaminated 
material) and the contaminants are not uniformly distributed throughout the 
material. In these cases, it is necessary to estimate the fraction of the 
materral containing each contaminant in order to assess the total quantity of 
the radioactive material. This estimate of the fraction of the material con- 
tainrng each contaminant is based on the radiochemical analysis of randomly 
selected samples. 

Estimates of the extent of contamination are usually determined for averaged 
(Option 1 )  and maximum or worst-case (Option 2) conditions. A sample calculation 
for the extent of contamination in a typical site is as follows: 

Volume (Average) = 34,800 ft2 (area) x 3 . 6  ft (avg. depth) = 125,000 ft3 
= 3,550 m3 

Volume (Maximum) = 34,800 ft2 (area) x 9 ft (max. depth) = 314,000 ft3 
= 8,880 m3 

Mass (Average) = 3,550 m3 x 1,500 kg/m3 = 5 .33  x l o 6  kg 
Mass (Maximum) = 8,880 m3 x 1,500 kg/m3 = 1.33  x l o 7  kg 

Estimated Total Activity for 226~a (chain) 

Average: 5 .33  x l o 6  kg x 14 x 10-l2 Ci/g x l o 3  g/kg x -05  (fraction);? = 0.004 Ci 

Maximum: 1 .33  x l o 7  kg x 16 x Ci/g x l o 3  g/kg x -05  (fraction)" = 0.011 Ci 

9cThis represents the estimate of the fraction of the total mass contaminated 
with the 226~a chain. 
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EVALUATION OF RADIATION EXPOSURES 

INTRODUCTION 

A .  Types of Radiation 

Radiation is the emission or transmission of energy in the form of waves or 
particles. Examples are acoustic waves (i.., sound), electromagnetic waves 
(such as radio, light, x- and gamma-rays), and particulate radiations (such as 
alpha particles, beta particles, neutrons, protons, and other elementary par- 
ticles). 

The class of radiation of importance to this report is known as ionizing 
radiatlon. Ionizing radiations are those, either electromagnetic or particu- 
late, with sufficient energy to ionize matter, i.e., to remove or displace 
electrons from atoms and molecules. The most common types of ionizing radiation 
are x- and gamma-rays, alpha parti-cles, beta particles, and neutrons. 

X- and gamma-rays are electromagnetic waves of pure energy, having no 
charge and no mass or existence at rest. Gamma-rays and x-rays are identical 
except that x-rays originate in the atom and gamma-rays originate in the nucleus 
of an atom. X- and gamma-rays are highly penetrating and can pass through 
relatively thick materials before interacting. Upon interaction, some or all of 
the energy is transferred to electrons which, in turn, produce additional ioni-za- 
tions while coming to rest. 

Alpha particles are positively charged particulates composed of two neutrons 
and two protons, identical to the nucleus of a helium atom. Due to its com- 
paratively large mass and double charge, an alpha particle interacts readily 
with matter and penetrates only a very short distance before coming to rest, 
causing intense ionization along its path. 

Beta particles are negatively charged free electrons moving at high speeds. 
Due to ~ t s  comparatively small mass and single charge, a beta particle's pene- 
tration through matter is intermediate between that of the alpha particle and 
the gamma-ray, causing fewer ionizations per unit path length than an alpha 
particle. 

B. Sources of Radiation 

Ionizing radiations arise from terrestrial radioactive materials (both 
naturally occurring and man-made), extra-terrestrial (cosmic) sources, and 
radiation-producing machines. The sources of ionizing radiation important to 
this report are radioactive materials and cosmic sources. 

Most atoms of the elements in our environment remain structurally stable. 
With time, an atom of potassium, for instance, may change its association with 
other atoms in chemical reactions and become part of other compounds, but it 
will always remain a potassium atom. Radioactive atoms, on the other hand, are 
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not  s t a b l e  and w i l l  s p o n t a n e o u s l y  e m i t  r a d i a t i o n  i n  o r d e r  t o  a c h i e v e  a  more 
s t a b l e  s t a t e .  Because of t h i s  spontaneous  t r a n s f o r m a t i o n ,  t h e  r a t i o  of p r o t o n s  
and n e u t r o n s  i n  t h e  n u c l e u s  o f  an  atom i s  a l t e r e d  toward a  more s t a b l e  condi-  
t i o n .  R a d i a t i o n  may be e m i t t e d  from t h e  n u c l e u s  a s  a l p h a  p a r t i c l e s ,  be ta  pa r -  
t i c l e s ,  n e u t r o n s ,  o r  gamma-rays, depending un ique ly  upon each p a r t i c u l a r  r a d i o -  
n u c l i d e .  Radi-onucl ides  decay a t  c h a r a c t e r i s t i c  r a t e s  dependent upon t h e  degree  
of s t a b i l i - t y  and c h a r a c t e r i z e d  by a  p e r i o d  of t ime  c a l l e d  t h e  h a l f - l i f e .  I n  one 
h a l f - l i f e ,  t h e  number of r a d i o a c t i v e  atoms and ,  t h e r e f o r e ,  t h e  amount of r a d i a -  
t i o n  e m i t t e d ,  d e c r e a s e  by one h a l f .  

The exposure  o f  man t o  t e r r e s t r i a l  
r ad i -onuc l ides  and a l s o  t o  "man-made" 
m a t e r i a l s .  S e v e r a l  dozen r a d i o n u c l i d e s  
of a t  Leas t  t h e  same o r d e r  of magnitude 
m a j o r i t y  o f  t h e s e  n a t u r a l l y  o c c u r r i n g  
e lements  and be long  t o  t h r e e  d i s t i n c t  r 
uranium-235, and thorium-232. Each of 

r a d i a t i o n  i s  due t o  n a t u r a l l y  o c c u r r i n g  
o r  t e c h n o l o g i c a l l y  enhanced r a d i o a c t i v e  
occur  n a t u r a l l y ,  some having ha1 f - l i v e s  
a s  t h e  e s t i m a t e d  age  of t h e  e a r t h .  The 
r a d i o n u c l i d e s  a r e  i s o t o p e s  of t h e  heavy 
a d i o a c t i v e  s e r i e s  headed by uranium-238, 
t h e s e  decays  t o  s t a b l e  i s o t o p e s  of l e a d  

(Pb) th rough  a  sequence of r a d i o n u c l i d e s  of wide ly  v a r y i n g  h a l f - l i v e s .  Other  
n a t u r a l l y  o c c u r r i n g  r a d i o n u c l i d e s ,  which decay d i r e c t l y  t o  a  s t a b l e  n u c l i d e ,  a r e  
potassium-40 and rubidium-87. I t  shou ld  be noted t h a t  even though t h e  i s o t o p i c  
abundance of potass ium-40 i s  l e s s  t h a n  0.012%, po tass ium i s  so  widespread t h a t  
potassium-40 c o n t r i b u t e s  abou t  o n e - t h i r d  of t h e  r a d i a t i o n  dose r e c e i v e d  by man 
from n a t u r a l  background r a d i a t i o n .  A major  p o r t i o n  of t h e  exposure  (dose)  o f  
man from e x t e r n a l  t e r r e s t r i a l  r a d i a t i o n  i s  due t o  t h e  r a d i o n u c l i d e s  i n  t h e  s o i l ,  
p r i m a r i l y  potass ium-40 and t h e  r a d i o a c t i v e  decay-chain  p roduc t s  o f  thorium-232 
and uranium-238. The n a t u r a l l y  o c c u r r i n g  r a d i o n u c l i d e s  d e p o s i t e d  i n t e r n a l l y  i n  
man t h r o u g h  up take  by i n h a l a t i o n / i n g e s t i o n  of a i r ,  f o o d ,  and d r i n k i n g  w a t e r  
c o n t a i n i n g  t h e  n a t u r a l  r a d i o a c t i v e  m a t e r i a l  a l s o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  h i s  
t o t a l  d o s e .  Many o t h e r  r a d i o n u c l i d e s  a r e  r e f e r r e d  t o  a s  "man made" i n  t h e  s e n s e  
t h a t  t h e y  can be produced i n  l a r g e  q u a n t i t i e s  by such means a s  n u c l e a r  r e a c t o r s ,  
a c c e l e r a t o r s ,  o r  n u c l e a r  weapons t e s t s .  

The term "cosmic r a d i a t i o n "  r e f e r s  b o t h  t o  t h e  p r imary  e n e r g e t i c  p a r t i c l e s  
of e x t r a - t e r r e s t r i a l  o r i g i n  t h a t  a r e  i n c i d e n t  on t h e  e a r t h ' s  atmosphere and t o  
t h e  secondary  p a r t i c l e s  t h a t  a r e  g e n e r a t e d  by t h e  i n t e r a c t i o n  of t h e s e  p r i m a r y  
p a r t i c l e s  w i t h  t h e  a tmosphere ,  and r e a c h  ground l e v e l .  Primary cosmic r a d i a t i o n  
c o n s i s t s  o f  " g a l a c t i c "  p a r t i c l e s  e x t e r n a l l y  i n c i d e n t  on t h e  s o l a r  sys tem,  and 
" s o l a r "  p a r t i c l e s  e m i t t e d  by t h e  sun .  T h i s  r a d i a t i o n  i s  composed p r i m a r i l y  o f  
e n e r g e t i c  p r o t o n s  and a l p h a  p a r t i c l e s .  The f i r s t  g e n e r a t i o n  of secondary  
p a r t i c l e s  ( secondary  cosmic r a d i a t i o n ) ,  produced by n u c l e a r  i n t e r a c t i o n s  o f  t h e  
p r imary  p a r t i c l e s  w i t h  t h e  a tmosphere ,  c o n s i s t s  predominant ly  of n e u t r o n s ,  
p r o t o n s ,  and p i o n s .  P i o n  d e c a y ,  i n  t u r n ,  r e s u l t s  i n  t h e  p r o d u c t i o n  of e l e c -  
t r o n s ,  p h o t o n s ,  and muons. A t  t h e  lower  e l e v a t i o n s ,  t h e  h i g h l y  p e n e t r a t i n g  
muons and t h e i r  a s s o c i a t e d  decay and c o l l i s i o n  e l e c t r o n s  a r e  t h e  dominant 
components o f  t h e  cosmic-ray p a r t i c l e  f l u x  d e n s i t y .  These p a r t i c l e s ,  t o g e t h e r  
w i t h  pho tons  from t h e  gamma-emitting, n a t u r a l l y  o c c u r r i n g  r a d i o n u c l i d e s  i n  t h e  
l o c a l  env i ronment ,  form t h e  e x t e r n a l  p e n e t r a t i n g  component of t h e  background 
env i ronmenta l  r a d i a t i o n  f i e l d  which p r o v i d e s  a  s i g n i f i c a n t  p o r t i o n  of t h e  whole- 
body r a d i a t i o n  dose  t o  man. 
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In addition to the direct cosmic radiation, cosmic sources include cosmic- 
ray-produced radioactivity, i.e., cosmogenic radionuclides. The major produc- . 
tion of cosmogenic radionuclides is through interaction of the cosmic rays with 
the atmospheric gases through a variety of spallation or neutron-capture reac- 
tions. The four cosmogenic radionuclides that contribute a measurable radiation f 

dose to man are carbon-14, sodium-22, beryllium-7, and tritium (hydrogen-3), all 
produced in the atmosphere. 

BACKGROUND RADIATION DOSES 

Background radiation doses are comprised of an external component of radia- 
tion impinging on man from outside the body and an internal component due to 
radioactive materials taken into the body by inhalation or ingestion. 

Radiation dose may be expressed in units of rads or rems, depending upon 
whether the reference is to the energy deposited or to the biological effect. A 
rad is the amount of radiation that deposits a certain amount of energy in each 
gram of material. It applies to all radiations and to all materials which 
absorb that radiation. 

Since different types of radiation produce ionizations at different rates 
as they pass through tissue, differences in damage to tissues (and hence the 
biological effectiveness of different radiations) has been noticed. A rem is 
defined as the amount of energy absorbed (in rads) from a given type of radia- 
tion multiplied by the factor appropriate for the particular type of radiation 
in order to approximate the biological damage that it causes relative to a rad 
of x or gamma radiation. The concept behind the unit "rem" permits evaluation 
of potential effects from radiation exposure without regard to the type of 
radiation or its source. One rem received from cosmic radiation results in the 
same biological effects as one rem from medical x-rays or one rem from the 
radiations emitted by naturally occurring or man-made radioactive materials. 

The external penetrating radiation dose to man derives from both terres- 
trial radioactivity and cosmic radiation. The terrestrial component is due 
primarily to the gamma dose from potassium-40 and the radioactive decay products 
of thorium-232 and uranium-238 in soil as well as from the beta-gamma dose from 
radon daughters in the atmosphere. Radon is a gaseous member of the uranium-238 
chain. The population-weighted external dose to an individual's whole body from 
terrestrial sources in the United States has been estimated as 15 mrem per year 
for the Atlantic and Gulf Coastal Plain, 57 mrem per year for an indeterminate 
area along the Rocky Mountains, and 29 mrem per year for the majority of the 
rest of the United States. The overall population-weighted external dose for 
the U.S. population as a whole has been estimated to be 26 mrem per year. 

The cosmic radiation dose, due to the charged particles and neutrons from 
secondary cosmic rays, is typically about 30% to 50% of the total from all 
external environmental radiation. The cosmic-ray dose to the population is 
estimated to be 26 mrem per year for those living at sea level, and increases 
with increasing altitude. Considering the altitude distribution of the U.S. 
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population, the population-weighted external cosmic-ray dose is 28 mrem per 
year. The population-weighted total external dose from terrestrial plus cosmic 
sources is thus 54 mrem per year for the U.S. population as a whole. 

The internal radiation doses derive from terrestrial and cosmogenic radio- 
nuclides deposited within the body through uptake by inhalation/ingestion of 
air, food, and drinking water. Once deposited in the body, many radioactive 
materials can be incorporated into tissues because the chemical properti-es of 
the radioisotopes are identical or similar to stable isotopes in the tissues. 
Potassium-40, for instance, is incorporated into tissues in the same manner as 
stable potassium atoms because the chemical properties are identical; radio- 
active radium and strontium can be incorporated into tissues in the same manner 
as calcium because their chemical properties are similar. Once deposited in 
tissue, these radionuclides emit radiation that results in the internal dose to 
individual organs and/or the whole body as long as it is in the body. 

The internal dose to the lung is due primarily to the inhalation of polonium- 
218 and -214 (radon daughters), lead-212 and bismuth-212 (thoron daughters) and 
polonium-210 (one of the longer-lived radon decay products). The dose to the 
lung IS about 100 mrem per year from inhaled natural radioactivity. The internal 
dose from subsequent incorporation of inhaled or ingested radioactivity is due 
to a beta-gamma dose from incorporation of potassium-40, rubidium-87, and cosmo- 
genic nuclides, and an alpha dose from incorporation of primarily polonium-210, 
radium-226 and -228, and uranium-238 and -234. The dose to man from internally 
incorporated radionuclides is about 28 mrem per year to the gonads, about 25 
mrem per year to the bone marrow, lung, and other soft tissues, and about 117 
mrem per year to the bone (osteocytes). The bone dose arises primarily from the 
alpha-emitting members of the naturally occurring series, with polonium-210 
being the largest contributor. The gonadal and soft tissue doses arise 
primarily from the beta and gamma emissions from potassium-40. The total internal 
dose from inhaled plus incorporated radioactivity is about 28 mrem per year to 
the gonads (or whole-body dose), about 125 mrem per year to the lung, about 
25 mrem per year to the bone marrow, and about 117 mrem per year to the bone 
(osteocytes) . 

The total natural background radiation dose is the sum of the external and 
internal components. The population-weighted dose for the U.S. population as a 
whole is about 82 mrem per year to the gonads or whole body, about 179 mrem per 
year to the lung, about 79 mrem per year to the bone marrow, and about 171 mrem 
per year to the bone (osteocytes). 

Besides the natural background radiation, background radiation doses 
include contributions from man-made or technologically enhanced sources of 
radiation. By far, the most significant are x-ray and radiopharmaceutical 
medical examinations. These contribute a population-averaged dose estimated to 
be 70 mrem per year for the U.S. population as a whole. Fallout from nuclear 
weapons testing through 1970 has contributed 50-year dose commitments estimated 
as 80 mrem external, and 30, 20, and 45 mrem internal to the gonads, Lung, and 
bone marrow, respectively. Contributions from the use of fossil fuels (natural 
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gas and coal) and nuclear reactors; mining, milling, and tailings piles; tele- 
vision sets, smoke detectors, and watch dials could be responsible for an 
additional 5 mrem per year, averaged over the U.S. population as a whole. In 
addition, the use of radiat~on or radioactivity for scientific, industrial, or 
medical purposes may cause workers in the industry and, to a lesser extent, 
members of the general public, to receive some radiation exposure above natural 
background. 

EVALUATION OF RADIATION DOSE AND POTENTIAL HAZARD 

Radiation, regardless of its sources, is considered to be a hazard because 
of its potential for producing adverse effects on human life. Very large amounts 
of radiation received over a brief period, i.e., hundreds of rem delivered 
within a few hours, can produce severe injury or death within days or weeks. 
Distributed over longer intervals, however, these same doses would not cause 
early illness or fatality. At doses and rates too low to produce these 
immediate symptoms, chronic or repeated exposure to radiation can bring about 
biological damage which does not appear until years or decades later. These 
low-level effects are stochastic in nature; their probability rather than their 
severity increases with dose. Primary among these latent or delayed effects are 
somatic effects, where insults such as cancers occur directly to the individual 
exposed, and genetic defects, where, through damage to the reproductive cells of 
the exposed individual, disability and disease ranging from subtle to severe are 
transmitted to his offspring. 

Clinical or observed evidence of a relationship between radiation and human 
cancers arise from several sources. The most important data come from the 
victims of Hiroshima and Nagasaki, patients exposed during medical therapy, 
radium dial painters, and uranium miners. Data exist only for relatively large 
doses; there have been no direct measurements of increased incidence of cancer 
for low-level radiation exposures. Evaluation of the available data has lead to 
estimates of the risk of radiation-induced cancer; estimated risks for the lower 
doses have been derived by linear extrapolation from the higher doses. All- 
radiation exposures then, no matter how small, are assumed to be capable of 
increasing an individual's risk of contracting cancer. 

Data on genetic defects resulting from radiation exposure of humans is not 
available to the extent necessary to allow an estimate of the risk of radiation- 
induced effects. Data from animals, along with general knowledge of genetics, 
have been used to derive an estimate of the risks of genetic effects. 

Estimates of health effects from radiation doses are usually based on risk 
factors as provided in International Commission on Radiological Protection 
(ICRP), National Research Council Advisory Committee on the Biological Effects 
of Ionizing Radiation (BEIR), or United Nations Scientific Committee on the 
Effects of Atomic Radiation (UNSCEAR) reports. Multiplying the estimated dose by 
the appropriate risk factor provides an estimate of the risk or probability of 
induction of health effects to an individual or his descendants as a result of 
that exposure. The evaluation of these risk factors is presently subject to 
large uncertainties and, therefore, potential continual revision. The risk 
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factors recommended by the ICRP for cancer mortality and hereditary ill health 
to the first and second generations are lo-* per rem of whole-body dose and 
4 x 10 per rem of gonadal dose, respectively. As an example, a whole-body 
dose of 1 rem would be estimated to add a risk of cancer mortality to the 
exposed invididual of lo-*, i .e. , 1 chance in 10,000. However, a precise 
numerical value cannot be assigned with any certainty to a particular individ- 
ual's increase in risk attributable to radiation exposure. The reasons for this 
are numerous and include the following: (1) uncertainties over the influence of 
the individual's age, state of health, personal habits, family medical history, 
and previous or concurrent exposure to other cancer-causing agents, (2) the 
variability in the latent period (time between exposure and physical evidence of 
disease), and (3) the uncertainty in the risk factor itself. 

To be meaningful, an attempt should be made to view such risk estimates in 
the appropriate context. One useful comparison is with risks encountered in 
normal life. Another comparison, potentially more useful, is with an estimation 
of the risks attributable to natural background radiation. Radiation from 
natural external and internal radioactivity results in the same types of inter- 
actions with body tissues as that from "man-made" radioactivity. Hence, the 
risks from a specified dose are the same regardless of the source. Rather than 
going through an intermediate step involving risk factors, doses can also be 
compared directly to natural background radiation doses. 

Besides estimation of risks and comparisons to natural background, doses 
may be compared to standards and regulations. The appropriate standards, the 
Department of Energy's "Requirements for Radiation Protection," give limits for 
external and internal exposures for the whole body and specified organs which 
are expressed as the permissible dose or dose commitment annually in addition to 
natural background and medical exposures. There are, in general, two sets of 
limits, one applicable to occupationally exposed persons and the second appli- 
cable to individuals and population groups of the general public. The limits 
for individuals of the public are one-tenth of those permitted for occupation- 
ally exposed individuals. The set of limits important to this report are those 
applicable to individuals and population groups of the public. The limits for 
individuals of the public are 500 mrem per year to the whole body, gonads, or 
bone marrow and 1500 mrem per year to other organs. The limits for population 
groups of the public are 170 mrem to the whole body, gonads, or bone marrow and 
500 mrem per year to other organs, averaged over the group. In either case, 
exposures are to be limited to the lowest levels reasonably achievable within 
the given limits. 
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DOSE DETERMINATION CALCULATION 

External Exposure 

External penetrating radiation dose rates are measured on contact with an 
end-window beta-gamma Geiger-Mueller (GM) detector (7 mg/cm2 window), and at 
1 meter with a NaI crystal detector (1 in diameter by 1 in thick) manufactured 
by Eberline Corporation (PRM-7 pR Meter). For the purpose of these calcula- 
tions, the following conservative assumptions are made. First, it is assumed 
that the half-life of the contaminant is long and, therefore, the dose rate is 
constant with respect to time. Second, it is assumed that a person is station- 
ary at the location of maximum dose for 40 hours per week for 50 weeks per year. 
For such a situation, the annual dose (A) for a 0.3 mR/h radiation field (about 
ten times normal background) would be: 

For the purposes of this example it is assumed that one milliRoentgen of 
penetrating radiation is equivalent to one millirem of dose. Hence, the maximum 
dose for this case would be 600 mrem. This val.ue is then compared with 
allowable limit of 500 mrem per year for a person non-occupationally exposed. 

Internal Exposure 

The internal radiological hazard from inhalation/ingestion of contamination 
is assessed by postulating hypothetical "worst case" scenarios. To this end two 
cases are considered. The first case is based on the situation whereby a child 
would eat 100 g per year of the contaminated soil. The second case assumes a 
home gardener would rototill the contaminated soil (dry) to a 1-ft depth for a 
working day (eight hours) once a year. For this latter case, a resuspension 
factor of m-l, a breathing rate of 9 . 6  m3/working day and a soil density of 
1.5 g/cm3, are used. In both cases it is assumed that the average concentration 
of contaminants in the soil is equal to the maximum measured value (a conserva- 
tive assumption) All calculations are based on methods outlined in ORNL/NUREG/ 
TM-190, Vol. 3. ( I  These calculations approximate the ICRP-30 guidelines for 
hazard analysis. 

The adult inhalation and ingestion dose commitment factors for the bone, 
lung and total body from 2 3 8 ~ ,  2 3 5 ~  and 2 3 2 ~ h  (and all their significant daughters), 
as determined in Reference 2 ,  are given in Table 1. For the purposes of these 
calculations, normal uranium is assumed to be composed of 2.26% 2 3 5 ~ ,  and 97.74% 
2 3 4 ~  and 2 3 8 ~  (in equilibrium) by activity. 

Based on the above scenarios and assuming a soil contamination of 5 pCi/g 
of radium (EPA limits) the following hazard levels (50-year dose commitment for 
one year of intake) can be calculated. 
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I n g e s t i o n  (consumption o f  100 g / y r  of s o i l ) :  

Bone : 6 . 5  x mrem/pCi x 5  pCi /g  x 100 g  = 3 2 . 5  mrem 
T o t a l  Body: 5 . 5  x mrem/pCi x 5  pCi /g  x 100 g  = 2.75 mrem 

I n h a l a t i o n  ( r o t o t i l l i n g  and b r e a t h i n g  ensu ing  a e r o s o l ) :  

Lung : 1 .1  x 10-I  mrem/pCi x 2.285 p ~ i / m 3  x 9 . 6  m3  = 2 . 4  mrem 
Bone : 9 . 2  x mrem/pCi x 2.285 p ~ i / m 3  x 9 . 6  m3 = 2 . 0  mrem 
T o t a l  Body: 9 . 5  x mrem/pCi x 2.285 p ~ i / m 3  x 9 . 6  m3 = 0 . 2  mrem 

These v a l u e s  a r e  t h e n  compared w i t h  h  a l l o w a b l e  l i m i t  o f  170 mrem p e r  y e a r  f o r  
a p e r s o n  n o n - o c c u p a t i o n a l l y  exposed.  f15 

TABLE 1 

FIFTY -- YEAR DOSE COMMITMENT FACTORS ( ~ n h a l a t i o n /  l n g e s  t i o n )  a 
(mrem/pCi a s s i m i l a t e d )  

Nucl ide  
b  

2 3 8u 
234-0 

2 3 0 ~ h  
2 2 6 ~ a  
2 1 0 ~ o  
' OPb 
T o t a l  Chain 
2 2 6 ~ a  Chain 
238u+234u 

2 3 5u 

2 3 1 ~ a  
' 7~~ 

' 3Ra 
2 2 7 ~ h  
T o t a l  Chain 

2 3 2 ~ h  
8 ~ h  
8Ra 

2 2 4 ~ a  
'12Pb 
T o t a l  Chain 

I n h a l a t i o n  
Lung T o t a l  Body 

I n g e s t i o n  -- 

T o t a l  Bodv 

a  
Data t a k e n  from Refe rence  2 .  

b  
N u c l i d e s  i n  t h e  c h a i n  t h a t  c o n t r i b u t e  n e g l i g i b l y  ( e - g .  < l o w 6  mrem) have n o t  
been i n c l u d e d .  
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