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ABSTRACT 

A surface radiological investigation was conducted intermittently from June 1994 to 
June 1995 at the proposed site for Solid Waste Storage Area (SWSA) 7. Forty-two 10- by 
10-ft plots were surveyed to give general coverage of the area and to give more thorough 
coverage of projected building sites and storage areas. Three additional plots were examined 
outside the SWSA 7 area. 

Surface soil at the proposed SWSA 7 site contained many particles of insoluble 
strontium, which was most probably strontium titanate. No other major beta or gamma 
contaminants were found. The particles were widely distributed with greater numbers present 
in the southern part of the site and in the top 6 in. of soil. Two plots with no particles on the 
surface contained subsurface particles. Particles identified during this survey ranged up to 
9700 dpm, but most were < 1500 dpm. Activity seemed to be randomly distributed-that is, the 
hottest particles were not concentrated in any particular plots or at any particular soil depth. 

The insoluble wSr particles may have originated from SWSA 5 during the solid waste 
disposal of material from Building 3517 into the SWSA 5 trenches. This assumption is based 
on historical evidence and the following survey results: 

1. 
2. 
3. 

the particles were present in much higher numbers near SWSA 5, 
the particles were absent on top of Haw Ridge, and 
the particles were absent on the north side of Haw Ridge toward the ORNL main 
plant area and Building 3517 where this material was originally produced. 

It is recommended that any work in the SWSA 7 area that disturbs the ground should 
be closely monitored and preferably preceded by a surface survey of this type to define more 
precisely how closely the job will need to be monitored. When newly excavated soil dries, 
exposed particles can potentially become airborne and quickly become an inhalation hazard. 

It is further recommended that Melton Valley be systematically surveyed to better define 
the pattern of particle deposition and the plume or plumes from which these particles were 
originally deposited. Systematic coverage could best be accomplished by surveying 1-m2 plots, 
established at -1OOO-ft intervals, radiating in various directions from the SWSA 5 boundary 
and extending beyond the outermost boundary of particle deposition. 

xi 



1. INTRODUCTION 

A surface radiological investigation was conducted intermittently from June 1994 to 
June 1995 at the proposed site for Solid Waste Storage Area (SWSA) 7. The survey was 
performed by the Measurement Applications and Development (MAD) Group, Health 
Sciences Research Division, Oak Ridge National Laboratory ( O W )  at the request of 
ORNL Waste Management and Remedial Action Division personnel. 

Figure 1 shows the location of the proposed SWSA 7 site in relation to the ORNL main 
plant area and primary local roads. 

The stimulus for this survey was provided by the location of this site in relation to earlier 
incidences. In June 1992 a man's trousers became contaminated with %r while he was 
reviewing work on top of the High Flux Isotope Reactor (HFIR) cooling tower. Radiation 
surveys identified %Sr on the roo& of older buildings at the HFIR site. Since no %Sr was 
found on buildings built between 1988 and 1990, the %r was thought to have been deposited 
prior to 1988 (Appendix A). Later in 1992, beta particles were identified on a bulldozer that 
had been used in a wooded area southwest of the Health Physics Research Reactor (HPRR) 
Access Road (Appendix A). A subsequent surface survey in the area revealed numerous 
minute particles that "could be easily missed by slow-speed scanning" (Appendix A). More 
recently in April 1995, %r particles were identified on the top side of ceiling tiles in the 
overhead area of a building in the HFIR Complex (Appendix A). Considering that the 
proposed SWSA 7 site was located between the HFIR complex and the HPRR Access Road, 
it was deemed prudent to investigate the possibility that beta particles might also be present 
at the SWSA 7 site. 

A possible explanation for the presence of these particles has been provided by long-time 
ORNL employees and retirees.* Strontium-90 as the titanate was developed in the early 
1960s as part of the Systems for Nuclear Auxiliary Power (SNAP) Program. The idea was to 
produce an insoluble compound of %r so that a capsule failure at sea would not result in 
contamination of the oceans. Most of the isotopic SNAP sources were used as weather 
stations in the arctic, as sonar beacons in the Atlantic, and as light beacons in the Chesapeake 
Bay. 

Strontium titanate (%rTiO,) was produced at the Fission Product Development 
Laboratory (Building 3517) in the ORNL main plant area. Waste from the process was loaded 
into a 1-in. lead-lined dumpster, which was transferred to SWSA 5 where it was dumped into 
a trench. Dumping allowed some particles to become airborne, which resulted in what was 
referred to as the "The Problem"-controlling the spread of particles at the SWSA. To 
minimize the spread of particles, special 3-in. lead-lined stainless steel dumpsters were 
fabricated that were smaller than regular dumpsters and could be lowered into the trench 
before dumping. This resulted in a contaminated dumpster and dumpster rack, which had to 

*Material collected and provided by J. K. Williams of the Health Sciences Research 
Division, ORNL (See Appendix A). 
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be decontaminated. Around 1969, a cask was designed that was used to fill a 55-gal drum that 
could be later lowered into the trench, thus eliminating the particle problem. 

Radiation detection instrumentation at that time was less sensitive than it is today. This 
was many years prior to the now common Geiger-Mueller (GM) pancake detectors. At that 
time, particles were detected with a GM end-window survey meter and picked up with tape 
for disposal. Particles of up to 20 mradh were detected, but the vast majority were smaller 
(Appendix A). 

Considering the layout of the ridges around ORNL and the direction of the wind,* it 
was considered possible that some of the particles might have spread in the direction of 
HFIR, HPRR, and the proposed SWSA 7 site. Therefore, this surface radiological survey was 
undertaken to determine if the SWSA 7 site was radiologically contaminated and to what 
degree. 

*Prevailing winds are generally up-valley from the southwest and west-southwest, or 
down-valley from the northeast and east-northeast. The pattern is the result of the channeling 
effect of the ridges. Winds in the valleys tend to follow the ridges, with limited cross-ridge 
flow. Any material released in the valley winds would tend to stay within the valley: 
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2. SURVEY METHODS 

A description of typical methods and instrumentation providing guidance for the conduct 
of this survey is presented in Procedures Manual for the O W L  Radiological Survey Activities 
(MU) Bogram? Guidelines for the use and calibration of instruments are given in 
MeasurementApplicatiom and Development Group G~idel ines .~ All direct-measurement results 
presented in this report are gross readings; background radiation levels have not been 
subtracted. Similarly, background concentrations have not been subtracted from radionuclide 
concentrations measured in environmental samples. 

2.1 GAMMARADIATION 

Surface gamma radiation was measured with a sodium iodide (NaI) scintillation probe 
connected to a Victoreen Model 490 Thyac III ratemeter. Because NaI gamma scintillators 
are energydependent, measurements of gamma radiation levels made with these instruments 
must be normalized to pressurized ionization chamber (PIC) measurements to estimate 
gamma exposure rates. The function developed for these conversions is 

where 

y = the exposure rate (@AI), 
CF = the slope of the regression line calculated by plotting a selected number of PIC 

measurements (a) vs scintillometer measurements (kcpm) at the same 
locations, 

x = the scintillometer measurements in thousand counts per minute (kcpm). 

At this site, CF = 3 . 

2.2 BETA-GAMMA RADIATION 

A Bicron miniscaledratemeter with a Geiger-Mueller (GM) pancake detector was used 
to detect beta-gamma radiation. After characterization of the detectors with known beta 
fields: beta radiation detection levels in counts per minute were converted to dose rates in 
millirads per hour using the following relationship: 

2500 cpm = 1 mrad/h . 
The absolute efficiency of the pancake probe when using a %r point source is -44%. 

Therefore, detection levels in counts per minute were converted to disintegrations per minute 
using the following relationship: 

cpdO.44 = dpm . 
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The absolute efficiency of the pancake probe for detection of gamma radiation is -1%. 
Therefore, surface scans with the pancake probe in the open position are referred to as “beta 
scans.” 

2.3 SURVEYPLOTS 

Forty-two 10- by 10-ft survey plots were randomly staked off to give general coverage of 
the proposed SWSA 7 area and to give more thorough coverage of projected building sites 
and storage areas. General locations of the 42 plots are shown in Fig. 2. 

When it was determined that hot particles were widely distributed throughout the 
proposed SWSA 7 site, three additional plots (Plots 43, 44, and 45) were established in an 
attempt to determine where the particles had originated. 

There were two possible points of origin: (1) Building 3517 where the particles were 
produced or (2) SWSA 5 where the particles were disposed of. Building 3517 is located in the 
ORNL main plant complex in Bethel Valley. SWSA 5 is located in Melton Valley, which is 
separated from Bethel Valley by Haw Ridge. Therefore, a 5- by 5-ft plot was staked off on 
the north side of Haw Ridge (Plot 44) near the main plant area, another on top of Haw 
Ridge (Plot 4 9 ,  and a third near SWSA 5 (Plot 43). The plot near SWSA 5 was reduced to 
5- by l-ft after the particle count began. General locations of Plots 43,44, and 45 are shown 
in Fig. 3. 

1. 
2. 

3. 

4. 
5. 
6. 
7. 
8. 
9. 

2.4 SURVEY PROCEDURES 

General survey procedure for the first 36 plots: 
A surface gamma scan was conducted at the undisturbed plot. 
A surface beta scan was conducted at the undisturbed plot to obtain a record of 
typical plot beta levels. 
All elevated spots (particles) at least 230 dpm (100 cpm)* above typical plot beta- 
gamma levels were flagged and the count rate recorded. 
The top layer of leaves representing roughly one year’s leaf fall was raked away. 
The beta scan was repeated on the lightly raked plot. 
All elevated spots were identified, the count rate determined and recorded. 
The plot was raked to the bare ground and the beta scan repeated. 
All elevated spots were again identified, counted, and recorded. 
A final gamma scan was conducted over the thoroughly raked plot. 

*Some survey teams identified particles >455 dpm (200 cpm). The general tendency of 
the survey team was to raise the lower limit for classifying a particle as a “hot” particle in 
plots that contained large numbers of particles. 
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Fig. 2. Diagram showing general location of 42 survey plots at the proposed SWSA 7 site. [Plots enlarged 
(-6x) for visibility on this drawing.] 
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Fig. 3. Diagram showing location of plots 43, 44, and 45 in relation to SWSA 5 and the original 42 survey plots. 
[Plots enlarged (-6x) for visibility on this drawing.] 
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Beginning with Plot 36, survey procedures were revised to omit the first beta scan. 
Previously identified particles had been mainly located in the soil rather than on top of the 
leaves. Plots 36 through 42 were lightly raked and only the final two beta scans conducted. 
Therefore, steps 2 and 3 of the previously listed survey procedures were omitted for Plots 36 
through 42, 44, and 45. Survey procedures at Plot 43 included Steps 1, 4, 6, and 9 before 
proceeding to the depth profile described below. 

All elevated particles identified in Plots 1 through 31 were collected as composite sample 
material. At that point it was determined that enough sample material had been obtained, and 
particles identified in Plots 32 through 43 were left in place. 

2-5 DEPTH PROmLES 

In order to determine how deep the particles were buried, depth profiles were conducted 
on Plots 6, 13, 18, 39, and 43. Soil was systematically scraped away (usually 1 or 2 in. at a 
time) and particle counts were repeated at each depth until the particle count decreased 
significantly. 

2.6 ENVIRONMENTAL SAMPLE 

Particles from Plot 27 were isolated and combined into a single sample that was 
submitted to ORNL Chemical and Analytical Services Division for analysis of gross beta, 9oSr, 
and 9. Particles for Plot 27 were also submitted for analysis on the HNU X-Ray System 
5000. 
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3. SURVEY RESULTS 

3.1 GAMMA EXPOSURE RATES 

Background gamma exposure rates measured in uncontaminated areas on the Oak Ridge 
Reservation generally range from 10 to 17 pFUh at the ground surface? Similar levels ranging 
from 7 to 20 pRb were measured at the proposed SWSA 7 site (Table 1). No elevated 
gamma radiation levels were found in any of the plots either before the plot was disturbed 
or after the plot was raked to the bare ground. No gamma activity was associated with any 
of the hot particles. 

3.2 BETA ACXIVITY RANGES 

Results of the three beta scans are shown in Table 2. Beta activity of individual particles 
is excluded from this table, although the number of particles identified after the surface beta 
scan is included. In general, beta activity ranged within the typical background levels [75 to 
200 dpm (30 to 90 cpm)] when no particles or only a few particles were present. The 
presence of numerous hot particles tended to increase beta activity ranges above typical 
background levels. 

3.3 PARTICLES 

Total number of particles per plot and average and maximum particle activity are shown 
in Table 3. Particle activity ranged up to 9700 dpm (Table 3), but most particles were 
< 1500 dpm (Fig. 4). Activity seemed to be randomly distributed-that is, the hottest particles 
were not concentrated in any particular plots or at any particular soil depth. 

In Fig. 5, the total number of particles identified in each plot has been placed on an area 
drawing to show that the largest numbers of particles were located at the southern end of the 
proposed SWSA 7 site. The plot on top of Haw Ridge and on the north side of Haw Ridge 
contained no hot particles.* A single scan after a light raking at Plot 43 near SWSA 5 
produced -5 particles per ft2 (Table 4). Thus, it can be estimated that >500 hot particles can 
be found at the surface in a 10- by 10-ft plot near SWSA 5. 

Using data from various sources,6" the typical particle at SWSA 7 was calculated to be 
-5.5 x cm3 with a diameter of -0.02 microns. (See Appendix B.) 

*Similar results were noted by personnel from the ORNL Office of Radiation Protection 
in earlier surveys (personal communication, W. C. Hayes, Office of Radiation Protection, 
ORNL, to S. P. McKenzie, Health Sciences Research Division, ORNL, May 1995). 
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Table 1. Surface gamma exposure rates at survey plots 

Surface gamma Final surface gamma 
size exposure rates" exposure ratesb 

(CLRm) ( P W  (ft) 
Plot No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

10 x 10 

10 x 10 

10 x 10 

10 x 10 

10 x 10 

10 x 10 

10 x 10 

10 x 10 

10 x 10 

10 x 10 

10x10 

10 x 10 

10 x 10 

10 x 10 

10 x 10 

10x10 

10 x 10 

10x10 

10 x 10 

10 x 10 

10 x 10 

10 x 10 

10 x 10 

10x10 

10 x 10 

10 x 10 

9-10 

12- 15 

11-14 

10-12 

9-12 

10-12 

12-16 

12-15 

12-19 

12-20 

9-14 

9-12 

10-14 

10-14 

11-13 

10-13 

8-1 1 

10-13 

8-12 

9-12 

10-12 

10-13 

9-1 1 

10-12 

9-12 

9-12 

8-10 

12-15 

10-15 

10-12 

9-12 

10-12 

14-16 

12-18 

12-20 

9-14 

10-14 

10-14 

10-12 

11-13 

10-14 

10-1 1 

9-12 

10-13 

9-11 

10-12 

10-12 

10-12 

10-13 

10-13 

10-12 

8-11 
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Table 1 (continued) 

Surface gamma Final surface gamma 
size exposure rates' exposure ratesb 

0tl-W OtW) (ft) 
Plot No. 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

10x10 

10x10 

10 x 10 

10x10 

10 x 10 

10x10 

10x10 

10x10 

10 x 10 

10x10 

10 x 10 

10 x 10 

10x10 

10x10 

10x10 

10 x 10 

5 x 1  

5x5  

5 x 5  

9-12 

8-11 

7-11 

8-10 

8-10 

8-10 

8-9 

8-12 

8-10 

8-11 

9-12 

10-12 

10-12 

8-10 

10-14 

9-14 

10-12 

l0-1P 

8-9 

9-12 

8-10 

9-11 

8-9 

10-12 

8-10 

8-10 

8-12 

8-12 

9-10 

10-12 

8-11 

10-14 

8-9 

9-10 

9-11 

6-8" 

10-12 

8-10 

'Gamma scan at undisturbed plot. 
bGamma scan after plot raked to bare ground. 
'Gamma exposure rates at depth of 6 in. 
dAfter plot raked lightly. 
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Tabk 2 Beta activity ranges (excluding hot particles) and number of particles 
identified after each beta scan at s w e y  plots 

Beta activity 
range, 

(dPW 

No. 
particles 
identified 2nd 
after 1st 

(dpm) beta scanb 

Beta activity 
Plot range, 
No. 1st scan" 

No. 
particles range, particles 

identified 3rd identified 
after 2nd after 3rd 
beta scanb (dpm) beta scanb 

No. Beta activity 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

100-140 

91-140 

75-140 

100-140 

100-200 

100-160 

100-170 

87- 120 

120-150 

120-160 

98-130 

130-160 

170-200 

180-200 

200-280 

110-140 

100-140 

130-170 

110-180 

120-160 

120-180 

120-180 

100-140 

110-200 

0 

0 

0 

0 

0 

1 

0 

1 

1 

2 

0 

1 

6 

7 

24 

0 

0 

0 

0 

0 

0 

0 

1 

0 

86-150 

98-130 

91-140 

110-160 

95-170 

110-160 

120-160 

110-160 

120-160 

130-160 

100-140 

140-180 

190-220 

180-210 

210-260 

86-120 

120-150 

120-200 

120-160 

140-190 

120-180 

110-180 

100-170 

110-160 

2 

1 

0 

0 

0 

1 

0 

1 

1 

1 

0 

4 

11 

6 

18 

0 

0 

1 

0 

0 

0 

0 

0 

0 

100-200 

91-160 

100-160 

98-150 

100-190 

98-180 

110-160 

100-140 

120-160 

130-160 

120-140 

120-150 

190-220 

200-220 

200-250 

86-140 

110- 140 

130-230 

95- 180 

130-200 

120-230 

130-190 

120-190 

110-180 

1 

1 

0 

2 

2 

3 

2 

2 

1 

2 

1 

1 

6 

13 

14 

2 

2 

2 

2 

0 

0 

0 

0 

0 
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Table 2 (continued) 

Plot 
No. 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

No. Beta activity particles 
range, identified 2nd range, Scant identified 3rd range, identified 

after 3rd 
(dpm) beta scanb (dpm) beta scanb (dpm) beta scanb 

No. Beta activity particles No*  eta activity particles 

after 1st after 2nd 1st scana 

160-210 

120-300 

120-270 

100-240 

86-160 

91-180 

92-160 

87-140 

110-150 

95-160 

98-160 

f 
f 
f 
f 
f 
f 
f 
f 
f 
f 

0 

2 

5 

6 

1 

0 

2 

0 

0 

0 

0 

f 
f 
f 
f 
f 
f 
f 
f 
f 
f 

140-310 

130-230 

120-330 

120-200 

93-210 

110-160 

91-200 

100-150 

91-230 

110-160 

100-160 

140-200 

110-190 

130-180 

130-220 

110-160 

77-140 

120-200 

g 

110-270 

93-170 

6 

6 

4 

4 

4 

2 

7 

0 

3 

15 

4 

11 

4 

8 

10 

4 

2 

4 

g 

0 

0 

130-320 

130-280 

130-420 

110-420 

130-380 

120-180 

110-190 

120-180 

120-210 

98-180 

110-260 

150-200 

120-200 

110-160 

140-210 

100-160 

110-180 

150-230 

g 

100-280 

110-170 

16 

31 

33 

43 

26 

9 

3 

7 

4 

16 

15 

16 

5 

8 

9 

8 

3 

7 

g 
0 

0 

“Beta activity range at undisturbed plot. 
bActivity of hot particles shown in Table 3. 
”Beta activity range after top layer of leaves (representing - 1 year’s leaf fall) raked away. 
dBeta activity range after plot raked to bare ground. 
fsurvey procedures revised to omit beta Scan before leaves raked. 
&e Table 4. 



Table 3. Beta-- dose rates, number of hot particles, and activity of hot particles at 42 
10- by 10-ft survey plots at the proposed SWSA 7 site 

Beta-gamma Number hot particles Particle activity (dpm) 

(mad/h) Scan 1' Scan 2" Scan 3d Total Average Maximum 
Plot No. dose rates" 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

0.02-0.04 

0.02-0.03 

0.01-0.03 

0.02-0.03 

0.02-0.04 

0.02-0.03 

0.02-0.03 

0.02-0.03 

0.02-0.03 

0.02-0.03 

0.02-0.03 

0.02-0.03 

0.03-0.04 

0.03-0.04 

0.04-0.05 

0.02-0.03 

0.02-0.03 

0.02-0.04 

0.02-0.03 

0.02-0.04 

0.02-0.04 

0.02-0.03 

0.02-0.03 

0.02-0.04 

0.02-0.06 

0.02-0.05 

0.02-0.07 

0.02-0.07 

0 

0 

0 

0 

0 

1 

0 

1 

1 

2 

0 

1 

6 

7 

24 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

2 

5 

6 

2 

1 

0 

0 

0 

1 

0 

1 

1 

1 

0 

4 

11 

6 

18 

0 

0 

1 

0 

0 

0 

0 

0 

0 

6 

6 

4 

4 

1 

1 

0 

2 

2 

3 

2 

2 
1 

2 

1 

1 

6 

13 

14 

2 

2 

2 

2 
0 

0 

0 

0 

0 

16 

31 

33 

43 

3 

2 

0 

2 

2 

5 

2 

4 

3 

5 

1 

6 

23 

26 

56 

2 

2 

3 

2 
0 

0 

0 

1 

0 

22 

39 

42 

53 

1100 

1500 

e 

1000 

1200 

710 

2300 

590 

930 

3400 

700 

1600 

1100 

850 

1100 

1200 

1600 

2600 

1400 

e 

e 

e 

870 

e 

1800 

1600 

1300 

1500 

1400 

2400 

e 

1400 

1500 

2000 

2400 

900 

1100 

9600 

700 

2700 

3300 

2300 

4900 

2000 

2400 

5800 

1900 

e 

e 

e 

870 

e 

9500 

4000 

9700 

5500 
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Table 3 (continued) 

Beta-gamma Number hot particles Particle activity (dpm) 

(md/h)  Scan lb Scan Z Scan 3d Total Average Maximum 
Plot No. dose ratesa 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

0.02-0.07 

0.02-0.03 

0.02-0.03 

0.02-0.03 

0.02-0.04 

0.02-0.03 

0.02-0.03 

0.02-0.03 

0.02-0.04 

0.02-0.03 

0.02-0.04 

0.02-0.03 

0.01-0.03 

0.02-0.04 

1 

0 

2 

0 

0 

0 

0 

f 
f 
f 
f 
f 
f 
f 

4 

2 

7 

0 

3 

15 

4 

11 

4 

8 

10 

4 

2 

4 

26 31 

9 11 

3 12 

7 7 

4 7 

16 31 

15 19 

16 27 

5 9 

8 16 

9 19 

8 12 

3 5 

7 11 

660 

760 

400 

680 

1400 

1200 

730 

840 

840 

790 

lo00 

1100 

810 

810 

~ 

1900 

1900 

900 

1100 

2400 

5700 

1500 

3700 

1700 

2500 

3100 

5000 

5100 

2600 

"Compilation of beta-gamma scans, excluding hot spots. 
bScan 1 conducted on top of leaves. 
'Scan 2 conducted with top layer of leaves raked away. 
'Scan 3 conducted with plot raked to bare ground. 
CNot applicable. 
fsurvey procedures revised to exclude Scan 1. 
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3.4 DEPTHPROFILES 

Results of the depth profiles of Plots 13, 6, 18, and 39 are shown in Tables 5, 6,7, and 
8, respectively. It should be noted that Plot 18 showed only a few particles when originally 
surveyed (Table 3) at a time when the soil was damp. However, particles were located at 
deeper levels (Table 7), indicating that even plots with no apparent surface hot particles may 
have particles below the surface. 

In general, particles were distributed throughout the top few inches of soil but decreased 
noticeably at depths of 6 in. Although no samples were taken below 6 in., it is believed that 
most of the particles are located at or above 6 in. Because it is doubtful that 6 in. of soil has 
accumulated since the release of these particles, it is highly probably that the particles 
migrated to their present depths. 

Table 4. Number of partides and activity at various depths in Plot 43 
(5 x 1 ft) 

Number of particles No. of particles per Particle activity 
per 5 ft2 100 ft2 (calculated) (dpm) 

Depth 

Surface' 

Depth of 2 in. 

Depth of 4 in. 
Depth of 6 in! 

25 500 

45 900 

20 400 

6 120 

340-5700 

680-7300 

460-3000 

460-3100 
~~ ~~ ~~~ 

=Gamma exposure rates at surface ranged from 10 to 12 pl?h. 
'Gamma exposure rates at depth of 6 in. ranged from 6 to 8 @h. 

Table 5. Number of particles and activity at various depths in Plot 13 
(10 x 10 ft) 

per 100 ft2 (dpm) 
Number of particles Particle activity Depth 

Bare ground surfacea 17 460-3900 

Depth of 1/4 in. 33 48o-6800 

Depth of 112 in. 27 400-4400 

Top 1/4 in. of soil -9 460-2700 

Depth of 1 in. 37 400-3800 

Depth of 2 in. 57 300-2900 

Depth of 3 in. 53 400-2300 

Depth of 6 in. 17 320-3400 

'Newly fallen leaves raked away. 
q o p  1/4 in. of soil examined after it was removed. Data not directly 

comparable to surface scan data. 
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Table d Number of particles and activity at various depths in Plot 6 
(10 x 10 ft) 

Depth Number of particles Particle activity 
per 100 ft2 (dpm) 

Bare ground surface' 

Depth of 2 in. 

5 

10 

610-1900 

320-3700 

Deuth of 4 in. 1 680 

'Newly fallen leaves raked away. 

Table 7. Number of particles and activity at various depths in Plot 18 
(10 x 10 ft) 

Number of particles Particle activity 
per 100 fi2 (dPW 

Depth 

Bare ground surface' 30 340-1800 

Top 2 in. of soil 

Depth of 2 in. 

Next 4 in. of soil 

-2ob C 

31 

-29 

340-5700 

C 

Demh of 6 in. 3 460-1900 

'Newly fallen leaves raked away. 
bTop 2 in. of soil examined after it was removed. Data not directly 

' N o  data. 
comparable to surface scan data. 

Table 8. Number of particles and activity at various depths in Plot 39 
(10 x 10 ft) 

Depth Number of particles Particle activity 
per 100 ft2 (dpm) 

~~ ~~~~ 

Bare ground surface' 53 

Top 4 in. of soil -2ob 
Depth of 4 in. 18 

460-2700 

C 

340-5700 

"Soil very dry at time of this survey (April 11,1995). Previously surveyed 
on February 22, 1995, when soil surface was wet; only 19 particles detected 
at that time. 

bTop 4 in. of soil examined after it was removed. Data not directly 
comparable to surface scan data. 

%o data. 
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Figure 6 shows the number of particles at various depths for Plots 6, 13, and 43. The 
graph in Fig. 6 shows the curves of best fit for data in Tables 4, 5, and 6. Plots 18 and 39 
(Tables 7 and 8) were not included because less data were collected at these locations. For 
Plots 6, 13, and 43, the number of particles per 100 ft2 was integrated at 1/4-in. intervals over 
a depth of 6 in. (total area covered 10 x 10 x 0.5 ft). Results produced an estimated total of 
100 particles in Plot 6 (located near HFIR in the northwest part of SWSA 7) and 1000 
particles in Plot 39 (located in the southeast part of SWSA 7). Plot 43 located near SWSA 5 
(a possible source of the particles) contained an estimated total of 13,000 particles. 

3.5 UNDETECTED PARTICLES 

It  is estimated* that this survey missed -30% of the particles present in any given plot 
or at any given depth. It was impossible to detect particles obscured by leaves, twigs, rocks, 
or pieces of soil. It was also impossible to detect particles during wet-soil conditions. Plots 
that were revisited during dry-soil conditions always contained more particles. For example, 
Plot 39 contained 19 particles when the soil surface was wet, and 53 when the soil surface was 
dry (Table 8). 

3.6 ANALYTICAL RESULTS 

Results of radionuclide analysis of a composite sample of particles collected in Plot 27 
are shown in Table 9. Strontium-90 and 9 are present in equal quantities of 73,000 * 
3000 pCi/g and, therefore, in equilibrium. Strontium-90 with a relatively long half-life 
(29 years) decays to 9 with a relatively short half-life (64 hours). Given pure %Sr on day 0, 
it would take -30 days for the relative activity of the %r and 9 to reach equilibrium. Thus, 
it can be concluded that it has been more than 30 days since the %Sr particles were produced 
indicating that the particles have been in the soil for more than 30 days. Furthermore, the 
%r concentration plus the 9 concentration is roughly (within the margin of error) equal 
to the gross beta (lS0,OOO * 3000 pCig), indicating that no other major beta emitters were 
present. 

Table 9. Results of radiological analysis of particles from Plot 27 

Radionuclide Concentration (pCi/g) 

Gross beta 150,000 * 3,000 

%r 73,000 f 3,000 

9oy 73,000 * 3,000 

Results of analysis of composite particles from Plot 27 by the HNU X-Ray System 5000 
Spectrum Plotting Program are shown in Fig. 7. An expanded view of a portion of Fig. 7 is 
shown in Fig. 8. These figures show distinct peaks for titanium, which is present in amounts 
far greater than the minute levels normally found in the earth’s crust. Results of this analysis 
led to the conclusion that the particles are most probably strontium titanate. 

*Estimate based on best professional judgment. 
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22 

ORNL-DWG 95-8171 
81111 EUT Srstei 5000 

Spectrum Plotting Progru 
Printplot V3.000 

Sanple ID: p1114092 (J.Allred:Block 271 (2 

Energy Range: 0 - 40 keV 10 eV/cb 
Preset: Lire Tine 200 Seconds 

Peal Tile: 24l.27 See. Lire Tine: 200.00 Ssc. 

18X Deadtile 2655 CouWSecond 

Acquisition date: 21-Dec-94 Acquisition tire: 22:25:21 

‘s 161 

t 
Y - 
a 

‘“I 
c w  

-I 
Y 

5Y 

n 
X 

03 

U 
Y 

W 
Y Y  n 

Y 

W 
x 
QI 
IL 
a 

W Y  
x m  

C Y  
C T  

L W  - 

w 
Y 

C 
w 

n a c l  
Y Y Y  

3 s c  
U U N  

<-0.014 keV h e o r  = 0 ( -0.014 keV ) = 0 19.m Lev > 
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4. CONCLUSIONS AND RECOMMENDATIONS 

Surface soil at the proposed SWSA 7 site contained many particles of insoluble 
strontium, which is most probably strontium titanate. No other major beta or gamma 
contaminants were found. The particles were widely distributed with greater numbers present 
in the southern part of the site and in the top 6 in. of soil. Two plots with no particles on the 
surface contained subsurface particles. Particles identified during this survey ranged up to 
9700 dpm but most were c 1500 dpm. Activity seemed to be randomly distributed-that is, the 
hottest particles were not concentrated in any particular plots or at any particular soil de th. 

is believed to have been in the soil for some time. 
Based on radionuclide analysis and the vertical distribution of particles in the soil, the b Sr 

The particles may have originated from SWSA 5 during the disposal process. This 

1. 
2. 
3. 

assumption is based on historical evidence and the following survey results: 
the particles were present in much higher numbers near SWSA 5, 
the particles were absent on top of Haw Ridge, and 
the particles were absent on the north side of Haw Ridge toward the O W L  main 
plant area and Building 3517 where the particles were originally produced. 

It is recommended that any work in the SWSA 7 area that disturbs the ground should 
be closely monitored and preferably preceded by a surface suwey of this type to define more 
precisely how closely the job will need to be monitored. When newly excavated soil dries, 
exposed particles can potentially become airborne and quickly become an inhalation hazard. 

It is further recommended that Melton Valley be systematically surveyed to better define 
the pattern of particle deposition and the plume or plumes from which these particles were 
originally deposited. Systematic coverage could best be accomplished by surveying 1-m2 plots, 
established at -1OOO-ft intervals, radiating in various directions from the SWSA 5 boundary 
and extending beyond the outermost boundary of particle deposition. 
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MARTIN MARIETTA ENERGY SYSTEMS, INC. 

April 29,1993 

L. Holder, Jr., 3001, MS-6029 

Results of Radiological Walkover Survey of HPRR Access Road Areas 

As you requested, a radiological walkover survey of selected ground areas on sides 
of the HPRR Access Road and on the road surface was conducted intermittently 
from January 1993 through March 1993. The survey site is located near the 
Hazardous Waste Management Area (Fig. I). This survey was performed by the 
Measurement Applications and Development (MAD) Group of the Health and 
Safety Research Division (HASRD) of Oak Ridge National Laboratory (ORNL). 

As you know, there have been recent findings of beta-radiation contamination in a 
wooded area southwest of the HPRR Access Road by ORNL Radiation Protection 
personnel (see Fig. 1). In addition, attached is the "offiaai" occurrence report 
describing this incident. Laboratory analysis results of an environmental sample 
collected by ORNL Radiation Protection personnel demonstrate the presence of 
strontium. Because the contaminant was found to be insoluble, it is likely in the 
form of strontium-90 titanatel (goSrTiOa), strontium-90 orthotitanate (9OSr2TiO4 1, 
and/or strontium-90 fluoride (96rFz). Recent conversations with several 
individuals with past experience or knowledge in the disposal of solid wastes 
contaminated with these compounds suggests that during some instances, 
contamination was likely dispersed into the air and ultimately deposited outside the 
confines of the disposal area. Additionally, recent contamination findings of this 
nature indicate a probable plume of contamination from occurrences during the 
transportation and disposal of this material into SWSA 5. Several occurrence 
reports describe this variety of contamination as 'legacy" waste. Attached are letters 
and occurrence reports that imply probable airborne occurrences. Obviously, 
additional information is needed to verify this assertion. 

1An excellent discussion of the process development of strontium-90 titanate 
is described in: C. L. Ottinger and R W. Schaich, "Hatards Report fur Building 3527 
Fission Products Development Laboratory," ORNL/TM-753, Rev., (February 1965). 

April 29,1993 Page 1 of 3 
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MAD group survey efforts include surface gamma and beta-gamma radiation scans 
of the mowed area on each side of the road, a beta-gamma scan of the road surface 
using LudlumTM gas flow proportional floor monitors, and the collection of one 
surface soil sample for radiological screening analysis. The gamma and beta-gamma 
scans each covered a total area of 48,OOO ft2 (comprising -1800 linear feet along both 
the east and west sides of the road). The road scan covered -140000 ft2 of road area 
adjacent to the entrance to the wooded region where contamination was initially 
found by ORNL Radiation Protection. Figure 1 depicts the survey area with locations 
of surface hot spots. Results of surface scanning revealed 11 hot spots of 
beta-radiation contamination along the roadside with corresponding surface dose 
rates ranging from 0.04 to 1 mrad/h. The cluster of hot spots found north of guard 
post 23 appears to be located at an old vehicle turnaround point. This contamination 
may have been the result of a contaminated vehicle or, possibly, the remains of a 
contaminated animal rather than airborne origin. (The contamination appears tobe 
minute particles that can be easily missed by slow-speed scanning). No 
contamination was detected on the scanned portion of the HPRR Access Road. 

Gamma spectroscopy screening analysis of a soil sample collected at the location of 
the 1-mrad/h spot revealed no gamma-emitting contaminants. Although no 
laboratory analysis of beta-emitting radionuclides have been conducted on this 
sample, it is probable the contaminant is strontium. Beta-gamma measurements 
taken at the ground surface after the sample was collected indicate typical 
background levels (i.e.O all contaminants had been removed). 

Slight elevations of gamma exposure rates (up to 16 pR/h at some locations) can be 
attributed to naturally occurring radionuclides in soil. Shale in soil may contain 
elevated concentrations of uranium that can be detected as elevated gamma 
exposure rates (using survey instruments with low-range sensitivity), particularly 
at locations of surface shale outcroppings. 

With regard to past airborne contamination occurrences at ORNL, I’ve attached two 
reports describing the Occurrence of airborne “specks” of uranium dioxide (Ua) 
from the old pile building stack, generally referred to as the “Particle Problem.“ A 
third reference to particulate air contamination at ORNL is provided in the 
footnote.2 In addition, a 1945 report describing air monitoring at Site “X” is attached. 
The intent here is to further demonstrate the importance of (1) reviewing historical 
literature and (2) conducting interviews with key personnel involved in these 
operations to help draw correlations to seemingly isolated, ’legacf‘ waste findings. 

2J. S. Cheka and H. J. McAlduff, “Particulate Air Contamination at ORNL,” 
Health Physics Division, ORNL-283 (June 30, 1949). 

April 29,1993 Page 2 of 3 
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Therefore, I feel it is imperative that we request a meeting with individuals who 
have knowledge in these matters. We are most fortunate that some of these 
individuals are sti l l  at ORNL,. It would be prudent to talk with key people such as 
J. Bolinsky, Jr., W. D. Cottrell, C. L. Ottinger, J. A. Setaro, and others. 

I hope this information will be useful in any future development in these areas. I 
am particularly interested in the location of the proposed Advanced Neutron 
Source ( A N S )  facility. Specifically, if there has been airborne contamination in this 
region, is the A N S  in the plume route? 

Please feel free to contact Peggy Tiner (44379) or myself (4-7752) should you have 
any questions or comments. 

W 
J. K. Williams, ORNL, Bldg. 7503, MS-6382 

cc B. A. Benren, 450OS, MS-6124 
R V. Bishop, 7503, M-82 
J. Bolinsky, Jr., 7831. MS-6388 
T. W. Burwinkle, 3001, MS028 
W. D. Cottrell, 7503, -382 
J. W. Evans, 1506, MS-6034 
R D. Foley, 7503, -2 
H. R Gaddis, 3001, M-029 
G. D. Kerr, 7509, Ms.6383 
B. L Kimmei II, 7078-A, Ms-6u32 
R C. Mason, 3047, -023 
L. E. McNeese, 3047, MS-6023 
C. E. Nix, 6026-C, W 9 5  
C. L. Ottinger, 7965-B, MS-6385 
R E. Rodriguez, 7503, MS-6382 
J. A. Setaro, 450ON, MS-6275 
R E. Swaja, 7509, -3 
P. F. Tiher, 7503, -82 
M. S. Uziel, 7503, MS6382 
C. K. Valentine, Jr., 6026-c, MS-6395 

April 29,1993 Page 3 of 3 
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Fig. 1. Diagram of survey areas with locations of surface hot spots near HPRR Access Road. 
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Internal Correspondence 
MARTIN MAWEITA ENERGY SYSTEW INC. 

April I, 1993 

R V. Bishop, 7503, h4S-6382 

Information Regarding Strontium Titanate Contamination 

On March 25,1993, I spoke with Mr. Charlie Guinn, a retired ORNL health physicist 
who now resides in Oak Ridge, regarding his past experience with strontium 
titanate contamination. Mr. Guinn provided some interesting information and said 
"this strontium titanate stuff was a serious thing...it could be gone (disperse) in a 
huny." I told him there have been some recent findings of strontium titanate near 
the HFIR Cooling Tower and KPRR Access Road (DOSAR area). He said he 
personally never found this type of contaminant at these locations; however, it was 
possible a plume from SWSA-5 could have reached these remote areas. 

Mr. Guinn was involved with many aspects of health physics coverage including 
the transportation and disposal of this material from Building 3517 to burial sites 
such as M A - 5 .  One inadent he recalled was traqorting this material on top of a 
carrier traveling east on Melton Valley Drive to SWSA-5. Just as the truck crossed 
White Oak Creek and started up the hill, a container feU off the truck, spreading the 
material on the r d  and along the sides of the road. (Although he was unable to 
recall the year of this inadent, he said it did occur about 30 minutes before the end 
of the shift). Cleanup measures included vacuum cleaning the road surface. 

I thought you'd be interested in this information. 

I sincerely appreciate you and Joe Setaro's help in sharing information related to our 
(MAD Group) scoping survey efforts on the Oak Ridge Reservation. If possible, I 
would like to get a copy of the "offiaal" ocanene reports filed by ORNL Radiation 
Protection for the strontium titanate occurrences at the (1) HFIR cooling Tower and 
(2) HPRR Access Road. Additionally, any infomation with regard to the Sr-titanate 
Contamination plume is most appreciated. 

cc W. D. Cottrell, 7503, -2 
R D. Foley, 7503, Ms-6382 
J. A. Setaro, 4500N, MS275 
c. s. s i ,  45oos, =lo6 
R E. Swaja, 7503, MS-7503 
P. F. Timer, 7503, Ms-6382 
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NOTE: Internal Correspondence from J. A. Setaro, 
Central Management, ORNL, to C. S. Sims, 

Office of Radiation Protection, ORNL 

Steve, 

Strontium-90 as the titanate was developed in the early 1'360s as a 
part of the SNAP (Systems for Nuclear Auxilary Power) Program. 
The idea was to produce an insoluble compound of Sr-90 for use in 
thermoelectric generators. The compound should be insoluble so that 
a capsule failure at sea would not result in massive contamination of 
the oceans. Most of the Isotopic SNAP sources were used as weather 
stations in the arctic, sonar beacons in the Atlantic, light beacons in 
the Chesepeak Bay, etc. We even went so far  as to use Hasteloy-C as 
capsule material since th is  material was most resistant to salt water 
corrosion. 

Sr-titanate was produced at the Fission Produce Development 
Laboratory (Building 3517). Waste from the process was loaded out 
and sent to SWSA 5. The fast method of transfer was to load out 
cans of waste (contaminated with Sr-titanate) into a one inch lead 
lined dumpster, which was cleaned and mansferred to the SWSA * 

where it was dumped into the trench. This resulted in contamination 
control problems at the SWSA (particles). The people at 35 17 then 
commissioned the fabrication of a special 3 inch lead, stainless steel 
clad dumpster which was much smaller than the regular dumpster 
and could be lowered into the trench before dumping so that spread 
of particles would be minimized. This resulted in a contaminated 
dumpster and dumpster rack, however, which had to be 
decontaminated at the SWSA or wrapped for transfer back to 35 17. 
Finally, in around 1969, S a m  Gheesling designed a cask that would 
use a 55 gallon drum in a bottom discharge carrier that could be 
loaded from the top of a cell at 35 17 (the carrier would not go into 
the cell) and the drum would be checked for contamination prior to 
being loaded into the carrier. This seemed to solve the 
contamrna ' tion problem at the SWSA since the carrier would be 
positioned over a "Well" and the dnun lowered into the well where it 
would be backfilled with earth or concrete. 

As a point of interest, in the early 1970s, Sr-titanate was replaced by 
Sr-flouride, which was produced at Hanford and shipped into ORNL. 
The flouride was also an insoluble form of strontium, according to 
C.L. Ottinger, who was in charge of the operation at that time. The 
reason I mention this is that we are assuming that the particles are 
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- Sr-titanate when they might possibly be Sr-flouride. The origin 
would be the same, however. Both were worked at 3517 and waste 
transferred to the SWSAs. 

Assuming that Sr particles were spread at the SWSAs, they would be 
very hard to detect except with an end-window GM-survey meter 
( t h i s  was many years prior to the use of pancake probes at OWL). 
During several contamination incidents at 35 17, detection of particles 
w a s  missed by normal smearing and the individual particles had to 
be detected by end-window and picked up with tape for disposal. 
Particles of up to 20 mRad/hr were detected, but the vast majority 
were smaller. This situation was called "THE Problem" by Ottinger. 

Looking at the way the ridges around the Lab run and the direction 
of wind (which I think usually goes from the Northwest to the 
Southeast), I would suspect that particles would spread along the 
southern ridges, not Haw Ridge. This could resuit in some particles 
being deposited in the HFIR area and even whipping around the 
ridge to the DOSAR area as the winds try to go toward the lake. This 
is only my theory, however, and I suggest that you confirm wind 
directions with Frank Kornegay (I tried to contact Frank, but he was 
unavailable). 

Hope this is the information you were looking for. 

Joe Setaro 



ORO--MMES-XlOHFIR-1992-0036 36 
04/08/1993 

OCCURRENCE REPORT 

Final Report 
Page 1 

Oak Ridge National Laboratory / Martin Marietta Energy Systems, Inc. ----------------------------.-----------------.------------------------- 
(Name of laboratory, site or organization) 

Name : 
Date: 

1. OCCURRENCE REPORT NUMBER: ORO--MMES-X1OHFIR-1992-0036 
Personal Clothing Contamination 

[ J Notification 

[ J 10 Day Update 
[XI Final 

2.  REPORT TYPE AND DATE: 

[ 3 10 Day 

Date Time 
06/02/1992 
06/19/1992 

11 /23 /1992 

3 .  OCCURRENCE CATEGORY: 
[ J Emergency [ J Unusual ( X I  Off-Normal 

1342 MTZ 
0914 MTZ 

0904 MTZ 

( ] Canceiled 

4 .  DIVISION OR PROJECT: 
Research Reactors 

5. DOE PROGRAM OFFICE: 
NE - Nuclear Energy 

6 .  SYSTEM, BLDG., OR EQUIPMENT: 
7902 

7 .  UCNI?: 
No 

9.  DATE AND TIME DISCOVERED: 
06/02 /1992 1010 (ETZ) 

8. PLANT AREA: 
HFIR Cooling Tower 

10. DATE AND TIME CATEGORIZED: 
06/02 /1992 1140 (ETZ) 
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11. DOE NOTIFICATION: 
06/02/1992 1320 (ETZ) J CANNON DOE-HQ 

12. OTHER NOTIFICATIONS: 
06/02/1992 1320 (ETZ) H R FAIR 
06/02/1992 1320 (ETZ) M B FARRAR 
06/02/1992 1320 (ETZ) R J ROBSON 

DOE-OR 
RRD 
ORNL LSS 

13. SUBJECT OR TITLE OF OCCURRENCE: 
Personal Clothing Contamination 

-- o---.-------.o.-..-.--.-.--.----.-----------.--------------------------~ 
15. DESCRIPTION OF OCCURRENCE: 

An engineer had been reviewing work on top of the HFIR cooling 
tower. The HFIR cooling tower was not posted as a 
radiological area. The individual was required to kneel on 
one knee to inspect piping inside a hatch. After completing 
the review, the individual came off to the cooling tower and 
proceeded to the HFIR building PCM-1B to survey himself. A 
PCM-1B alarm was annunciated. Health Physics personnel were 
notified. A survey found up to 30,000 dpm/100 cm2 of beta . 
emitter on the leg of his personal trousers. (This level 
exceeds the lower limit for reporting in DOE 5480.11, which is 
1000 dpm/100 cm2 for beta/gamma.) 

18. IMMEDIATE ACTIONS TAKEN AND RESULTS: 
The trousers could not be readily decontaminated and were 
therefore confiscated by the health physics technician (HP). 

HPs surveyed the cooling tower and the individual's path to 
the PCM-1B. 

20. CONTRIBUTING CAUSE(S): 

21. ROOT CAUSE: 
6) MANAGEMENT PROBLEM 

A. Inadequate Administrative Control 
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22. DESCRIPTION OF CAUSE: 
An analysis of the contaminated trousers revealed that the 
contamination was strontium-90 (Sr-90). Sr-90, which is a 
pure beta emitter, has been discovered in areas surrounding 
the HFIR site. Also, radiation surveys of 1990-92 have shown 
Sr-90 on the roofs of the older buildings at the HFIR site. 

A survey has recently been conducted of the roofs of two 
buildings that were built on the HFIR site between 1988 and 
1990. This survey showed no Sr-90 contamination on either 
building. It was concluded from this evidence that the H F I R  
cooling tower top deck and the roofs of the older HFIR 
buildings were contaminated prior to 1988. It is not known 
why the contamination is on the cooling tower top deck. Based 
on studies conducted by the Office of Environmental Compliance 
during the 1980s, wildlife that has dwelled in a legacy 
contaminated spill area may have deposited contamination on 
the tower through biological means or that windborne dust from 
a legacy contaminated spill area is responsible. Thus, the 
direct cause of the occurrence is attributed to external 
phenomena (External/Phenomena/Weather or Ambient Condition). 
Weather, ambient conditions, or wildlife moved the contaminant 
to the top of the cooling tower. 

The top deck of the cooling tower has been posted as a 
contamination area. All buildings that have contaminated 
roofs have also been posted as contamination areas. These 
areas and all building roofs require Health Physics 
notification and approval prior to entry. 

The HFIR Decontamination Team, the action team for the 
proposed HFIR decontamination effort, is investigating the 
feasibility of decontaminating the roofs of HFIR site 
buildings. This effort would be part of the comprehensive 
decontamination of the HFIR site buildings. 

Because current radiological practices follow stringent 
guidelines, past radiological practices are responsible for 
the incident. Radioactive materials, including Sr-90, are 
present in areas surrounding the HFIR site. The Environmental 
Restoration Division is performing comprehensive scoping 
surveys as part of the Remedial Investigation/Feasibility 
Study (RIFS)  for the entire ORNL site. The root cause of the 
occurrence is attributed to poor radiological practices of the 
past (Management Problem/Inadequate Administrative Control). 
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01) Post the roof of the HFIR cooling tower as a contamination 
area. 

TARGET COMPLETION DATE: 06/02/1992 COMPLETION DATE: 06/16/1992 

02) Include this contamination in the next quarterly ALARA 
Self-Assessment Program Summary. 

TARGET COMPLETION DATE: 10/30/1992 COMPLETION DATE: 11/09/1992 

28. IMPACT UPON CODES AND STANDARDS: 
None 

29. FINAL EVALUATION AND LESSONS LEARNED: 
The occurrence resulted from poor radiological practices 
of the past. Posting the HFIR cooling tower roof as a 
contamination area with C-zone rubber overshoes required 
should minimize further occurrences. However, contaminations 
from Sr-90 are possible in other nonradiological areas. 
Contaminations of this type are difficult to prevent. 

30. SIMILAR OCCURRENCE REPORT NUMBERS: 
1) ORO--MMES-X1OHFIR-1992-0018 
2) ORO--MMES-X1OHFIR-1992-0039 
3)  ORO--MMES-XlOHFIR-1992-0046 

Entered by: Date: 

Entered by: Date: 

33. SIGNATURES: 

Approved by: Stinnett, Regina M. 
Facility Manager/Designee 

Date: 11/11/1992 
Telephone No.: (615)576-5013 
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33 .  SIGNATURES: (continued 
-------.---------------------------------------------------------------- 

Approved by: MORRIS, GLENN W. Date: 11/23/1992 
DOE Facility Representative/Designee Telephone No.: (615)574-8645 

Approved by: CANNON, JAMES M. Date: 11/23/1992 
DOE Program Manager/Designee Telephone No.: (301)903-5016 
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1. OCCURRENCE REPORT NUMBER: ORO--MMES-CENTENGX10-1992-0001 
BETA/GAMMA CONTAMINATION FOUND ON BULLDOZER 

2. REPORT TYPE AND DATE: 
[ 3 Notification 
[ 1 10 D a y  
[ J 10 D a y  Update 
[ X I  Final 

Date 
08/06/1992 
08/20/1992 

03/04/ 1993 

Time 
1110 MTZ 
1220 MTZ 

1223 MTZ 

3. OCCURRENCE CATEGORY: 
[: 3 Emergency [ 3 Unusual [XI Off-Normal [ 3 Cancelled 

4. DIVISION OR PROJECT: 
ORNL SITE ENGRING. 

5 .  DOE PROGRAM OFFICE: 
ER - Energy Research 

6 .  SYSTEM, BLDG., OR EQUIPMENT: 
7575 

7. UCNI?: 
No 

9. DATE AND TIME DISCOVERED: 
08/05/1992 0830 (ETZ) 

8 .  PLANT AREA: 
SWSA 7 AREA 

10. DATE AND TIME CATEGORIZED: 
08/05/1992 1315 (ETZ) 
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11. DOE NOTIFICATION: 

12. OTHER NOTIFICATIONS: 
08/06/1992 1300 (ETZ) R 0 HULTGREN 
08/06/1992 1300 (ETZ) D A LANE 

13. SUBJECT OR TITLE OF OCCURRENCE: 
BETA/GAMMA CONTAMINATION FOUND ON BULLDOZER 

-----.---.--------------------------------------------------------------- 
14, NATURE OF OCCURRENCE: 

02) Environmental 
C, Radioactive/Hazardous Material Contamination 

--------------------------.----------..-------=-------------------------- 

15. DESCRIPTION OF OCCURRENCE: 
On Wednesday, August 5, 1992, at approximately 8:30 AM, two 
HP representatives discovered Beta/Gamma contamination 
ranging from 1000 to 4000 D.P.M. on a bulldozer that had 
completed work at the site of the Class III/IV Above Grade 
Storage Facility, located by the HPRR Access Road directly 
across from the HWMA. The bulldozer has been clearing trees 
and brush from the site to allow a drilling rig from Ogden 
Environmental Services access to 13 locations to be drilled. 
Bulldozing and drilling operations had begun Monday morning 
and were completed Tuesday afternoon. 

Contamination was limited to 5 locations where s o i l  dried on 
the bulldozer's treads. Reading of 1000, 1000, 1200, 3200, 
and 4000 D.P.M. were recorded. No Alpha contamination was 
detected. HP surveys of the drilling rig and the soil samples 
found no contarnination. 

--------------------------------..------------.-------=------------------ 

16, OPERATING CONDITIONS OF FACILITY AT TIME OF OCCURRENCE: 
Subsurface Drilling Operations -- Normal 

------------------....------------------------.-------------------------- 
17. ACTIVITY CATEGORY: 

Construction 

------------~-~..----.----------------------~-~.--------------=---------. 

18, IMMEDIATE ACTIONS TAKEN AND RESULTS: 
The following was checked by HP representatives and no 
contamination was found: 

Personnel 
Drill Rig 
Soil Samples 

Waste Management Operations was contacted and requested to 
evaluate the equipment to recommend proper decontamination 
process 

On Friday, August 7, 1992 at approximately 9:15 a.m., Chemical 
Operations personnel performed an on-site decontamination of 

~ - 

Final Report 
Page 2 
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- . ~ - . . . . ~ . . - . - . o - - ~ - - o o o - - ~ - - - - - - ~ ~ ~ - . - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

18. IMMEDIATE ACTIONS TAKEN AND RESULTS: 
the bulldozer, in the presence of two HP representatives who 
had discovered the contamination. 

(continued) 

20. CONTRIBUTING CAUSE(S): 

21. ROOT CAUSE: 
7) EXTERNAL PHENOMENA 

A. Weather or Ambient Condition 

~ ~ ~ - o ~ ~ - o ~ . ~ ~ . ~ ~ o o ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

22. DESCRIPTION OF CAUSE: 
The cause of the incident has been attributed to small 
concentrations of surface contamination, possibly animal feces 
or wind borne particulates, that were encountered by the 
bulldozer and subsequently displaced during the clearing 
operations. 

23. EVALUATION: (By Facility Manager/Designee) 
On Monday, August 3, 1992 the bulldozer was surveyed and 
determined to be clean by Health Physics prior to beginning 
work at the site. 

This incident has prompted Health Physics,to initiate a survey 
of the proposed site to further determine the origin and 
extent of the beta/gamma contamination. 

01) Two chemical operations personnel performed on-site 
decontamination of the bulldozer in the presence of health 
physics personnel. 

TARGET COMPLETION DATE: 08/07/1992 COMPLETION DATE: 08/07/1992 

02 Health Physics to conduct survey of the proposed site to 
attempt to determine origin and extent of beta/gamma 
contamination. Results revealed contamination at several 
other locations spread throughout the area. Readings were 2 
000 to 45,000 dpm - isotopes unknown. Origin of the 
contamination was not discernable. 

TARGET COMPLETION DATE: 09/28/1992 COMPLETION DATE: 09/28/1992 
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---.-----.---.-.-.-----ww---------------------------------------------~ 

26. IMPACT ON ENVIRONMENT, SAFETY AND HEALTH: 
Health Physics conducted a survey of the site and discovered 
pockets of contamination throughout the area. The exact 
source of the contamination remains unknown. 

27. PROGRAMMATIC IMPACT: 
The consequences of this incident included the delay in 
releasing the bulldozer from the ORNL Reservation and a 
re-evaluation of the site to consider potential 
contamination. 

....................................................................... 
28. IMPACT UPON CODES AND STANDARDS: 

None 

29. FINAL EVALUATION AND LESSONS LEARNED: 
The involved site was considered to be free of contamination. 
During the investigation of this incident, it was attributed 
to animal feces or wind borne particulates. These types of 
phenomena within ORNL boundaries cannot be fully controlled, 
hence this type of occurrence will most likely reoccur. 

All equipment being used within O W L  boundaries must be 
monitored before removal from the site. This monitoring has 
proven successful in finding and controlling contaminated 
equipment and will continue. 

30. SIMILAR OCCURRENCE REPORT NUMBERS: 
1) None 

Entered by : Date: 

Entered by: Date: 

Approved by: Long, Jeffrey A.  Date: 02/18/1993 
Facility Manager/Designee Telephone No.: (615)574-5324 

Approved by: BRANTON, MICHELE G .  Date: 02/24/1993 
DOE Facility Representative/Designee Telephone No.: (615)576-8801 

Approved by: DESAI, JITENDRA M. Date: 03/04/1993 
DOE Program Manager/Designee Telephone No.: (202)586-9743 
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OCCURRENCE REPORT 

lOHFIR - High Flux Isotope Reactor 
(Name Of Facility) 

ategory "A" Reactors 

(Facility Function) 

)ak Ridge National Laboratory 
I 

(Name of Laboratory Site or Organization) 
lame : J E LEE 
ritle: HFIR PLANT MANAGER 
relephone No. (615)574-8288 

I 

(Facility Manager/Designee) 
ame : D E BREWER 
itle: SHIFT TECH ADVISOR 
elephone No. (615)241-3075 

(ORIGINATOR) 

1. OCCURRENCE REPORT NUMBER: ORO--MMES-XlOHFIR-1995-0009 
Action Item Reference ID: I0023631 - HFIR-95-009 
Source ID Number: 

2. REPORT TYPE AND DATE: 

[ ] Notification Report 
[ ] 10 Day Report 
[ ] 10 Day Update (latest) 
[XI Final Report 

3 .  OCCURRENCE CATEGORY: 

[ ] Emergency 
[ ] Unusual 
[X] Off-Normal 
[ ] Non-Routine 
[ ] Void 

I 

Date 

04/05/1995 
04/18/1995 

05/19/1995 

Time 

15:41 
15:53 

10:09 

4. DIVISION OR PROJECT: 
Research Reactors 

5. DOE PROGRAM OFFICE: 
NE - Nuclear Energy 
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6. SYSTEMf BLDG.f OR EQUIPMENT: 
7910 

8 .  PLANT AREA: 
HFIR 

9. DATE AND TIME DISCOVERED: 
04/04/1995 08:OO 

7. UCNI? 
NO 

10. DATE AND TIME CATEGORIZED: 
04/04/1995 15:30 

11. DATE AND TIME OF DOE NOTIFICATION: 
04/04/1995 15:45 G W MORRIS / DOE-OR 

12. DATE AND TIME OF OTHER NOTIFICATIONS: 

13. SUBJECT OR TITLE OF OCCURRENCE: 

Contamination from Past Activities 

14. NATURE OF OCCURRENCE: 

1D Loss of Control of Radioactive Material 

15. DESCRIPTION OF OCCURRENCE: 

During a prejob survey in the overhead of Building 7910, four 
particles were discovered on the top side of a ceiling tile in 
Room 17. These particles ranged from 3000 to 6000 dpm/100 cm2 
beta-gamma. Similar particles were found on top of ceiling 
tiles in the east hallway (near the women’s bathroom) and in 
Room 21. The majority of the measured activity was beta 
radiation. The contamination was removed with tape and sent 
off for isotopic analysis. 

16. OPERATING CONDITIONS OF FACILITY AT TIME OF OCCURRENCE: 

The reactor was operating at 85 MW. 

17. ACTIVITY CATEGORY: 

Inspection /Monitoring 

18. IMMEDIATE ACTIONS TAKEN AND RESULTS: 
Press Release Anticipated: NO 

A survey of the lunchroom, including vending machines, chairs, 
table tops, horizontal surfaces, random wall surfaces, and 
lunchroom contents, revealed one 2000-dpm fixed beta-gamma 
particle. 

Other surveys of the horizontal surfaces in rooms and hallways 
of Building 7910 revealed: 
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(1) 3300-dpm beta-gamma particle in the floor near the door 
of Room 18 

( 2 )  9000-dpm beta-gamma particle on a file cabinet in Room 13 

(3) 3000-dpm and 15,000 dpm beta-gamma particles on the 
air-handling unit in the men's change room. 

All of these particles were removed. 

i9. DIRECT CAUSE: I 6A Mgmt. Problem - Inadequate Administrative Control 
20. CONTRIBUTING CAUSE(S): 

21. ROOT CAUSE: I 6 A  Mgmt. Problem - Inadequate Administrative Control 
22. DESCRIPTION OF CAUSE: 

Surveys of the overhead areas in Building 7910 have continued 
to reveal particles ranging from 1000 dpm to 150,000 dpm 
beta-gamma. This includes the areas above ceiling tiles and 
open areas in the utility room and shop. Further surveys of 
air-handling units revealed particles of up to 15,000 dpm 
beta-gamma. 

To prevent contamination of the overhead and ventilation 
systems from spreading to occupied areas, the overhead areas 
have been posted by Health Physics as contamination areas for 
entry. Discharge registers from contaminated ventilation 
systems and gaps in ceiling tiles have been covered. 
Residents of the building have been instructed to take care 
when closing doors, which could shift ceiling tiles. 

Isotopic analysis of the removed particles by the 
Radiochemical Engineering Development Center Analytical 
Chemistry Group revealed that the contamination was 
strontium-90. 

Strontium-90 has been routinely identified in legacy 
contamination events. Strontium-90 is not characteristic of 
operational events that result in contaminations at the HFIR. 
There has been no movement of radioactive material at the HFIR 
that would account for  the presence of strontium-90. 

Past practices in controlling and identifying radioactive 
contamination were not adequate to prevent the spread of 
materials such as strontium-90. Therefore, the direct and 
root cause of this event is Management Problem, Inadequate 
Administrative Control. Because current practices are 
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effective in controlling the spread of radioactive material, 
the only appropriate corrective action is to decontaminate the 
overhead areas in Building 7910. 

23. EVALUATION: (by Facility Manager/Designee) COST EVALUATION: F8 

The increased attention placed on surveying for contamination 
has resulted in new discoveries of legacy contamination, such 
as this incident. 

Through removal of contamination from occupied spaces and 
isolation of the contaminated overhead and ventilation 
systems, it will be possible to use Building 7910 as 
decontamination activities proceed. Completion of 
decontamination in the utility room has demonstrated this as 
feasible. 

24 .  IS FURTHER EVALUATION REQUIRED: yes [ I No [XI 
IF YES, BEFORE FURTHER OPERATION: Yes [ ] No [XI 
IF YES, BY WHOM? BY WHEN? 

25. CORRECTIVE ACTIONS: 

SEQUENCE NUMBER: 001 ACTION ID: A0 0 5 6 9 8 8 

Perform a room-by-room decontamination of the overhead area of 
Building 7910. 

TARGET COMPLETION DATE: 09/30/1995 COMPLETION DATE: 

26. IMPACT ON ENVIRONMENT, SAFETY, AND HEALTH: 

None 

2 7 .  PROGRAMMATIC IMPACT: 

None 

2 8 .  IMPACT UPON CODES AND STANDARDS: 

None 
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32. SIGNATURES: 

Date : 
Facility Manager (Name, Position) 

Date: 
DOE Facility Representative (Name, Position) 

Date: 
DOE Program Manager (Name, Position) 
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ldbuto i n  propottlon to its concentration at a tale of 3.4 watts/l000 
curie8 or '%r. 

Valuer; reported for inactlve SrTiO) vary from 0.0132 to 0.0173 
cal/crccan*"C at room kmpttature, depending on the density. 

- 

1..12 Y 10-6 oc-  ' 
-.. 1900OC 

Fa1 r 

The hhormal 6tobillty ir gad. The redirtion stobiUty Ir (;bod aa 
exhibited in two-yew old ec~nple~. 

_".. . ..: ...._. . .-.__ .. .- .-..-... --... . .-.....-.. .-- .e.....--. 

D o ~ o  Rrrte, 
radahr a i  

Shielding io Centimokern of Urwfum 
fur a 0% Source Stmngth of .- ....--._ ... .. _._- -_-II--.-- ---a. 

106 om 100 w 1000 w 10,ooo w - . -. _..,.. . ...___...-.- -.*..--.. . -.---..---.-.--.- 
e .  
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RADIOACTIVITY RELEASE FROM RADIONUC 1 IDE POWER 
SOURCES. Pm, RELEASE FROM FULLY-FUELED 
STRONTIUM TITANATE AND STRONTIUM OXIDE TO SEAWATER 
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pallets were expoeect to the  marine environment, a raptd reaction between 

thc %# and eeawater worn oocur. The unoaxs paUat would be disaolved 

in a r e ~ a t i v e ~  a t m t  perid  of t h e r  me ooncentration of 9% in tbe 

vicinity of the imnereion would v&zy depen6Ang on m l x l n g  condition8 and 

dilution factors but ahould not exceed 820 mg S r / C  (6.7 Ci %?/C), A 

rCractAon of the dU4tsOlW aotlvity w o u l d  be adsorbed by %he ocean-bottom 

mterlal if the pellets were in contact wLth It. 
* 

v 

For exposure o t  SrTiO pellet8 the data indicated Chat the arnoun$ 3 
of SrTiO re1eaeeQ fn seawater was relatively low. ApptlcatLon o f  the 3 
result8 t o  sn actual SNAP 21 utt* i o  llluatratcd by Table 5 in which 

the to te l  reSease 88 e functton or port-lmerrlon t W s  h e  been tabu- 

lated. Although long-tern release data cannot be accurately extrapolated, 

t k i a  can sex% a8 a guide tor thws who uteh t o  We t h ~ e  reeulte for 

heard e- ana45 t I caZc u la t  ions 

%c.unlt contain8 one rQh* circular cylinder o f  SrTlO3 with dimension 
of 2.63 inchea (diameter) by 2*63 incher (heuht),  weight of 816 g, and 
a loatllni~ of 30.3 ourioe 9 3 r  per 5rm* 
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Predlcted Relcaao of 6tmntlum-90 to Seawater From a SNAP-21Unlt 

2.14 

3.86 

5.04 

5*7a 
ij.30 

7.56 

o* 67 
13 *7+ 

103* 
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