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EXECUTIVE SUMMARY 

During the third quarter of 1988, over 2,400 samples which represent more 
than 9,000 analyses and measurements were collected by the Environmental 
Monitoring and Compliance (EMC) Section. A network of real-time monitoring 
stations which telemeter 10-minute averaged readings of radiation levels, 
total precipitation, flows, water quality parameters, and air quality 
parameters around ORNL also reported data. In addition, three meteoro­
logical towers sent weather data at various heights to a host computer 
every 15 minutes. A new section on airborne discharges of radionuclides 
from stacks is introduced in this report. The measurements reported there 
represent a more accurate characterization of source terms for dose 
assessments than was previously available. 

Radiation doses due to long-lived airborne particulate radionuc1ides 
measured at air monitoring statioos were calculated for the first half of 
1988 and found to be well within the Environmental Protection Agency (EPA) 
standards. 

Real-time measurements of external gamma radiation are now being reported 
from fifteen stations. including some recently activated or upgraded 
stations. Measurements this quarter indicate that external gamma radiation 
around ORNL is close to background, except at station 4 which is located 
between the Process Waste Treatment Plant and waste treatment ponds and 
therefore experiences higher levels of radiation. 

Cesium-137 concentration at the Process Waste Treatment Plant was much 
above normal during early September due to much above normal concentrations 
in material fed to the plant. The situation had returned to normal by the 
end of September. 

The coba1t-60 concentration in Melton Branch was somewhat elevated 1n 
August following a discharge from one of the High Flux Isotope Reactor 
(HFIR) ponds. but returned to predischarge levels in September. The HFIR 
ponds appear to be the source of most of the cobalt-60 that does occur in 
Melton Branch. 

Flow-weighted concentrations of radionuclides in surface water were found 
to be generally much lower than the DOE derived concentration guidelines 
(DCGs). Tritium concentrations at Melton Branch 1 have, in the past, 
occasionally exceeded the DCG for tritium. However, tritium concentrations 
at that site undergo seasonal fluctuations such that relatively low values 
tend to occur during the third quarter. Values measured this quarter were 
always less than 60% of the DCG for tritium and were slightly less than the 
values measured during the third quarter of 1987. 

Even though rainfall for this quarter was above normal, the effect of the 
dry spell over the preceding two quarters is still evident in the flow of 
the Clinch River. which wa~ only 39% of the flow for the corresponding 
(third) quarter of 1987. 

xv 



Measurements of polychlorinated biphenyls (PCBs) in surface water and 
sediment during May 1988 indicated that PCB concentrations were below 
detection limits in the surface water samples and were also below detection 
limits in the sediment at most locations. Small amounts of PCBs were 
detected in the sediment at two locations in White Oak Creek. 

There were 23 noncompliances associated with the National Pollutant 
Discharge Elimination System (NPDES) permit during the third quarter of 
1988. This was from a total of 2;521 observations which represents a 
compliance ratio of greater than 991. Two of the noncompliances were 
downstream pH exceedances that were not violations of a numeric limit in the 
ORNL permit but were violations of a Tennessee stream standard for streams 
classified for fish and aquatic life. Three slight temperature violations 
at the Coal Yard Runoff Treatment Facility during August were attributed to 
shallow water levels combined with above-normal daily temperatures. Two 
other noncompliances involved Category II runoff associated with showers 
after a prolonged period of little or no rain. Samples taken in such 
instances often contain the first-flush of several days accumulation of dust 
and grease from the associated drainage areas. Sometimes this can result in 
noncompliances. Where appropriate, corrective actions or investigations 
have been undertaken or are underway to address the other noncompliances. 

Groundwater samples from wells at the perimeter of the Solid Waste Storage 
Area 6 (SWSA 6) occasionally exceeded drinking water limits for fecal coli­
form, tritium, and gross beta. Two samples from upgradient wells also 
exceeded drinking water limits for gross beta. 

Milk samples from within 80 km of ORNL showed no detectable concentrations 
of iodine-131 this quarter. Concentrations of radioactive strontium in the 
milk samples were always within the lowest range (0.00 to 0.74 Bq/L) of the 
Federal Radiation Council guidelines. 
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IN TRODUCTI ON 

The Environmental Monitoring and Compliance (EMC) Section within the 
Environmental and Health Protection Division (EHP) at the Oak Ridge 
National Laboratory (ORNL) is responsible for environmental surveillance 
to: (1) assure compliance with all federal, state and Department of Energy 
(DOE) requirements for the prevention, control, and abatement of environ­
mental pollution; (2) monitor the adequacy of containment and effluent 
controls; and (3) assess impacts of releases from ORNL facilities on the 
environment. 

To meet these objectives. the EMC Section has implemented a surveillance 
program that consists of both monitoring and sampling of environmental 
constituents. Monitoring provides continuous data for rapid screening of 
parameters. Sampling followed by laboratory analyses is usually recommended 
for routine surveillance rather than continuous monitoring. In general. 
monitoring systems are less sensitive and a~ a result have much higher 
detection levels than laboratory analysis. Laboratory analysis provides a 
quantitative estimate of concentrations or activities at environmental 
levels. 

The surveillance program for 1988 includes sampling and monitoring of air, 
water from surface streams and point sources. fish. milk, soil, and vege­
tation (grass) for radioactive and nonradioactive materials. This report 
includes data for air, surface water, groundwater, sediments. and milk. 
Surveillance points are located on-site to quantify discharges from ORNL 
facilities and off-site to determine public exposures and to establish 
background reference levels. 

The purpose of this report is to provide Laboratory and Central Management 
personnel with the most recent information on environmental conditions. It 
is intended strictly as a data report. Each. quarter a report that summa­
rizes all environmental monitoring data from the various media will be 
prepared. Additional sections are occasionally developed for inclusion in 
subsequent reports in this series. These developments occur as needs 
dictate and as more types of data become available. Beginning with this 
quarter, these reports will include the following additional sections: 
(l) airborne discharges from stacks; (2) radiation doses due to long-lived 
airborne particulate radionuclides; (3) polychlorinated biphenyls (PCBs) in 
the aquatic environment; and (4) groundwater. Also, the section on meteoro­
logical processes has been expanded to include precipitation data. 

Summaries of data will be presented for each month and quarter where there 
are multiple observations. The summary tables give the number of samples 
collected at each station or location and the maximum, minimum. and average 
values of parameters for which analyses were done. The 95~ confidence 
coefficients (CCs) were calculated and. where possible., average values were 
compared with applicable guidelines. criteria, or standards as a means of 
evaluating the impact of effluent releases on environmental concentrations. 
Some averages have been rounded and reported to only two significant digits. 
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Results which may be negative (values less than instrument background) are 
reported. Using this system. apparent decreases may be attributed to the 
reporting of negative values and the subsequent inclusion of these data into 
the averaging. For radionuclides measured by gamma spectroscopy~ such as 
60Co and T37Cs. the program software is not designed for the calculation 
of negative values and thus "l ess than" values are being reported for these 
radionuclides. Modification of the program software to allow for the calcu­
lation of negative values for radionuclides determined by gamma spectroscopy 
is currently underway. 

Results that are below the analytical detection limit are expressed as IIless 
than" «). In computing average values. IIless thanll results are assigned 
the detection limit. The average value is expressed as less than the 
computed value when at least one of the samples for the period ;s less than 
the detection limit. 
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AIRBORNE DISCHARGES 

Airborne emissions are monitored at the Oak Ridge National Laboratory for 
the purpose of complying with the Clean Air Act (CAA) of 1970 and the 
Tennessee Air Quality Control Act. The gaseous emission point sources for 
the Laboratory consist of eight stacks. They are as follows: 

Building 

2026 
3020 
3039 

7025 
7830 
7911 

7512 
6010 

Description 

Radioactive Materials Analytical Laboratory· 
Radioactive Processing Plant 
Duct 1 - 3500 and 4500 Areas Cell Ventilation Systems 
Duct 2 - Central Off-Gas and Scrubber System 
Duct 3 - Isotope Solid State Ventilation System 
Duct 4 - 3025 and 3026 Areas Cell Ventilation Systems 
Tritium Target Fabrication Facility 
Hydrofracture Facility 
Melton Valley Complex (High Flux Isotope Reactor, 
Thorium-Uranium Recycle Facility. Transuranium 
Processing Plant) 

Molten Salt Reactor Facility 
Electron Linear Accelerator Facility 

The location of the stacks is shown in Fig. 1. Each of these point sources 
is provided with a variety of surveillance instrumentation including 
radiation alarms, near real-time monitors. and continuous sample collectors. 
Only data resulting from the analysis of the continuous samples are used in 
this report .. The other equipment does not provide data of sufficient 
accuracy and precision to support the quantitation of emission source terms. 

Data are presented for all the areas except the Electron Linear Accelerator 
Facility (Building 6010). Continuous sampling equipment is not presently 
installed at this facility. A stack monitoring improvement project is 
scheduled for 1989 that will provide continuous samplers at this stack. 

The sampling systems generally consist of in-stack sampling probes. sample 
transport piping. a 47 mm particulate filter. a 47 mm diameter by 25 mm 
thick activated charcoal canister, a silica-gel tritium trap. flow measure­
ment and totalizing instruments, a sampling pump. and return piping to the 
stack. The sampling system for the tritium target facility is configured 
with a tritium trap only. The sampling systems at 2026, 3020, and 7512 have 
not been upgraded and do not have tritium traps. 

The sampling media are collected and evaluated weekly. The particulate 
filters are analyzed for gross alpha and gross beta activity. The silica 
gel samples are analyzed for tritium. The charcoal canisters are analyzed 
by gamma spectroscopy. Due to the prevalence of iodine isotopes in the 
point-source emissions, values are reported for 131 1 and 1331 each week . 
Data for other gamma emitting isotopes are opportunistically captured. If 

3 
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an isotope is present at a concentration above the analytical instrument 
background. the datum is reported. Consequently. 13 data values are 
typically associated with gross alpha. gross beta. tritium. 131 1, and 
1331 measurements. This;s the number of samples for the quarter. Many 
of the other isotopes reported are represented by less than 13 values 
because they were not detected in all of the sampling events. 

The current convention for data at the instrument detection limit is to 
treat it in the same manner as all other data. The instrument background is 
subtracted from the actual instrument signal and the result is reported. 
This practice can result in negative numbers. Results reported in this 
manner may be reduced with summary statistics without incurring the 
difficulties of performing calculations on "less than" values. 

The data for 1251 and 1291 were recorded using the older convention of 
"less than" and the detection limit. Consequently all the values in the 
tables for 1251 and 1291 are actually detection limit data. This means 
that the isotopes may have been present, but were not distinguishable from 
background. 

Tritium data for the Tritium Target Fabrication Facility consist of nine 
values collected since August 1. 1988. This is when the stack monitoring 
improvement project was completed and the sampling system was made 
operational. ' 

Tables 1-10 present summaries of the weekly data. These data are sample 
results. not stack emissions. Included are the number of samples in which a 
particular ana1yte was measured, the maximum and minimum values for the 
quarter. and the average. Where there are two or more values, the 95% cc is 
also given. All data are rounded to two significant digits and reported as 
becquerels (Bq). 

The monthly and quarterly stack emissions are summarized by stack and 
ana1yte in Tables 11-20. In each case, the weekly data were multiplied by a 
conversion factor which is the average ratio of the stack (or duct) flow to 
the sampler flow. These results were then summed for the months and the 
quarter. Negative sample values were treated as zeros for the purpose of 
computing emissions. All data are rounded to two significant digits and 
presented as megabecquerels (106 Bq). 

The airborne emissions for the Laboratory consist primarily of H-3. 1-131, 
1-133. 1-135. Pb-212, Xe-133, Xe-135. and Os-191. Tritium came mostly from 
the Tritium Target Fabrication Facility. (91%), and the Isotope Solid State 
Ventilation System. (8%). The Melton Valley Complex and the Isotope Solid 
State Ventilation System emitted 49% and 48% of the total 1-131, respec­
tively. Ninety two percent of the Pb-212 came from four locations: the 
Radioactive Materials Analytical Laboratory. (57%); Melton Valley Complex, 
(19%); 3500 and 4500 Areas Cell Ventilation Systems, (8%); and Central 
Off-gas and Scrubber system, (8%). The Melton Valley Complex was the source 
for virtually all of the 1-133 and 1-135. Xenon was emitted from the Melton 



Analysis 

Gross alpha 
Gross beta 
6OCo 
137Cs 
1251 
1291 
131 1 
1331 
1351 
1910s 
212Pb 
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Table 1. Summary of weekly sample results 
Radioactive materials analytical 
laboratory. Building 2026a 

July - September 1988 

No. of TQtal Bg/Samgle 
Samples Max Min Av 

13 170 6.6 85 
13 160 6.5 B7 
1 41 41 41 
6 48 0.45 11 
1 B.O 8.0 8.0 
1 52 52 52 

13 2.0 -0.10 0.54 
13 9.0 -0.30 1.5 
5 2.6 -3.2 -0.38 
1 0.75 0.75 0.75 

12 5.800 230 1.500 

aSee Fi g. 1. 
b95'%. cc about the average of more than 

two samples. 

95'%. ccb 

35 
34 

20 

0.36 
1.6 -r 

2.8 

950 

.. 
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Analysis 

Gross alpha 
Gross beta 
1251 
1291 
131 1 
1331 
1351 
1910s 
212Pb 
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Table 2. Summary of weekly sample results 
Radioactive processing plant 
ventilation stack, Building 3020a 

July - September 1988 

No. of TOIgl Bg/Sgmg1e 
Samples Max Min Av 

13 0.24 -0.009 0.10 
13 0.98 0.21 0 .• 41 
3 6.0 4.0 5.3 
2 43 43 43 

13 1.0 -0.9 0.09 
13 B.O -0.80 1.2 
3 2.6 -1.3 0.87 
2 11 1.4 6.2 
8 320 28 100 

aSee Fig. 1. 
b951 cc about the average of more than 

two samples. 

951 ccD 

0.042 
0.12 
2.9 
0 
0.32 
1.6 
4.9 

61 
80 



Analysis 

Gross alpha 
Gross beta 
6OCo 
3H 
125r 
131r 
133r 
135r 
1910s 
212Pb 
133Xe 
135Xe 
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Table 3. Summary of weekly sample results 
3500 and 4500 areas cell ventilation 
systems, Building 3039, Duct la 

July - September 1988 

No. of TQtg1 Bg/Samg1e 
Samples Max Min Av 

13 40 0.005 3.7 
13 3,200 0.54 330 
4 7.7 0.98 2.9 

13 190 8.0 94 
1 6.0 6.0 6.0 

13 310 -0.010 53 
13 3.0 -0.10 0.75 
8 0.40 -0.70 -0.23 
1 4.2 4.2 4.2 

10 110 69 91 
4 26 2. 1 15 
2 27 4.5 16 

aSee Fi g. 1. 
b95% cc about the average of more than 

two samples. 

95% ccb 

6.7 
530 

5. 1 
31 

67 
0.61 
0.36 

11 
20 

140 . . 
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Analysis 

Gross alpha 
Gross beta 
60Co 
137Cs 
3H 
1251 
131 1 
1331 
1351 
212Pb 
75Se 

9 

Table 4. Summary of weekly sample results 
Central off-gas and scrubber system, 
Building 3039, Duct 2a 

July - September 1988 

No. of TOIgl Bg/SamQle 
Samples Max Min Av 

13 0.32 0.003 0.10 
13 25 0.72 5.6 
1 1.5 1.5 1.5 
3 6.3 2.0 3.5 

13 580 23 360 
1 24 24 24 

13 4.3 0.10 1.7 
13 6.6 -0.80 1.8 
8 3.4 -1.1 0.30 

10 2,800 800 1,400 
3 3.6 1.5 2.4 

aSee Fig. 1. 
b95% cc about the average of more than 

two samples. 

95% ccb 

0.061 
4.5 

6.0 
80 

0.83 
1.3 
1.2 

370 
2.7 



Analysis 

Gross alpha 
Gross beta 
82Br 
6OCo 
3H 
1251 
1291 
131 I 
1331 
1351 
1910s 
212Pb 
75Se 
133Xe 

10 

Table 5. Summary of weekly sample results 
Isotope solid state ventilation 
system, Building 3039. Duct 3a 

July - September 1988 

No. of TQIg1 Bg/Samg1e 
Samples Max Min Av 

13 0.25 0.00 0.12 
13 5.9 0.48 1.5 
9 51 2.1 19 
9 10 1.1 3.6 

13 ' 660,000 5,300 270,000 
2 130 39 82 
1 43 43 43 

13 5,400 6.9 930 
13 4.0 -0.33 1.0 
8 -0.30 -0.70 -0.15 
6 160 5.3 59 
8 62 22 33 
2 240 44 140 
9 420 4.9 99 

aSee Fi g. 1. 
b95'f. cc about the averge of more than 

two samples. 

95'f. ccb 

0.04 
1.0 

13 
2.4 

120,000 
550 

930 
0.79 
0.30 

62 . . 
11 

1,200 
110 

.. 
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Analysis 

Gross alpha 
Gross beta 
3H 
1251 
1291 
131 1 
1331 
1351 
1910s 
135Xe 

11 

Table 6. Summary of weekly sample results 
3025 and 3026 area cell ventilation 
system, Building 3039. Duct 4a 

July - September 1988 

No. of TQtal Bg/Sam!;!1~ 
Samples Max -Min Av 

13 95 0.04 11 
13 12,000 ,32 1.500 
13 79,000 1,200 28,000 
2 55 8 32 
1 330 330 330 

12 5.0 -2.1 0.37 
11 3.0 -0.08 0.52 
6 0.90 -0.20 0.28 
9 370,000 1,400 94,000 
1 3.4 3:4 3.4 

aSee Fi g. 1. 
b95% cc about the average of more than 

two samples. 

95% ccb 

16 
2,000 

12,000 
300 

1.0 
0.59 
0.43 

110,000 



Analysis 

3H 

12 

Table 7. Summary of weekly sample results 
Tritium target fabrication facility. 
Building 702Sa 

No. of 
Samples 

9 

July - September 1988 

Total Ba/Samo1e 
Max Min Av 

1.100,000 270,000 590,000 

aSee Fig. 1. 
b95% cc about the average of more than 

two samples. 

95% ccb 

230,000 

. . 



.~ 

-. 

~ 

Analysis 

Gross alpha 
~ross beta 

OCo 
1251 
1291 
131 1 
1331 
1351 
212Pb 
133Xe 
135Xe 

13 

Table 8. Summary of weekly sample results 
Hydrofracture facility, Building 7830a 

July - September 1988 

No. of TQtal 8g/Samgle 
Samples Max Min Av 

13 .76 -.001 0.17 
13 12 .23 2.1 
1 1.2 1.2 1.2 
5 6.0 4.0 5.0 
3 45 43 44 

13 1.0 -1.4 0.042 
13 5.0 -0.15 1.1 
8 .90 -1.4 -0.28 
8 40 22 31 
2 2.0 .030 1.0 
1 20 20 20 

aSee Fig. 1. ' 
b95% cc about the average of more than 

two samples. 

95% ccb 

.16 
1.9 

.88 
2.5 

.33 
1.0 

.65 
4.6 

13 



Analysis 

Gross alpha 
Gross beta 
3H 
125I 
129I 
131 I 
132I 
133I 
135I 
212Pb 
133Xe 
135Xe 

14 

Table 9. Summary of weekly sample results 
Melton valley complex, Building 7911 a 

July - September 1988 

No. of TQIgl Bg/Sgmg1e 
Samples Max Min Av 95'%. ccD 

12 0.08 .02 0.04 0.01 
12 2.2 .80 1.2 0.24 
13 236 3.8 89 37 
3 7.0 5.0 5.7 2.9 
2 60 44 52 100 

13 14,000 1,200 3,000 2,100 
1 110 110 110 

12 13,000 960 2,700 2,100 
12 2,300 -1.0 1 ,100 470 
9 1,900 240 840 380 

10 2,000 34 470 400 
10 3,800 440 1~800 660 

aSee Fi g. 1. 
b95'%. cc about the average of more than 

two samples. 

. . 

. -
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Analysis 

Gross alpha 
Gross beta 
125I 
129I 
131I 
133I 
135I 
1910s 

15 

Table 10. Summary of weekly sample results 
Molten salt reactor facility, 
Building 7512a 

July - September 1988 

No. of TQtg1 Bg/Sgmg1e 
Samples Max Min Av 

13 .48 .078 .20 
13 .64 .20 .35 
5 7.0 5.0 6.0 
2 44 43 44 

13 2.0 -0.70 .26 
13 5.0 -0.80 .93 
3 1.3 -0.60 .67 
1 4.8 4.8 4.8 

aSee Fi g. 1. 
b95'%. cc about the average of more than 

two samples. 

95'%. ccO 

.065 

.08 

.88 
6.4 

.39 
1.1 
2.7 



Analysis 

Gross alpha 
Gross beta 
6OCo 
137Cs 
1251 
1291 
131 I 
1331 
1351 
1910s 
212Pb 

aSee Fi g. 1. 
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Table 11. Monthly airborne emissions 
Radioactive materials analytical 
laboratory. Building 2026a 

July - Sep~ember 1988 

Emissions per month (106 Bq) 

July August September 

5.2 5.5 0.94 
4.9 5.8 1.3 
0 0.43 0 

.034 0.64 0 
0 0.084 0 
0 0.55 0 
0.037 0.023 0.015 
0.19 0.018 0.0032 
0 0 0.35 

.0079 0 0 
26 51 120 

Total 
(l06Sq) 

12 
12 
0.43 

.67 
0.084 
0.55 
0.075 
0.21 . . 
0.035 
0.0079 

190 -. 



Analysis 

Gross alpha 
Gross beta 
1251 
1291 
131 1 
1331 
1351 
1910s 
212Pb -

. .. 
aSee Fi g. 1. 

" 
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Table 12. Monthly airborne emissions 

July 

.018 

.042 
0.23 
0.98 

.048 
0.39 
0 
0.28 
2.5 

Radiochemical process plant ventilation 
stack, Building 3020a 

July - September 1988 

Emissions per month (106 Bq) 
Total 

August September (l06Bq) 

.0079 . .0035 .029 

.034 .047 .12 
0.14 0 0.36 
0.98 0 2.0 
0.0091 .022 .078 

.0011 0.01 .40 

.089 0 .089 
0 0 0.28 
4.1 12 19 



Analysis 

Gross alpha 
Gross beta 
6OCo 
3H 
1251 
131 1 
1331 
1351 
1910s 
212Pb 
133Xe 
135Xe 

aSee Fi g. 1. 
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Table 13. Monthly airborne emissions 

July 

1.4 
130 

.068 
16 

. 19 

.28 

.22 
0 

. 13 
5.6 

.065 

.84 

3500 and 4500 areas cell ventilation 
systems. Building 3039, Duct 1a 

July - September 1988 

Emissions per month (106 Bq) 
Total 

August September (106Bq) 

.019 .016 1.5 

.76 1.4 140 

.29 0 .36 
32 31 79 
0 0 .19 

18 2.8 21 
0.076 .015 .31 

.025 0 .025 
0 0 . 13 

12 11 28 
1.6 . 17 1.8 
0 0.14 .98 



Analysis 

Gross alpha 
Gross beta 
60Co 
137Cs 
3H 
1251 

" 
131 1 
1331 
1351 . 212Pb - 75Se 

aSee Fi g. 1. 

19 

Table 14. Monthly airborne emissions 
Central off-gas and scrubber system, 
Building 3039, Duct 2a 

July - September' 1988 

Emissions per month (106 Bq) 
Total 

July August September (106Bq) 

.00097 .0013 .00020 .0025 

.070 .068 .0083 . 15 

.0030 0 0 .0030 
0.0040 .017 0 .021 
4.3 8.4 6.2 19 
0.048 0 0 0.048 

.014 .023 .0072 .044 . 

.028 .0094 .0095 .047 
0 .0016 .0078 .0094 
2.6 13 13 28 

.0030 .012 0 0.15 



Analysis 

Gross alpha 
Gross beta 
82Br 
6OCo 
3H 
1251 
1291 
131 1 
1331 
1351 
1910s 
212Pb 
75Se 
133Xe 

aSee Fi g. 1. 
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Table 15. Monthly airborne emissions 

July 

.013 

.069 
1.2 

.46 
73,000 

4.3 
1.1 

21 
.25 

0 
3.7 
1.6 
1.2 

.50 

Isotope solid state ventilation system. 
Building 3039. Duct 3a 

July - September 1988 

Emissions per month (106 Bq) 
Total 

August September (106Bq) 

.021 0.0079 .042 

.35 .095 .51 
1.1 2.2 4.5 

.25 . 13 .85 
62.000 64.000 200,000 

0 0 4.3 
0 0 1.1 

260 35 320 
.078 .031 .36 
.011 .0079 .018 
• 48 5. 1 9.3 

2.4 3.0 7.0 
0 6.3 7.5 

20 2.9 23 

. -



Analysis 

Gross alpha 
Gross beta 
3H 
125I 
129I 
131I 
133I 
135I 
1910s 
135Xe 

aSee Fig. 1. 
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Table 16. Monthly airborne emissions 

July 

.35 
54 

6,600 
1.1 
5.8 

.10 

.071 
0 

3,600 
0 

3025 and 3026 area cell ventilation 
systems, Building 3039, Duct 4a 

July - September 1988 

Emissions per month (106 Bq) 
Total 

August September (l06Bq) 

.22 1.8 2.4 
14 280 350 

4,900 760 12,000 
0 0 1.1 
0 0 5.8 

.018 .0061 . 12 

.022 .0073 .10 

.010 .024 .035 
770 10,000 15,000 

0 .059 0.059 

'-" 



Analysis 

3H 

aSee Fig. 1. 

22 

Table 17. Monthly airborne emissions 

July 

Tritium target fabrication facility. 
Building 702Sa 

July - September 1988 

Emissions per month (106 Bq) 

August September 
Total 

(l06Bq) 

1,300,000 910,000 2.200,000 

_. 



Analysis 

Gross alpha 
Gross beta 
6OCo 
125r 
129r 
131 1 
1331 
1351 
212Pb 
133Xe 
135Xe 

aSee Fig. 1. 
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Table 18. Monthly airborne emissions 
Hydrofracture facility. 
Building 7830a 

July - September 1988 

Emissions per month (106 Bq) 

July August September 

.00063 .000075 .000031 

.0070 .0011 .0012 

.00041 0 0 

.0065 .0021 0 

.030 .015 0 

.00069 .000055 .00012 

.0045 .00026 .000062 
0 .000069 .00041 

.0075 .047 .032 
0 .000010 .00069 
0 0 .0069 

Total 
(106Bq) 

.00074 

.0092 

.00041 

.0086 

.045 

.00086 

.0048 

.00048 
0.086 

.00070 
0.0069 



Analysis 

Gross alpha 
Gross beta 
3H 
1251 
1291 
131 1 
1321 
1331 
1351 
212Pb 
133Xe 
135Xe 

aSee Fi g. 1. 

24 

Table 19. Monthly airborne emissions 
Melton valley complex, 
Buil di ng 7911 a 

July - September 1988 

Emissions per month (106 Bq) 

July August September 

.00099 0.0015 .0012 

.024 .045 .049 
7.3 20 16 

. 14 0 0 

.86 0 0 
91 190 45 
0 0 0.91 

55 170 45 
45 40 26 
9.6 14 39 
3.0 26 9.4 

25 74 47 

Total 
(l06Bq) 

.0037 

. 12 
44 

. 14 

.86 
330 

0.91 
270 
110 

62 
39 

150 



Analysis 

Gross alpha 
Gross beta 
125r 
129r 
131r 
133r 
135r 
1910s 

aSee Fi g. 1. 

25 

Table 20. Monthly airborne emissions 
Molten salt reactor facility. 
Buil di ng 7512a 

July - September 1988 

Emissions per month (106 Bq) 

July August September 

.0058 .0029 .0026 

.0074 .0061 . .0066 

.10 .026 0 

. 19 . 19 0 

.013 .0022 .0049 

.057 .0013 .0015 
0 .0057 .0057 

.021 0 0 

ToGal 
(10 8q) 

.011 

.020 

. 13 

.38 

.021 

.059 

.011 

.021 
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Valley Complex, (891), and Isotopes Solid State Ventilation System, (11%). 
The 3025 and 3026 Cell Ventilation Systems released 99.9% of the Os-191. 

The xenon results are from gamma spectroscopy of the activated charcoal 
canisters. Activated charcoal is typically 0.03 to 0.05 percent efficient 
at trapping xenon. Therefore, the presence of xenon should be considered 
significant, but caution must be exercised in using the quantitative results~ 

Iodine-131 may be present as a fission product and also as an artifact of 
the method used for testing HEPA filters. Typically. 30 mCi of 1-131 is 
released upstream of the filter being tested. The amount of 1-131 that 
passes the filter is quantified, and that value is used to calculate the 
filter efficiency. 



AIR 

Most gaseous wastes from ORNL are released to the atmosphere through 
stacks. Radioactivity may be present in gaseous waste streams as a solid 
(particulates), as an absorbable gas (iodine). or as a nonabsorbable species 
(noble gas). Gaseous wastes that may contain radioactivity are processed to 
reduce the radioactivity to acceptable levels before they are discharged. 
In addition to the monitoring of stack effluents, atmospheric concentrations 
of materials are monitored continuously at 27 stations around ORNL. the Oak 
Ridge reservation. and the surrounding vicinity. Locations of these 
stations are shown in Figs. 2 and 3. These air monitoring stations are 
categorized into three groups according to their geographical locations: 

(1) The ORNL perimeter air monitoring network (ORNL PAMs) 
consists of stations 3.4.7,9, 20, 21, and 22. These 
stations are located at or near the ORNL boundary (shown in 
Fig. 2). 

(2) The DOE Oak Ridge reservation network (reservation PAMs) 
consists of stations 8, 23, 31,33,34,36, and 40-46 
(Fig. 2). Stations 8 and 31 through 45 have the capability 
to perform both sampling and continuous monitoring. Station 
46 is currently being redeveloped to collect real-time data. 

(3) The remote air monitoring network (RAMs) consists of 
stations 51-53 and 55-58. All of these stations are located 
within a 120 km radius of ORNL outside the DOE Oak Ridge 
reservation (Fig. 3). 

Several of the ORNL and reservation PAMs have real-time monitors for five 
radiation parameters (gross alpha. gross beta, iodine. gross gamma, and 
noble gas) and are also equ4pped with three process sensors that are used 
to calculate the volume of the sample collected. A central processor 
collects la-minute average readings and transmits the data to a VAX 
computer for further analysis and reporting. Local data concentrators 
check the values against alarm limits. All alarms are reported to a 
printer as they occur. The primary purpose of the monitoring system is to 
determine if radiation levels on the reservation are above background 
levels. If radiation levels appear to be higher than normal, additional 
sampling can be initiated to provide quantitative measures of concentra­
tions in the atmosphere. 

Airborne radioactive particulates are collected by pumping a continuous 
flow of air through a paper filter and then through a charcoal cartridge. 
The filter papers are collected and analyzed weekly for gross alpha and 
gross beta activities. To minimize artifacts from short-lived radio­
nuclides, the filter papers are analyzed three to four days after 
collection. The airborne 131 1 is collected weekly using a cart~idge that 
;s packed with activated charcoal. The charcoal cartridges are analyzed 
within 24 hours after collection. The initial and final dates, time on and 

27 
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off, and flow rates are recorded when a sampler is mounted or removed. The 
total volume of air which flowed through the sampler at each station is 
calculated using this information. The flow rates at stations 3-46 are set 
between 1.5 and 3.0 CFM to minimize artifacts from extremely high or low 
flow rates. The concentration of radionuc1ides in air is calculated by 
dividing the total activity per sample by the total volume of air. . 

Monthly (Ju11-September) concentrations of gross alpha. gross beta. and 
atmospheric 31 1 are summarized in Tables 21-29. Instrument background 
concentrations of 131 1. gross alpha. and gross beta have been subtracted 
from the measured concentrations in Tables 21-29. Negative values represent 
concentrations below the instrument background level. 

During July and August 1987. several changes were made in instrumentation at 
the monitoring stations. This resulted in more accurate detection of air­
borne radionuclides because of the transition to smaller filters which did 
not have to be cut up before the counting process. Additional processing of 
the larger filters could have led to problems such as. loss of particulates 
leading to erroneously low counts. Probably. the most prominent manifestation 
of the transition to smaller filters (and possibly of other instrument up­
grades as well) is the five-fold increase in gross beta activity reported at 
the remote (background) air monitoring stations. Since August 1987. reported 
values of gross beta activity at the remote sites have generally been between 
50 and 150 x 10-8 Bq/L and have typically been about 100 x 10-8 Bq/L. 

There was little or no alpha activity in July. Small amounts of alpha 
activity were detected at all three station networks in August and 
September. Values for remote stations were comparable to those from the 
other two station networks. 

Average beta activity was essentially unchanged from the preceding quarter. 
Values for the ORNL stations and for reservation stations were similar to 
values for the remote stations. 

lodine-13l concentrations (Tables 27-29) were essentially unchanged from the 
previous quarter. with all values reported being less than 0.01% of the 
derived concentration guideline for that isotope. There was a slight but 
consistent tendency throughout the quarter for higher-than-average values to 
be recorded at stations near or to the south of the southern boundary of the 
ORNL complex (stations 4. 20, 21. and 22). The large negative iodine concen­
tration reported in September at station 7 was due to a low flow rate. 

Monthly samples for atmospheric tritium are routinely collected from ORNL 
PAM station 3 and reservation PAM station 8. Atmospheric tritium in the 
form of water vapor is removed from the air by silica gel. The silica gel 
;s heated ;n a distillation flask to remove the moisture. and the distillate 
1s counted in a liquid scintillation counter. The concentration of tritium 
in the air is calculated by dividing total activity accumulated per month by 
total volume of air sampled. A quarterly summary of the atmospheric tritium 
concentrations is presented in Table 30. For this quarter only. tritium 
values were measured at a different laboratory which experienced higher 
levels of background radiation. The .result was that most of the tritium 
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Table 21. Long-lived gross alpha activity in air 

July 1988 

Concentration (10-8 BqJL) 

No. of 
Location Samples Max Min Av 95% cca 

ORNL PAM Stationsb 

3 4 2.5 -2.0 -0.39 2.1 
4 4 0.57 -4.9 -1.5 2 .. 4 
7 4 -1.9 -3.3 -2.7 0.55 
9 4 2.4 -4.3 -1.4 2.8 

20 4 4.2 -4.2 -0.79 3.6 
21 4 2.3 -4.1 -0.83 2.7 
22 3 1.1 -4.2 -1.8 3.1 

Network 
summary 27 4.2 -4.9 -1.3 0.91 

Reservation PAM Stationsb 

8 4 3.4 -3.2 0.015 2.9 
23 3 3.7 -4.1 -0.47 4.5 
31 4 4.2 -3.1 0.63 3.8 
33 4 0.88 -3.8 -1.1 2.2 
34 4 1.7 -1.7 0.023 1.8 
36 4 -0.93 -4.7 -2.7 1.7 
40 4 0.26 -4.5 -1. 5 2.1 
41 4 0 -3.2 -1.8 1.4 
42 4 -0.23 -5.4 -2.2 2.2 
43 4 0 -4.2 -2.4 1.8 
44 4 1.4 -3.6 -1.0 2.3 
45 4 1.2 -3.3 -0.81 2.2 
46 3 1.7 -2.1 -0.63 2.3 

Network 
summary 50 4.2 -5.4 -1.1 0.66 

RAM Stationsc 

51 4 2.0 -0.78 0.74 1.1 
52 4 -3.4 -5.3 -4.4 0.78 
53 2 0.78 -0.74 0.021 1.5 
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Table 21. (continued) 

July 1988 

Concentration (10-8 8q/L) 

Location 

55 
56 
57 
58 

Network 
summary 

Overall 
summary 

No. of 
Samples 

4 
4 
4 
3 

25 

102 

Max 

-1.1 
3.8 
2.5 

-1.4 

3.8 

4.2 

a95% cc about the average of more than 

Min 

-3.2 
-5.0 
-4.1 
-2.4 

-5.3 

-5.4 

two samples. . 
bSee Fig. 2. 
cSee Fig. 3. 

Av 95% cca 

-2.0 0.89 
-2.4 4.1 
-0.59 2.7 
-2.0 0.55 

-1.6 1.0 

-1.3 0.47 
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Table 22. Long-lived gross alpha activity in air 

August- 1988 

Concentration (10-8 Bq/L) 

No. of 
Location Samples Max Min Av 95% cca 

ORNL PAM Stationsb 

3 5 4.4 0.44 2.6 1.3 
4 5 5.0 -2.1 2.8 2.5 
7 5 4.6 -2.8 1.2 2.8 
9 5 5.2 -4.0 0.82 3.0 

20 5 5.2 -3.8 2.7 3.3 
21 5 5.2 -0.61 2.7 2.6 
22 4 8.5 0.70 4.7 3.2 

Network 
summary 34 8.5 -4.0 2.4 1.0 

Reservation PAM Stationsb 

8 5 5.9 -1.3 3.1 2.5 
23 5 8.2 -0.45 3.8 2.9 
31 5 6.4 -4.1 2.8 3.8 
33 5 5.3 -0.21 2.6 1.8 
34 5 6.2 -2.1 3.7 3.0 
36 5 6.7 -2.8 3.5 3.3 
40 5 7.5 -2.2 3.8 3.3 
41 3 5.1 -0.28 2.9 3.3 
42 5 7.0 -3.2 2.6 3.3 
43 5 5.7 -1.2 3.0 2.7 
44 5 5.2 -3.6 1.9 4.0 
45 5 6.9 0.23 4.8 2.4 
46 4 8.8 4.9 6.6 1.6 

Network 
summary 62 8.8 -4.1 3.4 0.81 

RAM Stationsc 

51 5 3.9 0.14 2.4 1.3 
52 4 8.3 4.6 6.4 1.6 
53 5 11 -1.2 5.7 3.9 



. . 
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Table 22. (continued) 

August 1988 

Concentration (10-8 BqfL) 

No. of 
Location Samples Max 

55 5 8.1 
56 5 8.0 
57 5 7.5 
58 5 13 

Network 
summary 34 13 

Overall 
summary 130 13 

a95% cc about the average of more than 
b two samples. 
See Fig. 2. 

cSee Fig. 3. 

Min Av 

-5.4 2.4 
0 3.0 

-1.6 4.9 
-4.1 5.5 

-:5.4 4.3 

-5.4 3.4 

95% cca 

4.4 
2.7 
3.4 
5.5 

1.4 

0.59 
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Table 23. Long-lived gross alpha activity in air 

September 1988 

Concentration {10-8 Bq/L} 

No. of 
Location Samples Max Min Av 95% cca 

ORNL PAM Stationsb 

3 4 4.7 1.3 3.2 1.7 
4 4 3.0 2.1 2.6 0.43 
7 2 5.4 1.9 3.7 3.5 
9 4 4.9 0.91 2.7 1.7 

20 4 4.2 1.1 2.8 1.3 
21 3 5.1 3.2 3.9 1.2 
22 4 5.1 3.6 4.2 0.74 

Network 
summary 25 5.4 0.91 3.3 0.52 

Reservation PAM Stationsb 

8 4 5.4 3.1 3.8 1.1 
23 4 6.4 3.7 5.1 1.1 
31 4 5.2 2.4 3.3 1.3 
33 4 5.5 3.3 4.7 0.98 
34 4 5.4 2.6 4.3 1.3 
36 3 6.4 3.1 4.3 2.1 
40 4 4.3 0.95 2.4 1.4 
41 4 5.6 1.9 4.1 1.5 
42 4 4.8 2.5 4.0 1.0 
43 4 5.9 2.6 4.5 1.5 
44 4 3.7 1.3 2.5 1.0 
45 4 8.1 4.7 6.6 1.6 
46 4 4.2 1.2 3.2 1.4 

Network 
summary 51 8.1 0.95 4.1 0.44 

RAM StationsC 

51 4 3.9 2.2 1.5 2.6 
52 4 8.2 -10 2.5 8.7 
53 4 6.9 -3.0 3.6 4.4 
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Table 23. (continued) 

September 1988 

·Concentration (10-8 Bq/L) 

Location 

55 
56 
57 
58 

Network 
summary 

Overa 11 
summary 

No. of 
Samples Max 

4 7.1 
3 3.7 
4 4.6 
4 9.2 

27 9.2 

103 9.2 

a95% cc about the average'of more than 
b two samples. 
See Fig. 2. 

cSee Fig. 3. 

Min Av . 95% cca 

-5.9 1.6 5.5 
-3.8 0.32 4.4 
-2.2 1.3 2.8 
-:1.6 4.9 5.0 

-10 2.3 1.8 

-10 3.4 0.55 
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Table 24. Long-lived gross beta activity in air 

July 1988 

Concentration (10-8 Bq/L) 

No. of 
Location Samples Max Min Av 95% cca 

ORNL PAM Stationsb 

3 4 87 58 76 13 
4 4 140 98 110 18 
7 4 150 68 99 38 
9 4 160 54 92 45 

20 4 130 82 100 23 
21 4 140 92 110 22 
"22 3 110 89 100 11 

Network 
summary 27 160 54 98 10 

ReservatiQn PAM Stationsb 

8 4 170 91 120 35 
23 3 250 86 140 110 
31 4 160 94 110 30 
33 4 150 92 110 25 
34 4 130 96 110 17 
36 4 170 89 120 39 
40 4 120 66 83 25 
41 4 150 100 120 22 
42 4 170 74 110 41 
43 4 140 58 95 35 
44 4 170 98 . 120 35 
45 4 130 94 110 16 
46 3 180 100 140 49 

Network 
summary 50 250 58 110 9.9 
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Tabl e 24. (continued) 

July 1988 

Concentration (10-8 Bq/l) 

;:' 

No. of 
location Samples Max Min Av 95% cca 

RAM Stationsc 

51 4 150 84 100 31 
52 4 160 32 100 55 
53 2 180 92 140 87 
55 4 99 .76 83 11 
56 4 120 84 100 16 
57 4 170 97 120 34 
58 3 140 110 120 22 

Network 
summary 25 180 32 110 13 

Overall 
summary 102 250 32 110 6.5 

a95% cc about the average of more than 
b two samples. 
See Fig. 2. 

cSee Fig. 3. 
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Table 25. Long-lived gross beta activity in air 

August 1988 

Concentration (10-8 Bq/L) 

No. of 
Location Samples Max Min Av 95% cca 

ORNL PAM Stationsb 

3 5 140 62 110 27 
4 5 140 120 130 6.9 
7 - 5 130 81 110 16 
9 5 120 57 84 22 

20 5 130 120 130 8.2 
21 5 150 110 130 15 
22 4 180 70 130 45 

Network 
summary 34 180 57 120 9.1 

Reservation PAM Stationsb 

8 5 140 110 120 13 
23 5 130 110 120 8.2 
31 5 120 100 110 8.0 
33 5 150 110 130 17 
34 5 130 94 110 13 
36 5 150 69 120 29 
40 5 120 87 100 12 
41 3 140 99 120 27 
42 5 130 100 120 8.1 
43 5 150 110 130 18 
44 5 120 100 110 6.9 
45 5 140 100 120 14 
46 4 150 110 130 15 

Network 
summary 62 150 69 120 4.2 

RAM Stationsc 

51 5 140 92 110 15 
52 4 160 120 140 19 
53 5 180 130 150 19 
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Table 25. (continued) 

August 1988 

Concentration (10-8 Bq/L) 

Location 

55 
56 
57 
58 

Network 
summary 

Overall 
summary 

No. of 
Samples Max 

5 110 
5 130 
5 160 
5 160 

34 180 

130 180 

a95% ee about the average of more than 
two samples. 

bSee Fig. 2. 
eSee Fig. 3. 

Min Av 95% eea 

73 93 16 
67 100 21 

120 140 13 
72 130 30 

67 120 10 

57 120 4.1 
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Table 26. Long-lived gross beta activity 1n air 

September 1988 
• 

Concentration (10-8 BqJL) 

No. of 
Location Samples- Max Min Av 95% cca 

ORNL PAM Stationsb 

3 4 110 100 llO 5.6 
4 4 120 66 97 24 
7 2 95 91 93 4.4 
9 4 92 68 - 82 10 

20 4 llO 100 llO 3.3 
21 3 120 llO llO 7.8 
22 4 llO 93 100 6.7 

Network 
summary 25 120 66 100 5.5 

Reservation PAM Stationsb 

8 4 120 57 100 30 
23 4 120 95 llO 13 
31 4 90 79 86 4.7 
33 4 120 100 llO 8.7 
34 4 llO 86 100 13 
36 3 llO 84 100 17 
40 4 96 51 78 20 
41 4 llO 100 llO . 3.8 
42 4 llO 97 100 5.6 
43 4 llO 91 100 10 
44 4 llO 44 89 31 
45 4 130 88 llO 18 
46 4 130 73 100 24 

Network 
summary 51 130 44 99 5.0 

RAM Stationsc 

51 4 94 65 83 13 
52 4 150 llO 120 15 
53 4 140 100 120 17 
55 4 llO 54 84 29 
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Table 26. (continued) 

September 1988 

Concentration {10-8 Bq/l} 

No. of 
location Samples Max Min Av 95% cca 

55 4 110 54 84 29 
56 3 110 60 88 30 
57 4 120 20 80 46 
58 4 140 100 120 18 

Network 
summary 27 150 20 100 12 

Overall 
summary 103 150 20 100 4.1 

a95% cc about the average of more than 
b two samples. 
See Fig. 2. 

cSee Fig. 3. 
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Table 27. 13110dine concentrations in air 

July 1988 

Concentration (10-8 Bq/L) 

No. of Percgnt 
Location Samples Max Min Av 95% cca DCG 

ORNL PAM Stationsc 

3 4 7.5 -3.6 0.35 4.9 < 0.01 
4 4 5.3 0 2.8 2.4 < 0.01 
7 4 4.7 0 2.6 2.1 < 0.01 
9 4 5.0 0 1.9 2.4 < 0.01 

20 4 13 -2.3 3.2 6.8 < 0.01 
21 4 9.0 1.8 5.3 3.7 < 0.01 
22 4 17 4.3 8.7 5.5 < 0.01 

Network 
summary 28 17 -3.6 3.5 1.7 < 0.01 

Reservation ·PAM Stationsc 

8 4 5.5 -4.9 1.6 4.6 < 0.01 
23 4 1.9 -7.6 -2.6 3.9 < 0.01 
31 4 8.3 -2.3 1.0 5.0 < 0.01 
33 4 8.1 -7.0 3.3 6.9 < 0.01 
34 4 10 a 4.3 4.4 < 0.01 
36 4 a -5.2 -1.8 2.4 < 0.01 
40 4 1.9 a 0.90 1.0 < 0.01 
41 4 22 -2.5 8.4 10 < 0.01 
42 4 4.3 -3.3 -0.39 3.5 < 0.01 
43 4 8.8 -5.0 0.95 5.7 < 0.01 
44 4 1.7 0 0.43 0.87 < 0.01 
45 4 8.9 -3.4 0.83 5.5 < 0.01 
46 4 11 -2.7 2.5 5.8 < 0.01 

Network 
summary 52 22 -7.6 1.5 1.5 < 0.01 

Overall 
summary 80 22 -7.6 2.2 1.1 < 0.01 

a95% cc about the average of more than two- samples. 
bpercent DCG = maximum value x lOa/derived c02centration 

guide (DCG). The DCG for 131 1 is 1.5 x 10- 8Q/L. 
cSee Fig. 2. 
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Table 28. 131Iodine concentrations in air 

August 1988 

Concentration (10-8 Bq/L) 

No. of Percgnt 
Location Samples Max Min Av 95% cca DCG 

ORNL PAM Stationsc 

3 5 . a -5.5 -1.3 2.1 < 0.01 
4 5 11 a 4.1 3.7 < 0.01 
7 5 9.4 -4.2 3.0 4.5 < 0.01 
9 5 4.3 -4.9 -0.51 3.8 < 0.01 

20 5 5.4 -3.6 1.4 3.6 < 0.01 
21 5 7.4 -2.3 2.8 3.5 < 0.01 
22 4 16 a 6.4 6.8 < 0.01 

Network 
summary 34 16 -5.5 2.1 1.6 < 0.01 

Reservation PAM Stationsc 

8 5 3.6 -3.6 0.71 2.7 < 0.01 
23 5 15 -3.8 4.6 6.4 < 0.01 
31 5 13 a 7.0 4.7 < 0.01 
33 5 4.1 -3.5 0.13 2.7 . < 0.01 
34 5 7.2 -1.9 3.1 3.4 < 0.01 
36 5 12 2.0 5.6 3.4 < 0.01 
40 5 5.6 1.9 3.2 1.6 < 0.01 
41 5 4.5 -5.6 -0.87 4.3 < 0.01 
42 5 16 -5.9 4.0 8.7 < 0.01 
43 5 6.1 a 4.0 2.2 < 0.01 
44 5 1.9 -3.8 -1.6 2.2 < 0.01 
45 5 11 -3.9 2.5 5.7 < 0.01 
46 5 6.5 -5.6 0.022 4.3 < 0.01 

Network 
summary 65 16 -5.9 2.5 1.3 < 0.01 

Overall 
summary 99 16 -5.9 2.4 1.0 < 0.01 

a95% cc about the average of more than two samples. , 
bpercent nCG = maximum value ~ ·100/derived c02centration 

guide (DCG). The DCG for 1 1 lis 1.5 x 10- Bq/L. 
cSee Fig. 2. 
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Table 29. 131Iodine concentrations in air 

September 1988 

Concentration (10-8 Bq/L) 

-/ 

No. of Percgnt 
Location Samples Max Min Av 95% cca DCG 

ORNL PAM Stationsc 

3 4 8.7 ~3.1 1.3 5.4 < 0.01 
4 4 9.4 -3.7 3.1 6.7 < 0.01 
7 4 3.3 -190 -47 93 < 0.01 
9 4 9.6 -3.8 1.0 5.9 < 0.01 

20 4 18 1.8 8.9 7.9 < 0.01 
21 4 11 -1.7 4.7 6~5 < 0.01 
22 4 7.3 -1.9 2.1 4.0 < 0.01 

Network 
summary 28 18 -190 -3.6 14 < 0.01 

Reservation PAM Stationsc 

8 4 5.0 -1.7 2.1 2.8 < 0.01 
23 4 9.7 -1.7 3.8 4.8 < 0.01 
31 4 4.5 -3.0 0.33 3.5 < 0.01 
33 4 5.8 -6.7 1.4 5.5 < 0.01 
34 4 4.8 -4.6 1.6 4.3 < 0.01 
36 4 9.8 -5.6 1.1 6.6 <'0.01 
40 4 9.8 0 6.2 4.7 < 0.01 
41 4 11 -2.6 3.6 5.8 < 0.01 
42 4 5.2 -2.2 0.26 3.5 < 0.01 
43 4 13 3.9 7.2 4.2 < 0.01 
44 4 7.6 1.9 4.8 2.6 < 0.01 
45 4 6.7 0 2.5 3.2 < 0.01 
46 4 5.8 0 2.5 3.0 < 0.01 

Network 
summary 52 13 -6.7 2.9 1.2 < 0.01 

Overall 
summary 80 18 -190 0.60 4.8 < 0.01 

a95% cc about the average of more than two samples. 
bpercent DCG = maximum value x

1
100/derived concentration 

guide (DCG). The DCG for 13 I is 1.5 x 10-2 Bq/L. 
cSee Fig. 2. " 
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Table 30. Tritium activity in air 

July - September 1988 

Concentration (10-4 Bq/L) 

No. of 
95% ccb 

Percent 
Locationa Samples Max Min Av DCGc 

3 3 3.7 -120 -37 79 0.010 
8 3 4.2 -130 -42 89 0.011 

Overall 
summary 6 4.2 -130 -40 53 0.011 

aSee Fig. 2. 
b95% cc about the average of more than two samples. 
cPercent DCG = maximum x lOa/derived concentration guide 

(DCG). The DCG for tritium is 3.7 Bq/L. This assumes 
that 50% of the tritium is absorbed through the skin. 
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values this quarter were below background. but this does not necessarily 
imply a decrease in tritium concentrations from those given in earlier 
reports. 

Air filters are tomposited quarterly from ORNL PAMs (stations 3, 7, 9.21, 
and 22). reservation PAMs (excluding stations 34, 36, 40. 41.45. and 46). 
RAMs (stations 51-53 and 55-57). and from individual stations (34. 36. 40. 
41. 45 and 46) and are analyzed for specific radionuclides. The results for 
the third quarter were not available in time for publication of this report, 
but they will be included in the fourth quarter report. 

. . 



RADIATION DOSES DUE TO LONG-LIVED AIRBORNE PARTICULATE RADIONUCLIDES 

The purpose of this section is to provide some measure of potential 
radiation dose equivalents due to radionuc11des filtered from air at 
locations within the ORNL perimeter, within or near the Oak Ridge reser­
vation, and (for comparison) at the remote air monitors (Figs. 2 and 3). 
The dose calculations that follow are made from measurements of long-lived 
radioactivity in air filters presented as Tables 11-13 in both the first 
and second quarter reports for 1988. Dose calculations for subsequent 
quarters will be presented after the necessary data on radioactivity become 
available. 

Most biological consequences of radionuc1ide releases to the environment 
involve the transfer of energy from radiation to human tissue. a process 
that may damage the tissue. The radiation may come from radionuc1ides 
located outside the body (in or on environmental media or objects) or from 
radionuc1ides deposited inside the body (via inhalation, ingestion, and in 
a few cases. absorption through the skin). Exposures to radiation from 
nuclides located outside the body are called external exposures. Exposures 
to radiation from nuclides deposited inside the body are called internal 
exposures. These two types of exposure differ as follows: (1) External 
exposures occur only when a person is near or in a radionc1ide-containing 
mediu~. Internal exposures continue as long as the radionuc1ides remain 
inside the person. (2) External exposures usually result in uniform 
irradiation of the entire body and all its components. Internal exposures 
usually result in nonuniform irradiation of the body. Most radionuclides. 
when taken into the body. deposit preferentially in specific organs or 
tissue and thus do not irradiate the body uniformly. 

Several specialized units have been defined for characterizing exposures to 
ionizing radiation. Damage associated with such exposures is due primarily 
to the deposition of radiant energy in tissue. Therefore. the units are 
defined in terms of the amount of incident radiant energy absorbed by 
tissue and the biological consequences of the absorbed energy. Some of 
these units are as follows: 

Absorbed Dose - A physical quantity that defines the amount of 
incident radiant energy absorbed per unit mass of an irradiated 
material. Its unit of measure is the rad. The absorbed dose depends 
on the type and energy of the incident radiation and on the atomic 
number of the absorbing material. 

Dose Eguiva1ent - A quantity that expresses the biological effectiveness 
of an absorbed dose in a specified human organ or tissue. Its unit of 
measure is the rem (or Sievert. sv; 1 sv = 100 rem). The dose 
equivalent is numerically equal to the absorbed dose multiplied by 
modifying factors that relate the absorbed dose to biological effects. 
In this report, as in many others, the term dose eguivalent is often 
shortened to dose. 

Effective Dose Eguiva1ent - A measure of the overall carcinogenic and 
genetic risk resulting from exposures to radiations. It is a weighted 
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sum of dose equivalents to eleven organs. The weighting factors and 
specific organs are described in Publications 26 and 30· of the Inter­
~ational Commission on Radiological Protection (ICR. 1977. 1978). 

Whole-Body Dose Eguivalent - The dose equivalent received when the 
entire body is placed in a uniform radiation field. This condition can 
be achieved if the body is in a uniform external radiation field or if 
internally deposited radionuclides distribute uniformly throughout the 
body. For most radionuclides. the latter condition is not met. 

Committed (Effective) Dose Eauivalent - The total (effective) dose 
equivalent that will be received over a specified time period (50 years 
in this report) because of exposures to and intakes of radionuclides 

.during the year of interest. 

Estimation of potential dose equivalents due to airborne radionuclides at a 
specified air station was accomplished by calculating internal and external 
doses to a hypothetical, or reference. individual residing continually at 
the air station. In other cases, the reference individual was assumed to 
reside continually at a hypothetical location having airborneradionuclide 
concentrations representing the average situation for several air moni­
toring sites. Doses were calculated using a suite of computer codes de­
veloped under EPA sponsorship for use in demonstrating compliance with the 
National Emission Standards for Hazardous Air Pollutants. The atmospheric 
transport code AIRDOS-EPA was used to calculate radionuclide concentrations 
on the ground and in foodstuffs (meat. milk. and vegetables) resulting from 
the settling of contaminated particles at each location. Through the 
DARTAB computer code. conversion factors in the RADRISK database were 
applied to the calculated radionuclide concentrations to give estimates of 
dose contributions from inhalation of and immersion in contaminated air. 
from exposure to contaminated ground surfaces and from ingestion of locally 
grown foodstuffs (milk, meat. and vegetables), Beef. milk. and food crop 
production were assumed to be the maximum possible for the available ground 
area. It was further assumed that one third of all foodstuffs consumed 
were grown locally throughout the year. Because these doses are calculated 
from only those radionuclides measured on air filters, the contributions 
from tritium and noble gases are not included. 

Whole-body and 50-year committed dose equivalents, due to measured 
quantities of airborne radioactive particulates. are presented in Table 31. 
Calculations are for stations 34. 36.40.41. 45. 46 and for the average of 
the remaining reservation PAMs, the average of the ORNL PAMs. and the 
average of the remote (or background) air monitors RAMs. Also presented 
are doses for the two organs. the lungs and endosteal (or surface) bone, 
that receive the highest doses from the measured mixes of airborne radio­
nuclides. These results are presented for the first two quarters of 1988. 
Subsequent results will be presented in forthcoming quarterly reports. 

At most locations, isotopes of thorium are the greatest airborne 
particulate contributors to the doses for lungs and endosteal bone. These 
isotopes are commonly found in natura) soils and therefore commonly occur 
in airborne dust. Thorium isotopes also often provide the greatest 



Station 
Number 

34 

36 

40 

41 

45 

46 

ORNL PAMs 

Reservation 
PAMs 
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Table 31. Estimated dose from airborne particulate 
radionuclides 

Organ or 5Q-Y~ar Commit:t~g DQs~ Eguivgl~nts (mrem) 
Body Part Jan-Mar Apr-Jun Total 

Effective 0.21 0.35 0.56 
Lungs 1.2 2.4 3.6 
Endosteal bone 1.7 1.5 3.2 
Whole bodya 0.000095 0.000002 0.000097 

Effective 0.28 0.45 0.73 
Lungs 1.7 3.0 4.7 
Endosteal bone 2.0 2.0 4.0 
Whole bodya 0.00018 0.00034 0.00052 

Effective 0.22 0.35 0.57 
Lungs 1.2 2.4 3.6 
Endosteal bone 1.8 1.4 3.2 
Whole bodya 0.00024 0.000037 0.00028 

Effective O. 14 0.69 0.83 
Lungs 0.84 4.8 5.6 
Endosteal bone 0.88 2.9 3.8 
Whole bodya 0.000076 0.000004 0.000080 

Effective 0.33 0.55 0.88 
Lungs 2.4 3.6 6.0 
Endosteal bone 0.89 2.7 3.6 
Whole bodya 0.000036 0.000005 0.000041 

Effective 0.18 0.42 0.60 
Lungs 1.2 2.9 4. 1 
Endosteal bone 0.72 1.7 2.4 
Whole bodya 0.000045 0.000055 0.00010 

Effective 0.061 0.12 0.18 
Lungs 0.40 0.78 1.2 
Endosteal bone 0.31 0.59 0.90 
Whole bodya 0.000071 0.000057 0.00013 

Effective 0.077 0.11 0.19 
Lungs . 0.51 0.73 1.2 
Endosteal bone 0.35 0.51 0.a6 
Whole bodya 0.00010 0.000002 0.00010 

,(.~ 

... 
,:; 

.. 
:~l 

' ... , -
:, 
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Table 31. (continued) 

Station 
Number 

Organ or 
Body Part 

50-Year Committed Dose Equivalents (mrem) 
Jan-Mar Apr-Jun Total 

RAMs Effective 
Lungs 
Endosteal bone 
Whole bodya 

0.068 
0.44 
0.38 
0.000028 

0.075 
0.49 
0.39 
0.000027 

aWhole-body dose equivalents are due to external exposures 
that occur during the quarter of interest. They do not in­
clude cumulative doses from exposures to ground-deposited 
nuclides. 

O. 14 
0.93 
0.77 
0.000055 
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airborne particulate contributions to the effective dose. At some 
locations, however, uranium isotopes represent a greater contribution to 
the dose for lungs and occasionally to the effective dose. This especially 
tends to be the case at station 45, which is located near the Y-12 burial 
grounds. If iodine-131 is present in appreciable amounts, it will 
contribute the greatest dose to the thyroid. 

Generally speaking, the calculated doses increased from first to second 
quarter. Increases in thorium isotopes were mainly responsible for the 
increased effective doses and also for the increased doses to the lungs 
and endosteal bone. Increased dust associated with dry weather and 
construction activities during the second quarter would be expected to 
produce increases in the airborne concentrations of those isotopes. 

The highest committed dose from radionuclides in airborne particulates 
(0.88 mrem per half year at station 45) is less that 8% of the EPA 
whole-body standard (25 mrem/yr) from all sources. The highest committed 
dose from radionuc1ides in airborne particulates to a single organ (6 mrem, 
per half year. to the lungs, at station 45) is only 16% of the EPA standard 
(75 mrem/yr) from all sources to any single organ. In both of these cases, 
the calculated dose components correspond to an individual living contin­
uously very near to the Y-12 burial grounds with one-third of the food 
supply provided by products grown year around at that same location. 
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EXTERNAL GAMMk RADIATION 

External gamma radiation measurements are made to determine if routine 
radioactive effluents from ORNL are increasing external gamma radiation 
levels significantly above normal background. 

Average gamma radiation measurements are recorded at 10-minute intervals 
at ORNL and PAMs, e~cept for stations 9, 20-23, and 46 (Fig. 2). From 
these data, hourly averages are computed. Table 32 summarizes the valid 
hourly measurements for the third quarter of 1988. Typical values for 
cities in the United States are usually between 50 and 200 nGy/h according 
to the recent issues of EPA Environmental Radiation Data. The most recent 
value for Knoxville, published in these EPA quarterly reports (EPA 1987), 
was 177 nGy/h for the second quarter of 1987. All of the values given 
in Table 32 are close to the range of background values as given above, 
except for PAM 4 which ;s located very close to the Process Haste Treat­
ment Plant and treatment ponds. Values for station 4 are more than ten 
times the typical background values, which is to be expected considering 
the location of that particular monitor. 

A decrease in the value for the PAM network summary, approximately 30% 
from second to third quarter, is a statistical artifact of the weighting 
by number of observations at each station. Specifically, station 4 
(which, as explained above, consistently reports the highest values) 
reported about 40% fewer measurements this quarter than did any of the 
other stations in the PAM network. This was due to maintenance problems 
that have been corrected. Station average values for the quarter actually 
decreased at only one of the ORNL PAM stations, and the quarterly <average 
for station 4 increased about 15% over the corresponding average for the 
second quarter. 

The highest and lowest values of external gamma radiation at the 
reservation stations were both reported at station 41, where maximum 
values were anomalously high. The possibility of this being due to a 
system error in data reporting is being investigated. 
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Table 32. External ga~ma radiation measurements at ORNL 
and reservation perimeter air monitoring 
stations 

~u1y - September 1988 

No. of Con~entr~tiQn ~nG~/h) 
Location samp1esa Max Min Av 

ORNL PAM Stationsb 

3 2061 120 60 70 
4 1227 3724 1510 2461 
7 2092 119 17 52 

20 2019 150 80 87 

Network 
summary 7399 3724 17 466 

Reservation PAM Stationsb 

8 1692 141 62 73 
31 1885 133 73 79 
33 1944 129 72 81 
34 1846 124 78 85 
36 2126 112 70 76 
40 1993 141 73 83 
41 2026 249 59 98 
42 2106 117 66 75 
43 1952 161 65 74 
44 1779 122 62 73 
45 1978 115 63 71 

Network 
summary 19301 249 59 87 

aReal-time readings were collected at all stations 
at 10-minute intervals. The number of samples indicate 
the total number of valid hourly averages during the 
quarter. 

bSee Fig. 2. 



WATER 

The ORNL site is drained by two main streams. White Oak Creek (WaC) and 
Melton Branch. With the exception of two small discharges from the 7600 
area which discharge to Melton Hill Lake. all ORNL effluents discharge to 
these two streams or their tributaries. White Oak Creek flows through 
Bethel Valley where Fifth Creek. First Creek. and the Northwest Tributary 
enter it. White Oak Creek continues through a gap in Chestnut Ridge into 
Melton Valley where it is joined by Melton Branch, which drains Melton. 
Valley. White Oak Creek empties into White Oak Lake. which is controlled by 
White Oak Dam (WaD). and is the last monitoring/sampling point before 
effluents leave the ORNL site. The majority of the drainage or liquid 
effluent from ORNL flows into the Clinch River by way of wac. The Clinch 
River flows southwest from Virginia to its mouth near Kingston, Tennessee. 
where it joins with the Tennessee River. Process effluents discharged to 
these streams are handled in a number of ways which include: treatment 
(PWTP, Coal Yard Runoff), holding basins (190 ponds. HFIR/TRU ponds). and 
direct discharge to the stream. Sanitary effluent is discharged to wac 
after treatment at the Sewage Treatment Plant. Below WOO, wac is affected 
by water levels in the Clinch River which are controlled by Melton Hill Dam, 
shown in Fig. 4. 

Surveillance of the water environment consists of the collection of surface 
water, effluent and sediment samples required under the National Pollutant 
Discharge Elimination System (NPDES) permit and groundwater from the SWSA 6. 
Samples are analyzed for radionuclides and nonradioactive chemicals. 
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Surface Hater 

Hhite Oak Creek drains an area of 17 km2 in Bethel and Melton Valleys and 
is the largest stream flowing through ORNL. Run-off from sites at ORNL 
reaches HOC either directly or via one of its tributaries. After entering 
Melton Valley. HOC is joined by its major tributary. Melton Branch (MB). at 
HOC kilometer 2.49. Hhite Oak Dam. located one kilometer above the mouth of 
HOC. forms Hhite Oak Lake and serves as a point for monitoring flow and 
discharges of contaminants from the ORNL site. Because facilities located 
near these creeks may discharge material to the creeks. sampling and 
analysis of the facility discharges are included in this section. ORNL's 
nonradio10gica1 sampling of these areas is specified in the NPDES permit 
(see following section). This section is limited to a discussion of the 
radiological sampling that is performed by ORNL. Major discharges to HOC 
include: (1) treated domestic (sanitary) waste from the Sewage Treatment 
Plant (STP); (2) cooling tower blowdown; (3) cooling water from various 
sources; (4) surface and groundwater drainage from the main Laboratory area, 
including drainage from Solid Haste Storage Areas 3, 4. and 6; (5) dis­
charges from the process waste collection (190 ponds) and process waste 
treatment plant (3544); and (6) discharges from process building areas. 
Major discharges to MB include discharges from SHSA 5. b10wdown from the 
recirculating cooling water system at the HFIR, and discharges from the 
7900 waste pond system. 

To determine discharges of radionuc1ides from ORNL processes, flow and 
concentration data from ORNL streams were recorded. Hater samples were 
collected regularly from the following stations: 1500 area. 190 Ponds, 
First Creek, 2000 area, Acid Neutralization Facility (3518), Process Haste 
Treatment Plant (3544), Fifth Creek, 7500 Bridge, HFIR ponds, HOC Headwaters. 
Melton Branch 1 (MB1), Melton Branch 2 (MB2), Melton Hill Dam, Northwest 
Tributary (NHT), Raccoon Creek, STP, Transuranium Processing Plant (TRU) 
Ponds, HOC, and HOD (Figs. 4 and 5). Real-time monitoring was performed at 
MB, HOC, and HOD. The parameters monitored include pH. dissolved oxygen, 
turbidity, conductivity, temperature. flow. beta and gamma activity (in 
cpm). and a gamma spectrum at HOD. Previously samples collected and ana­
lyzed daily at 7500 Bridge were used as an early warning of discharges of 
radioactivity from ORNL processes. However. this early warning capability 
is now provided by the real-time monitor at the HOC station, so the analysis 
of daily samples from the 7500 Bridge has been discontinued as of the third 
quarter of 1988. Radiological monitoring at stations in the 1500 area, 190 
Ponds, 3518. and 3544 was initiated in February 1987 to comply with the 
requirements of the NPDES Radiological Monitoring Plan. 

Hater samples are collected weekly at Kingston and ORGDP (Gallaher) water 
treatment plants and are analyzed quarterly for radionuclides (Fig. 6). For 
comparison, samples are collected daily from the ORNL potable water system 
(tap water) in Building 4500S and analyzed quarterly for radionuclides. In 

• . addition. flow proportional samples are collected weekly from Melton Hill 
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Dam (Fig. 6) and analyzed quart~rly for radionuclides. This sampling 
location, on the Clinch River, is above ORNL's discharge point to the Clinch 
River and serves as a local background or reference station for ORNL. 

Table 33 summarizes the sampling and analysis frequencies. the parameters 
analyzed. and the type of sample collected at each of these stations. 
Summaries of radionuclide concentrations are presented in Tables 34-35. All 
determinations for "total Sr" are for total radioactive strontium which is 
the sum of 89Sr and 90Sr . The 95~ cc about the average values have not 
been presented for stations with less than three samples. 

September values of gross alpha and gross beta from the 1500 area were more 
than two orders of magnitude greater than normal, -1 eadi ng to unusually 1 arge 
maxima and averages for the quarter (Table 35). The cause of this increase 
is not known, but October values did drop back to 0.00 Bq/L for alpha (none 
detected) and 1.5 Bq/L for beta (which are more typical values). 

The highest total radioactive Sr concentrations observed during this quarter 
were in First Creek with values ranging from 22 to 27 Bq/L (Table -35). These 
values are higher than the corresponding values for the previous quarter 
but lower than for the third quarter of 1986 or the third quarter of 1987. 
Strontium values at the Process Haste Treatment Plant were also elevated 
this quarter. Total radioactive Sr concentrations in Melton Branch 1 ranged 
from 8 to 11 Bq/L. These values are about 70~ of the corresponding values 
for the previous quarter. At the Melton Hill Dam background station, total 
radioactive Sr ranged from 0.044 to 0.070 Bq/L. Most of the total radio­
active Sr appears to be coming from the main ORNL plant area (4500 com­
plexes), the 2000 area, and a smaller portion from the 3000 area .. Unlike 
the 60Co and 137Cs discharges. which are primarily process related. the 
total radioactive Sr releases are more diffuse and are probably the result 
of surface and groundwater drainage rather than discharges from process 
fac i1 iti es . 

Cesium-137 concentration at the Process Haste Treatment Plant was greater 
than normal during early September leading to a high maximum and a high mean 
value for the third quarter. This was due to much above-normal concentra­
tion of cesium-137 in material fed to the plant from other locations. The 
situation had returned to normal by the end of September. 

Concentrations of tritium are highest (36,000 to 42,000 Bq/L) at the MBl 
station, probably due to releases from SWSA 5. Characterization of SWSA 5, 
particularly the tritium releases, is one of the highest priorities of the 
Remedial Investigation Feasibility Study (RI/FS) subcontract. 

Flows in the Clinch river (as measured at Melton Hill Dam) and in WOC (as 
measured at WOO) and the ratios of these flows are presented in Table 36. 
The average ratios presented in the table were calculated weekly and 
averaged for the month. Even though rainfall for the quarter was above 
normal. the effect of the dry spell over the preceding two quarters is still 
evident in the flow of the Clinch River which, was 39% of the flow for the 
third quarter of 1987. 
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Table 33. Summary of collection and analysis frequencies of 
surface and tap water samples 

Collection 
Station Parameter frequency Type 

190 Ponds Gamma scan. gross alpha. Weekly Flow 
gross beta Proportional 

1500 Area, 3518 Gross alpha, gross beta Weekly Flow 
Proportional 

2000 Area, STP Gamma scan. gross beta. Weekly Flow 
Total Sra Proportional 

3544 Gross alpha, gross beta, Weekly Flow 
gamma scan. Total Sra Proportional 

7500 Bridge Gamma scan. Total Sra Daily Time 
Proportional 

7500 Bridge. MB1. ~~mma scan. Total Sra• Weekly Flow 
wac, MB2 Proportional 

First Creek. Gamma scan. Total Sra Weekly Grab 
Fifth Creek, 
Raccoon Creek 

Ga 11 aher. 3H, 60Co, 137Cs. gamma Weekly Grab 
ngston scan. gross alpha, gross 

beta, PUt Total Sra• U 

HFIR Ponds Gamma scan. gross alpha. After Flow 
gross beta Discharge Proportional 

Me lton H ill Dam 241Am. 244em, 6OCo. Weekly Flow 
137Cs, gross a1Pha~ Pu, Proportional 
Th. U" Total Sra, H. 

NWT Gamma scan. Total Sra Weekly Flow 
Proportional 

ORNL Tap 60Co. 137Cs. gross alpha. Daily Grab 
gross beta. PUt Total Sra• 
U 

Analysis 
frequency 

Monthly, 

Monthly 

Monthly 

Monthly 

Daily 

Monthly 

Monthly 

Quarterly 

Monthly 

Quarterly 

Monthly 

Quarterly 
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Table 33. (continued) 

Collection Analysis 
Station parameter freguency Type freguency 

WOC Headwaters 

WOD 

Ponds 

241Am. 244Cm. 60Co, 
l37cs~ gross alpha, Total 
Sra• H. PUt Th. U 

241Am. 244Cm. 60Co, 
137Cs. gross beta, Pu, 
Total Sra, 3H 

Gross beta 

a Total radioactive Sr (89Sr + 90Sr ). 

Weekly 

Weekly 

After 
Discharge 

Grah 

Flow 
Proportional 

Flow 
Proportional 

Monthly 

Weekly 

Monthly 

" 
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Quarterly summary of radionuclide concentrations 
in surface streams and tap water 

July - September 1988 

Radionuclide 

60Co 
137Cs 
Gross alpha 
Gross beta 
Total PUD 
Iotal Src 

2~4 
235

U 

236
U 

238~ 

60Co 
137Cs 
Gross alpha 
Gross beta 
Total Pub 
I~tal Src 

234U 
235U 
236U 
238U 

Gallahera 

Kingstona 

Concentration 
{Bq/l} 

-0.0090 
0.020 
0.011 
0.27 

< 0.00011 
0.041 

29 
0.0053 
0.00018 
0.000012 
0.0037 

0.0051 
-0.0013 
0.011 
0.095 

< 0.00011 
0.015 
9.1 
0.0042 
0.00014 
0.000033 
0.0027 

Me 1 ton Hi 11 Dama 

60Co 
137Cs 
Gross alpha 
Gross beSa 
Total Pu 
!§4~1 Sr

c 

235U 
236U 
238U 

0.012 
0.0073 
0.014 
0.065 

< 0.00011 
0.0066 
0.0013 
0.000040 

< 0.0000009 
0.00083 
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Table 34. (continued) 

Radionuclide Concentration 
(Bq!L) 

ORNL Tap Water 

60Co 
137Cs 
Gross alpha 
Gross be!a 
Total Pu lJ 

!~tal Src 
235

U 

236
U 

238~ 

aSee Fig. 6 

0.0050 
0.0050 
0.016 
0.062 

< 0.00011 
0.0020 
0.0016 
0.000046 

< 0.0000007 
0.00095 

bTotal Pu {239Pu + 240PH~' 
CTotal radioactive Sr ( Sr + 90Sr ). 
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Tabl e 35', Radionuclide concentrations in water around ORNL 

July - September 1988 

Concentration (Bq/L). 

Radionuclide No, of 
Samples Max Min Av 95% cca 

1500 Areab 

Gross alpha 3 48 0.070 16 32 
Gross beta 3 210 0.60 71 140 

190 Ponds b 

60~o 3 0.60 -0.20 0.17 0.47 
13 Cs 3 1.0 -0.050 0.54 0.62 
Gross alpha 3 0.55 0.10 0.38 ·0.28 
Gross beta 3 2.2 0.36 1.4 1.1 

First Creekc 

60~o 3 1.0 -0.070 0.38 0.64 
13 Cs 3 0.10 0.040 0.067 0.035 
Total Srd 3 27 22 25 2.9 

2000 Areab 

60~o 3 0.20 -0.040 0.11 0.15 
13 Cs 3 0.40 -0.080 0.11 0.29 
Gross beaa 3 3.7 0.18 1.6 2.1 
Total Sr 3 0.25 -0.040 0.12 0.17 

Acid Neutralization Facilityb 

Gross alpha 3 0.35 0.0 0.13 0.22 
Gross beta 3 1.5 0.64 0.93 0.57 

Process Waste Treatment Plantb 

60~o 3 3.2 1.3 2.0 1.2 
13 Cs 3 410 110 210 200 
Gross alpha 3 1.5 0.14 0.88 0.79 
Gross beaa 3 130 . 100 110 18 
Total Sr 3 12 2.6 6.4 5.7 



Radionuclide No. of 
Samples 

6010 3 
13 Cs 3 
Total Srd 3 

6010 3 
13 Cs 3 
I~tal Srd 3 

3 

6010 3 
13 Cs 3 
Gross alpha 3 
Gross beta 3 

241Am 3 
244Cm 3 
6010 3 
13 Cs 3 
~3gss alpha 3 

239
Pu 3 
Pu 3 

I~tal Srd 3 
3 

6010 3 
13 Cs 3 
I~tal Srd 3 

3 
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Table 35. (continued) 

July - September 1988 

Concentration (BqfL) 

Max Min Av 95% cca 

Fifth CreekC 

0.16 -0.30 -0.11 0.28 
0.10 -0.030 0.020 0.081 
5.0 2.0 3.2 1.8 

7500 BridgeC 

0.20 0.12 0.17 0.048 
8.8 2.1 5.2 3.9 
'4.3 2.9 3.4 0.87 

71 38 52 20 

HFIRb 

230 130 170 59 
0.40 -2.2 -0.53 1.7 
1.2 0.24 0.69 0.56 

170 12 110 99 

White Oak Creek Headwatersc 

0.011 0.00010 0.0055 0.0063 
-0.0016 -0.019 -0.011 0.010 
0.90 -0.050 0.31 0.60 
0.080 -1.0 -0.30 0.70 

. 0.32 0.0 0.15 0.19 
0.0024 -0.00010 0.0013 0.0015 
0.0079 -0.0010 0.0022 0.0057 
0.15 -0.060 0.013 0.14 

19 -44 -7.3 38 

Melton Branch l C 

4.2 0.10, 1.8 2.5 
1.7 0.010 0.64 1.1 

11 7.9 9.6 1.8 
42000 36000 39000 3500 
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Table 35. (continued) 

July - September 1988 

Concentration (BqJL) 

Radionuclide No. of 
Samples Max Min Av 95% cca 

Melton Branch 2c 

60~o 3 3.3 1.5 2.6 1.1 
13 Cs 3 0.40 < 0.13 < 0.28 0.16 
!~tal Srd 3 0.18 0.020 0.083 0.098 

3 1100 720 920 220 

Melton Hill Damc 

241Am 3 0.011 0.0030 0.0060 0.0050 
244Cm 3 0.012 -0.0037 0.0033 0.0092 
60~o 3 0.010 -0.10 -0.037 0.066 
13 Cs 3 0.18 0.10 0.13 0.050 
~3gss alpha 3 0.18 0.0 0.083 0.10 

239
Pu 3 0.0028 :0.0019 0.00037 0.0027 
Pu 3 0.32 . -0.0062 0.11 0.21 

!~tal Srd 3 0.070 0.044 0.055 0.016 
3 12 -57 -16 42 

Northwest Tributaryc 

60~o 3 1.4 -0.30 0.38 1.0 
13. Cs 3 -0.010 -0.20 -0.10 0.11 
Total Srd 3 1.0 0.25 0.64 0.43 

Raccoon Creekc 

60~o 3 0.22 0.070 0.16 0.094 
13 Cs . 3 0.080 -0.60 -0.17 0.43 
Total Srd 3 7.6 2.3 5.1 3.1 

Sewage Treatment PlantC 

60~o 3 0.18 -0.90 -0.31 0.63 
13 Cs 3 0.60 0.21 0.35 0.25 
Gross beaa 3 7.1 0.50 4.2 3:9 
Total Sr 3 2.8 2.5 2.6 0.20 
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Table 35. (continued) 

July - September 1988 

Concentration (Bqjl) 

Radionuclide No •. of 
Samples Max Min Av 95% cca 

TRU Pondsb 

Gross beta 3 4.5 0.39 2.4 2.4 

White Oak Creekc 

60yO 3 1.0 0.020 0.39 0.62 
13 Cs 3 5.9 1.5 3.4 2.6 
l~tal Srd 3 3.9 2.3 3.1 0.93 

3 180 84 130 56 

White Oak Damc 

241Am 13 0.029 0.00050 .0.0068 0.0042 
244Cm 13 0.058 -0.016 0.010 0.0092 
60yO 13 0.54 < 0.050 < 0.27 0.083 
13 Cs 13 6.0 0.23 1.5 0.85 
~3gss beta 13 16 5.4 9.8 1.7 

239
Pu 13 0.0050 -0.0014 0.0011 0.0011 
Pu 13 0.012 -0.0043 0.0024 0.0026 

l~tal Srd 13 5.1 3.3 4.1 0.33 
13 3200 1600 2300 320 

a95% cc about the average of more than 
b two samples. 
See Fig. 5. 

cSee Fig. 4. 
dTotal radioactive Sr (89Sr + 90Sr ). 
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Table 36. Flows for Clinch River and White Oak Creek 

July - September 1988 

Flow (l09 L) 

Month Clinch Rivera White Oak Creeka Average Ratiob 

July 

August 

September 

160 

170 

130 

0.65 

0.52 

0.62 

aSee Fig. 6. 
bFlow ratios Clinch River: White Oak Creek 

are calculated daily and averaged for the 
month. 

280 

340 

260 
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The total hourly flows at WOC, MB, and WOO were calculated by multiplying 
the average 10-minute flow rate (gallons per minute) transmitted via the 
real-time monitoring system by the number of minutes per hour. Low and high 
readings are recorded at WOC and MB while low, medium. and high flow 
readings are recorded at WOO. 

Total flows per day at the STP are calculated by subtracting consecutive 
daily flow recorder readings and multiplying by a factor for conversion to 
million liters. The weekly flows are determined by averaging the total 
flows for the week and multiplying by the number of days in the week. 

The discharges of radionuclides at WOO. WOC. MB1. and the STP are calculated 
by multiplying the concentration by the flow. At WOC. MBl and the STP. a 
single flow proportional sample is analyzed monthly to estimate radio­
nuclide concentrations. At WOO. weekly flow proportional samples are 
analyzed. At WOO, weekly radionuclide discharges are calculated by multi­
plying the weekly composite sample concentration by the total weekly flow. 
Monthly discharges of radionuclides at WOO are then calculated by averaging 
the weekly discharges and multiplying by the number of weeks per month 
(Tables 37-39). A flow weighted concentration at WOO for the month is 
calculated by dividing the total radionuclide discharge for the month by 
the total monthly flow (Tables 37-39). 

Each average flow-weighted concentration is compared to a corresponding 
derived concentration guide (DCG). A DCG, for water, is the concentration 
of a particular radionuclide for which a "reference man" under continuous 
exposure (ingestion) for one year would receive the most restrictive of 
(1) an effective dose equivalent of 1 mSv or (2) a dose equivalent of 50 mSv 
to any particular tissue (DOE draft Order 5400.3) (one milliSievert, mSv. 
equals 100 mrem). In almost all cases the actual values are a small per­
centage of the corresponding DCGs. However, the percentages for strontium 
and tritium at M81 are higher. being about 25% of the DCG for strontium and 
about 50% of the DCG for tritium in each month of the third quarter. 

Cobalt-60 concentration at M8l was somewhat elevated in August (Table 38), 
although still less than 3% of the DCG of 190 8q/L of water. This increase 
followed a discharge from one of the HFIR ponds. Cobalt-60 level at MBl 
returned to previous levels in September (Table 39). 
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Table 31. Radionuclide concentrations and releases at ORNl 

July 1988 

Derived 
Concentration Percent 

Flgw Discharge ' Concentrati on Guide (DCG) of 
Radionuclide (10 l) (10 Mega Bq) (Bq/L) (Bq/l) DCG 

Melton Branch la 

6010 44 0.0053 1.2 190 0.65 
13 Cs 44 0.00096 0.22 110 0.20 
!~tal Src 44 0.044 10 37 27 

44 180 42000 74000 57 

Sewage Treatment Planta 

6010 
~ 

26 -0.00052 -0.20 190 < 0.001 '-
13 Cs 26 0.00065 0.25 110 0.23 
Gross beta 26 0.013 5.0 N/A N/A 
Total Src 26 0.0065 2.5 37 6.8 

White Oak Creeka 
~: 

6010 480 0.00096 0.020 190 0.011 .. ~ 
••• 1.: 

13 Cs 480 0.072 I.S 110 1.4 ... 

!~tal Src 480 0.14 3.0 37 8.1 
480 6.7 140 74000 0.19 

White Oak Dama,b 

241Am 660 0.00028 0.0043 1.1 0.38 
244Cm 660 -0.0000S4 -0.00082 2.2 < 0.001 
6010 660 < 0.020 < 0.30 190 0.16 
13 Cs 660 O.OSO 0.77 110 0.69 
~3gss beta 660 0.S9 9.0 N/A N/A 

239
Pu 660 0.000037 0.000S6 1.5 0.038 
Pu 660 -0.000043 -0.00066 1.1 < 0.001 

!~tal Src 660 0.25 3.8 37 10 
660 140 2200 74000 3.0 

aSee Fig. 4. 
bConcentration is a flow-weighted average of the weekly 

samples. Discharge is the tssal for the month. 
CTotal radioactive Sr ( 9Sr + Sr). 
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Table 38. Radionucli-de concentrations and releases at ORNL 

August 1988 

Derived 
Concentration Percent 

Flgw D!scharge Concentration Guide (DCG) of 
Radionuclide (10 L)· (10 Mega 8q) (Bq/L) (Bq/L) .. DCG 

Melton Branch l a 

60~o 15 0.0064 4.2 190 2.3 
13 Cs 15 0.000015 0.010 110 0.0090 
I~tal Src 15 0.012 7.9 37 21 

15 54 36000 74000 49 

Sewage Treatment Planta 

60~o 25 0.00046 0.18 190 0.097 
13 Cs 25 0.00053 0.21 110 0.19 
Gross beta 25 0.018 7.1 N/A N/A 
Total Src 25 0.0063 2.5 37 6.8 

White Oak Creeka 

60~o 420 . 0.0058 0.14 190 0.076 
13 Cs 420 0.12 2.8 110 2.5 
I~tal Src 420 0.096 2.3 37 6.2 

420 3.5 84 74000 0.11 

White Oak Dama,b 

241Am 520 0.00028 0.0054 1.1 0.49 
244Cm 520 0.00059 0.011 2.2 0.50 
60~o 520 0.011 0.20 190 0.11 
13 Cs 520 0.082 1.6 110 1.4 
~3gss beta 520 0.52 10 N/A N/A 

239
Pu 520 0.000072 0.0014 1.5 0.093 
Pu 520 0.00017 0.0032 1.1 0.29 

I~tal Src 520 0.21 4.1 37 11 
520 120 2200 74000 3.0 

aSee Fig. 4. 
bConcentration is a flow-weighted average of the weekly 

samples. Discharge is the t~bal for the month. 
CTotal radioactive Sr ( 9Sr + Sr). 
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Table 39. Radionuclide concentrations and releases at ORNl 

September 1988 

Derived 
Concentration Percent 

Flgw· Discharge Concentration Guide (DCG) of 
Radionuclide (l0 L) (10 Mega Bq) (Bqfl) (Bq/l) DCG 

Melton Branch l a 

6010 58 0.00058 0.10 190 0.054 
13 Cs 58 0.0099 1.7 110 1.5 
l~tal Src 58 0.064 II 37 30 

58 230 40000 74000 54 

Sewage Treatment Planta 

6010 24 -0.0021 -0.90 190 < 0.001 
13 Cs 24 0.0014 0.60 110 0.54 
Gross beta 24 0.0012 0.50 N/A N/A 
Total Src 24 0.0066 2.8 37 7.6 

White Oak Creeka 

6010 880 0.088 1.0 190 0.54 
13 Cs 880 0.52 5.9 110 5.3 
l~tal Src 880 0.34 3.9 37 ll· 

880 16 180 74000 0.24 

White Oak Dama,b 

241Am 620 0.00084 0.014 1.1 1.2 
244Cm 620 0.0017 0.027 2.2 1.2 
6010 620 0.023 0.37 190 0.20 
13 Cs 620 0.18 3.0 110 2.7 
~~§ss beta 620 0.68 11 N/A N/A 

Pu 620 0.00013 0.0020 1.5 0.14 
239pu 620 0.00039 0.0062 1.1 0.56 
l~tal Src 620 0.26 4.2 37 11 

620 150 2500 74000 3.4 

aSee Fig. 4. 
bConcentration is a flow-weighted average of the weekly 

samples. Discharge is the teBal for the month. 
CTotal radioactive Sr ( 9Sr + Sr). . 
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National Pollutant Discharge Elimination System Reguirements 

ORNL's current NPDES permit requires that ten point-source outfa11s be 
sampled prior to their discharge into receiving waters or before mixing 
with any other wastewater stream. One of these points, the Nonradio1ogica1 
Hastewater Treatment Plant, will not be in operation until March 1990. 
In addition. there are three sampling locations that are located in the 
streams as reference points or for additional information and one (ORR 
Resin Regeneration 'Facility) that was taken out of operation in December 
1986. These thirteen sampling locations are shown in Fig. 5. There are 
approximately 150 additional locations that include storm drains, parking 
lot and roof drains, cooling tower drains, storage area drains, condensate 
drains, untreated process drains, and miscellaneous facilities that are 
sampled less frequently than the point-source outfal1s or surface streams. 

Quarterly summary statistics for the third quarter of 1988 are given for 
each sampling location in Tables 40 through 55. Monitoring of the ORR 
Resin Regeneration Facility ;s no longer required because the permitted 
operation has been discontinued. 

Data collected for the NPDES permit are also summarized monthly for 
reporting to DOE and the State of Tennessee. These summaries are submitted 
to DOE in the Monthly Discharge Monitoring Reports and are available upon 
request. Noncomp1iances are provided in Tables 56 through 58. A brief 
summary of the noncompliances follows. 

July 1988 

During the period July 1-31, 1988. ORNL experienced three NPDES 
noncompliances. No problems or operational upsets occurred at the Sewage 
Treatment Plant (STP) that would account for the July 13. 1988. fecal, 
coliform noncompliance. ORNL personnel are currently evaluating several 
options for improving STP NPDES permit compliance. 

A cause for the fecal coliform and oil and grease violations at VC7002 has 
not been found. The possibility of in-leakage from sanitary sewer pipes is 
being investigated. 

August 1988 

ORNL Category II outfa11s were not monitored in August; however. a visible 
sheen in First Creek was traced to outfall 249. The source process was 
determined and procedures were revised to prevent future occurrences. 

The chlorine-level noncompliances at the ORNL cooling towers were 
attributed to imprecise addition of chlorine. Cooling tower maintenance 
procedures and procedure implementation are undergoing review and 
improvement. 

The downstream pH limit exceedance at'cooling tower 4509 was not a 
violation of a numeric limit in the ORNL permit. However, it was a 
violation of a Tennessee stream standard for streams classified for "fish 
and aquatic 1ife." 
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Table 40. NPDES discharge point X01 a 

July - September 1988 

Concentration (mg/l) 

No. of 
95% ccb Parameter Samples Max Min Av 

Ag 3 < 0.0060 < 0.0060 < 0.0060 0 
BODe 39 < 5.0 < 5.0 < 5.0 0 
Bromodichloromethane 3 0.0020 0.0020 0.0020 0 
Cl 39 0.90 < 0.010 < 0.34 0.048 
Cyanide 3 < 0.0020 < 0.0010 < 0.0017 0.00067 
Cr 1 0.0060 0.0060 0.0060 
CUd 3 0.013 < 0.010 < 0.012 0.0018 
DO 63 8.7 6.0 7.0f O.lf Downstream pHe 13 8.0 6.8 NA NA 
Fecal coliformg,h 37 > 600 < 1.0 1.3 2.9 
Flow' 64 0.32 0.12 0.21 0.011 
Hg 3 < 0.00020 < 0.00020 < 0.00020 0 
NH (As N) 39 0.49 0.020 0.086 0.030 
oif and grease 39 12 < 2.0 < 2.8f 0.6f pHe 13 7.8 6.8 NA NA 
Phenols 3 0.0010 < 0.0010 < 0.0010 0 
Trichloroethylene 3 0.0050 0.0050 0.0050 0 
TSSJ 39 5.0 < 5.0 < 5.0 0 
Zn 3 0.055 0.048 0.052 0.0042 

aSewage Treatment Plant, ORNl. 
b95% confidence coefficient about the average. 
~Biological oxygen demand. 
Dissolved oxygen. 
~Expressed in standard units; average not applicable. 

NA = not applicable. 
~Expressed in colonies per 100 ml • 
. Geometric mean. 
~Measured in millions of gallons per day. 
JTotal suspended solids. 
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Table 41. NPDES discharge pointX02a 

July - September 1988 

Concentration (mg/L) 

No. of 
Parameter Samples Max Min Av 

Ag 13 < 0.0060 < 0.0060 < 0.0060 
As 13 0.090 < 0.060 < 0.066 
Cd 13 < 0.0020 < 0.0010 < 0.0013 
Cr 13 0.0088 < 0.0050 < 0.0066 
Cu 13 0.019 < 0.010 < O.OAI 
Downstream pHc 63 8.8 6.5 NA . 
Fe 13 0.39 0.053 0.15 
Flowe 63 0.30 0 0.0099 
Mn 13 0.080 0.013 0.043 
Ni 13 0.13 < 0.0060 < 0.018 
Oil and grease 13 9. a < 2.0 < 3.0 
Pb 13 < 0.050 < 0.030 . < 0.036 
pH 63 9.0 6.1 7.3 
Se 13 0.16 < 0.050 < 0.077 
504 f 3 1900 1600 1800 
TemBerature 48 33 20 27 
TSS 13 20 < 5.0 < 10 
Zn 13 0.091 < 0.0080 < 0.026 

aCoal Yard Runoff Facility, ORNL. 
b95% confidence coefficient about the average. 
~Expressed in standard units; average not applicable. 

NA = not applicable. 
~easured in millions of gallons per day. 
Measured in degrees centigrade. 

gTotal suspended solids. . 

95% ccb 

0 
0.0056 
0.00027 
0.00078 
0.00A4 

NA 
0.046 
0.012 
0.011 
0.019 
1.1 
0.0053 
0.13 
0.018 

180 
0.88 
2.1 

0.012 
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Table 42. NPDES discharge point X03 a 

July - September 1988 

Concentration (mg/L) 

Parameter 

As 
Cd 
Cr 
Cu 
Downstream pHc 
Fe 
Flowe 
Ni 
Oil and grease 
P 
Pb 
pH 
Temeeraturef 

Tach 
TSS 
Zn 

No. of 
Samples Max 

6 < 0.060 
6 0.019 
6 0.0061 
6 0.018 

13 8.1 
6 0.12 
4 0.054 
6 0.0064 
6 28 
6 1.5 
6 < 0.050 

13 8.6 
15 29 
6 17 
6 6.0 
6 0.10 

Min 

< 0.060 
< 0.0010 
< 0.0050 
< 0.010 

7.0 
0.041 
0.037 

< 0.0060 
< 2.0 

0.20 
< 0.030 

7.2 
20 

1.8 
< 5.0 

0.039 

Av 

< 0.060 
< 0.0042 
< 0.0054 
< O.OIP 

NA 
0.077 
0.044 

< 0.0061 
< 6.8 

0.51 
< 0.033 

7.7 
24 
6.1 

< 5.2 
0.078 

a1500 area, ORNL. 
b95% confidence coefficient about the average. 
~Expressed in standard units; average not applicable. 

NA = not applicable. 
~Measured in millions of gallons per day. 
Measured in degrees centigrade. 

gTotal organic carbon. 
hTotal suspended solids. 

95% ccb 

a 
0.0060 
0.00044 
0.0927 

NA 
0.026 
0.0071 
0.00013 
8.5 
0.40 
0.0067 
0.21 
1.3 
4.9 
0.33 
0.019 
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Table 43. NPDES discharge point X04a 

I 

July - September 1988 

Concentration (mg/L) 

No. of 
95% ccb Parameter Samples Max Min Av 

Ag 6 < 0.0060 < 0.0060 < 0.0060 0 
As 6 < 0.060 < 0.060 < 0.060 0 
Cd 6 < 0.002d . < 0.0010 < 0.0012 0.00033 
Cr 6 < 0.0060 < 0.0050 < 0.0052 0.00033 
Cu 6 0.25 < 0.010 0.Oa2 0.0~9 
Downstream pHc 13 8.3 7.6 NA NA 
Flowe 4 0.015 0.0041 0.011 0.0047 
Ni 6 < 0.0060 < 0.0060 < 0.0060 0 
Oil and grease 6 4.0 < 2.0 < 2.3 0.67 
P 6 0.30 0.20 0.23 0.042 
Pb 6 < 0.050 < 0.030 < 0'Oa3 0.0867 
pHc 13 8.2 7.3 NA NA 
Temeeraturef IS 28 19 23 1.2 
TOCh 6 3.5 1.6 2.1 0.59 
TSS 6 < 5.0 < 5.0 < 5.0 0 
Zn 6 0.15 0.11 0.13 0.011 

a2000 area, ORNL. 
b95% confidence coefficient about the average. 
~Expressed in standard units; average not applicable. 

NA = not applicable. ' 
~easured in millions of gallons per day. 
Measured in degrees centigrade. 

gTotal organic carbon. 
hTotal suspended solids. 
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Table 44. NPDES discharge point X06a 

July -September 1988 

Concentration (mg/L) 

No. of 
95% ccb Parameter Samples Max Min Av 

As 6 < 0.060 . < 0.060 < 0.060 a 
Cd 6 0.0020 < 0.0010 < 0.0014 0.00036 
Cr 6 0.029 < 0.0050 < 0.015 0.0080 
Cu 6 0.19 0.067 0.1~ 0.0~8 
Downstream pHc 13 8.0 6.9 NA NA 
Flowe 3 0.20 0.17 0.18 0.014 
Ni 6 0.016 < 0.0060 < 0.0078 0.0032 
Oil and grease 6 3.0 < 2.0 < 2.2 0.33 
Pb 6 0.11 0.038 0.oa5 0.0~3 
pHc 13 8.0 6.6 NA NA 
Se 6 < 0.060 < 0.050 < 0.052 0.0033 
S04 f 6 31 22 26 2.6 
Temserature 16 27 20 24 0.77 
TaCh 6 4.9 2.4 3.3 0.78 
TSS 6 13 < 5.0 < 7.3 2.8 
Zn 6 0.24 0.063 0.13 0.052 

a3539/40 Ponds, ORNL. 
b95% confidence coefficient about the average. 
~Expressed in standard units; average not applicable. 

NA = not applicable. . 
~easured in millions of gallons per day. 
Measured in degrees centigrade. 

gTotal organic carbon. 
hTotal suspended solids. 
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Table 45. NPDES discharge point X07a 

July - September 1988 

Concentration (mg/L) 

Parameter 

Ag 
As 
Cd 
Cr 
Cu 
Down~tream pHc 
Flow 
Ni 
N03 
O&G 
Pb 
pHc 

S04 f 
TemBerature 
Tach 
TSS. 
TTO' 
Zn 

No. of 
Samples Max 

6 < 0.0060 
6 < 0.060 
6 < 0.0020 
6 0.012 
6 0.17 

13 8.1 
63 0.29 
6 < 0.0060 
6 6.9 
6 3.0 
6 < 0.050 

13 8.0 
6 360 

15 30 
6 2.7 
6 < 5.0 
6 < 0.010 
6 0.021 

Min 

< 0.0060 
< 0.060 
< 0.0010 
< 0.0050 

0.034 
6.6 
0.0018 

< 0.0060 
< 5.0 
< 2.0 
< 0.030 

6.1 
180 

21 
1.8 

< 5.0 
< 0.010 
< 0.0080 

Av 

< 0.0060 
< 0.060 
< 0.0012 
< 0.0079 
. 0.091 

NA 
0.18 

< 0.0060 
< 5.6 
< 2.3 
< 0.Oa3 

NA 
260 
25 
2.4 

< 5.0 
< 0.010 
< 0.011 

aprocess Waste Treatment Plant (3544), ORNL. 
b95% confidence coefficient about the average. 
~Expressed in standard units; average not applicable. 

NA = not applicable. 
~Measured in millions of gallons per day. 
Measured in degrees centigrade. 

gTotal organic carbon. 
~Total suspended solids. 
'Total, toxic organics. 

95% ccb 

o 
o 
0.00033 
0.0021 
o.oao 

NA 
0.021 
o 
0.76 
0.42 
0.0867 

NA 
51 
1.3 
0.27 
o 
o 
0.0040 
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Table 46. NPDES discharge point X09a 

July . September 1988 

Concentration (mg/L) 

No. of 
Parameter Samples Max Min Av 

As 1 < 0.060 < 0.060 < 0.060 
Cd 1 0.0017 0.0017 0.0017 
Cr 1 0.014 0.014 0.014 
Cu 1 0.047 0.047 0.047 
Downstream PHb 0 
Flowc 1 0.0042 0.0042 0.0042 
Ni 1 < 0.0060 < 0.0060 < 0.0060 
NO 1 < 5.0 < 5.0 < 5.0 
OiT and grease 1 2.0 . 2.0 2.0 
Pbd 1 < 0.030 < 0.030 < O.O~O 
pH 1 7.4 7.4 NA 
S04 f 1 29 29 29 
Temserature 1 28 28 28 
TOCh 1 6.0 6.0 6.0 
TSS 1 < 5.0 < 5.0 < 5.0 
Zn 1 0.061 0.061 0.061 

~HFIR waste basins, ORNL. 
Not taken. 

cMeasured in millions of gallons per day. 
dExpressed in standard units; average not applicable. 
eNA c not applicable. . 
fMeasured in degrees centigrade. 
gTotal organic carbon. 
hTotal suspended solids. 
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Table 47. NPDES discharge point XIIa 

July - September 1988 

Concentration (mg/L) 

No. of 
95% ccb Parameter Samples Max Min Av 

As 6 < 0.060 < 0.060 < 0.060 0 
Cd 6 < 0.0020 . < 0.0010 < 0.0012 0.00033 
Cr 6 0.011 < 0.0050 < 0.0082 0.0016 
Cu 6 0.085 0.010 0.086 0.084 
Downstream pHc 13 8.2 6.9 NA NA 
Flowe 3 0.031 0.029 0.030 0.0015 
Ni 6 0.0069 < 0.0060 < 0.0062 0.00030 
NO 13 12 2.7 5.6 1.4 
oii and grease 6 2.0 < 2.0 < 2.0 0 
P 6 4.8 1.9 3.3 0.84 
Pb 6 < 0.050 < 0.030 < 0.Oa3 0.0967 
pHc 13 8.0 6.2 NA NA 
S04 f 13 1900 370 820 300 
Temserature 15 32 19 23 1.4 
TOCh 13 10 1.9 4.0 1.1 
TSS 6 75 7.0 30 23 
Zn 6 0.50 0.21 0.33 0.093 

a3518 Acid Neutralization Facility, ORNL. 
b95% confidence coefficient about the average. 
~Expressed in standard units; average not applicable. 

NA = not applicable. . 
~easured in millions of gallons per day. 
Measured in degrees centigrade. 

gTotal organic carbon. 
hTotal suspended solids. 
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Table 48. NPOES discharge point X13 a 

July - September 1988 

Concentration (mg/L) 

No. of 
95% ccb Parameter Samples Max Min Av 

Ag 3 < 0.0050 < 0.0050 < 0.0050 a 
Al 3 0.81 0.38 0.59 0.25 
As 3 < 0.060 < 0.060 < 0.060 0 
BODe 3 < 5.0 < 5.0 < 5.0 a 
Cd 3 < 0.0020 < 0.0020 < 0.0020 a 
Chloroform 3 < 0.0050 < 0.0050 < 0.0050 a 

. Cl 13 < 0.010 < 0.010 < 0.010 a 
Conductivityd 3 0.80 0.25 0.48 0.33 
Cr 3 0.0069 < 0.0050 < 0.0060 O. 0011 
Cu 3 < 0.010 < 0.010 < 0.010 a 
DOe 13 16 3.8 9.5 1.8 
F 3 1.0 1.0 1.0 a 
Fe 3 0.55 0.25 0.43 0.18 
Flowf 63 3.2 0.14 0.43 0.13 
Hg 3 < 0.00005 < 0.00005 < 0.00005 0 
Mn 3 0.19 0.10 0.16 0.060 
NH4 (as N) 3 0.080 0.026 0.062 0.036 
Ni 3 < 0.0060 < 0.0060 < 0.0060 0 
NO 3 < 5.0 < 5.0 < 5.0 a 
oii & grease 13 7.0 < 2.0 < 3.2 0.88 
P 3 0.40 0.20 0.30 0.12 
Pb 3 < 0.0040 < 0.0040 < 0.0040 a 
PCB 3 < 0.00050 < 0.00050 < 0'00R5o 0 

NAh pH9 3 8.9 8.0 NA 
Phenols 3 < 0.0010 < 0.0010 < 0.0010 0 
SOr 3 34 27 30 4.1 
TO ' . 3 220 150 190 41 
Tem~eratureJ 12 30 19 24 1.7 
TOC 3 6.4 2.7 4.0 2.4 
Trirhloroethylene 3 < 0.0050 < 0.0050 < 0.0050 0 
TSS 3 62 13 35 29 
Turbiditym 3 180 15 72 110 



• 
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Table 48. (continued) 

July - September 1988 

Concentration (mg/L) 

Parameter 

Zn 

No. of 
Samples 

3 

Max Min 

0.039 0.014 

aMelton Branch, ORNL. 
b95% confidence coefficient about the average. 
~Biological oxygen demand. 
Expressed in mS/cm. 

eOissolved oxygen. 
fMeasured in millions of gallons per day. 
~Expressed in standard units; average not applicable . 
. NA • not applicable. 
~Total dissolved solids. 
~Measured in degrees centigrade. 
Total organic carbon. 

lTotal suspended solids. 
mMeasured in Jackson turbidity units . 

Av 95% ccb 

0.025 0.015 
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Table 49. NPOES discharge point X14 a 

July -September 1988 

Concentration (mg/L) 

No. of 
95% ccb Parameter Samples Max Min Av 

Ag 3 < 0.0050 < 0.0050 < 0.0050 0 
Al 3 0.37 0.31 0.35 0.040 
As 3 < 0.060 < 0.060 < 0.060 0 
BOOc 3 < 5.0 < 5.0 < 5.0 0 
Cd 3 < 0.0020 < 0.0020 < 0.0020 0 
Chloroform 3 0.0040 0.0030 0.0037 0.00067 
C1 12 < 0.010 < 0.010 < 0.010 0 
Conductivityd 3 0.80 0.20 0.50 0.35 
Cr 3 0.0060 < 0.0050 < 0.0056 0.00064 
Cu 3 0.013 O.Oll 0.012 0.0012 
OO~ 13 12 5.8 8.1 0.93 
F 3 1.1 1.0 1.0 0.067 
Fe 3 0.21 0.16 0.18 0.031 
Flowf 60 13 0.32 4.1 0.53 
Hg 3 0.00010 0.00007 0.000087 0.000018 
Mn 3 0.031 0.028 0.029 0.0023 
NH4 (as N) 3 0.080 0.044 0.061 0.021 
Ni 3 < 0.0060 < 0.0060 < 0.0060 0 
NO 3 < 5.0 < 5.0 < 5.0 0 
OiT and grease 13 4.0 < 2.0 < 2.5 0.43 
P 3 0.30 0.20 0.27 0.067 
Pb 3 < 0.0040 < 0.0040 < 0.0040 0 
PCB 3 < 0.00050 < 0.00050 < 0.00R5O 0 

NAh pHg 3 8.3 7.6 NA 
Phenols 3 0.0010 < 0.0010 < 0.0010 0 
SOf 3 52 44 48 4.7 
TO 1 . 3 250 120 200 83 
Tem~eratureJ 12 29 21 25 1.4 
TOC 3 4.0 2.1 2.9 1.1 
Trirhloroethylene 3 < 0.0050 < 0.0050 < 0.0050 0 
TSS 3 13 5.0 8.3 4.8 
Turbiditym 3 140 10 54 86 
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Table 49. (continued) 

July - September 1988 

Concentration (mg/L) 

Parameter 

Zn 

No. of 
Samples Max 

3 0.035 

Min 

0.031 

aWhite Oak Creek, ORNl. 
b95% confidence coefficient about the average. 
~Biological oxygen demand. 
Expressed in mS/cm. 

eOissolved oxygen. 

Av 

0.033 

fMeasured in millions of gallons per day. 
~Expressed in standard units; average not applicable . 
. NA = not applicable. 
:Total dissolved solids. 
~Measured in degrees centigrade. 
Total organic carbon. 

lTotal suspended solids. 
mMeasured in Jackson turbidity units. 

95% ccb 

0.0027 



Parameter 

Ag 
Al 
As 
BODe 
Cd 
Chloroform 
Cl 
Conductivityd 
Cr 
Cu 
DOe 
F 
Fe 
Flowf 

Hg 
Mn 
NH4 
Ni 
NO 
OiT and grease 
P 
Pb 
PCB 
pHg 
504 , 
TDS' , 
Tem~eratureJ 
TOC 
Trirhloroethylene 
TSS 
Turbiditym 
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Table SO. NPDES discharge point X15a 

July - September 1988 

No. of 
Samples Max 

3 
3 
3 
3 
3 
3 

13 
3 
3 
3 

13 
3 
3 

63 
3 
3 
3 
3 
3 

13 
3 
3 
3 
3 
3 
3 

12 
3 
3 
3 
3 

< 0.0050 
1.7 

< 0.060 
< 5.0 
< 0.0020 
< 0.0050 
< 0.010 

0.70 
0.033 
0.020 

15 
1.1 
1.8 

19 
0.00010 
0.19 
0.18 
0.0095 

< 5.0 
38 
0.30 

< 0.0040 
< 0.00050 

8.9 
69 

280 
32 
4.2 

< 0.0050 
61 
78 

Concentration (mg/L) 

Min Av 

< 0.0050 < 0.0050 
0.50 0.96 

- < 0.060 < 0.060 
< 5.0 < 5.0 
< 0.0020 < 0.0020 

0.0010 0.0023 
< 0.010 < 0.010 

0.35 0.48 
0.010 0.019 

< 0.010 < 0.016 
6.0 9.1 
1.0 1.0 
0.37 0.87 
3.1 5.2 

< 0.00005 < 0.000067 
0.044 0.096 
0.021 0.10 

< 0.0060 <0.0072 
< 5.0 < 5.0 
< 2.0 < 12 

0.20 0.23 
< 0.0040 < 0.0040 
< 0.00050 < 0.00R50 

8.4 NA 
52 59 

220 250 
20 27 
3.5 3.8 

< 0.0050 < 0.0050 
8.0 27 

12 39 

95% ccb 

o 
0.76 
o 
o 
o 
0.0027 
o 
0.22 
0.014 
0.0061 
1.5 
0.067 
0.89 
0.58 
0.000033 
0.089 
0.092 
0.0023 
o 
6.8 
0.067 
o 
o 

NAh 
10 
33 

1.9 
0.41 
o 

34 
40 

0, 
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Table 50. (continued) 

July - September 1988 

Concentration (mg/L) 

Parameter 

Zn 

No. of 
Samples Max 

3 0.058 

Min 

0.019 

aWhite Oak Dam, ORNL. 
b95% confidence coefficient about the average. 
~Biological oxygen demand. " 
Expressed in mS/cm. 

eDissolved oxygen. 

Av 

0.034 

fMeasured in millions of gallons per day. 
~Expressed in standard units; average not applicable • 
. NA = not applicable. 
~Total dissolved solids. 
~Measured in degrees centigrade. 
Total organic carbon. 

lTotal suspended solids. 
mMeasured in Jackson turbidity units. 

95% ccb 

0.024 
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Table 51. NPDES miscellaneous source VC7002a 

July - September 1988 

Concentration (mg/L) 

No. of 
Parameter Samples Max Min Av 

BODc 3 6.0 < 5.0 < 5.3 
Downstream pHd 3 7.6 7.5 NAe 
Fecal coliformf 3 > 600 < 1.0 < 200 
Oil and grease 3 14 4.0 7.7 
pHsd 3 7.5 7.2 NAe 
Phenols 3 0.021 . 0.0030 0.0090 
TSSg 3 320 < 5.0 < 110 

~vehicle and Equipment Cleaning Facility, Building 7002. 
95% confidence coefficient about the average. 

CBiological oxygen demand. 
dExpressed in standard units; average not applicable. 
eNA = not applicable. 
fExpressed in colonies per 100 mL. 
gTotal suspended solids. 

95% ccb 

0.67 
NAe 

400 
6.4 
NAe 
0.012 

210 
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Table 52. NPDES coolingtowersa 

July - September 1988 

Concentration (mg/l) 

No. of 
Parameter Samples Max Min Av 

Cl 23 0.50 0 0.081 
Cr 24 0.20 < 0.0050 < 0.024 
Cu 24 1.0 < 0.010 < 0.12d Downstream pHc 16 8.7 8.0 NA 
Flowe 25 0.19 0.00043 0.04J 
pHc . 24 9.0 7.6 NA 
Temperaturef 24 33 26 29 
Zinc 24 5.1 0.047 0.85 

aORNl. 
b95% confidence coefficient about the average. 
~Expressed in standard units; average not applicable. 

NA = not applicable. 
~Measured in millions of gallons per day. 
Measured in degrees centigrade. 

95%cCb 

0.069 
0.019 
0.08~ 

NA 
0.02~ 

NA 
0.89 
0.57 
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Table 53. NPDES miscellaneous outfalls 

July - September 1988 

Concentration (mg/L) 

Parameter 

Flowc 
Oi~ and grease 
pH 
Temperaturee 

EF7002a 

< 2.0 
7.4 

aVehicle and Equipment Maintenance Facility, 
Building 7002. 

bCentral Steam Plant, Building 2519. 
~Measured in millions of gallons per day. 
Expressed in standard units. 

eMeasured in degrees centigrade. 

Location 

SP2519b 

0.00011 

7.7 
31 
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Table 54. NPDES discharge point category II outfallsa 

July - September 1988 

Concentration (mg/L) 

No. of 
Parameter Samples Max Min Av 

Downatream pHc 32 8.8 6.7 NAe 
Flow 32 0.22 0.000043 0.019 
Oil and grease 32 15 < 2.0 < 3.1 
pHc 32 8.5 -6.5 NAe 
Temperaturef 32 66 19 29 
TSS 32 200 5.0 18 

aORNL. 
b95% confidence coefficient about the average. 
~Expressed in standard units; average not applicable. 
Measured in millions of gallons per day. 

eNA = not applicable. 
fMeasured in degrees centigrade. 

95%ccb 

NAe 
0.014 
1.86 

NAe 
4.4 

15 
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Table 55. NPDES discharge point category III outfallsa 

July - September 1988 

Concentration (mg/L} 

No. of 
Parameter Samples Max Min 

Flawc 19 0.0055 0.0000043 
pH 19 8.3 6.8 

aORNL. 
b95% confidence coefficient about the average. 
~Measured in millions of gallons per day. 
Standard units; average not applicable. 

eNA = not applicable. 

Av 

0.0013 
NA 

95%ccb 

0.00080 
NAe 
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Table 56. NPDES noncompliances 

July 1988 

Concentration (mg/L) Permit 
Limit 

Station Parameter Daily Maximum (mg/L) 

Sewage Treatment Fecal coliform > 600 400a 
Plant (XOI) 

Vehicle Cleaning Fecal coliform > 600 200a 
Facility (VC7002) 

Category II I Sheen on water visible sheen; Sheen, 
Outfalls 341 & 342 surface; floating visible solids floating 

solids solids not 
acceptable 

aColonies per 100 mL.· 
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Table 57. NPDES noncompliances 

August 1988 

Concentration (mg/L) Permit 
Limit 

Station Parameter Dai1y Maximum (mg/L) 

Cooling Systems Zinc 2.94 1.0 
(CS 2000) 

Cooling Systems Zinc 4.05 1.0 
(CS 2001) 

Cooling Systems Zinc 5.14 1.0 
(CS 2026) 

Category II Flow "visible sheen NAa 
Outfall 249 on water" 

Cooling Systems Residual chlorine 0.45 0.2 
(CS 2539) 

Cooling Systems Residual chlorine 0.50 0.2 
(CS 3025E) 

Cooling Systems Residual chlorine 1.0 0.2 
(CS 3504) 

Cooling Systems Downstream pH 8.8b 8.5b 
(CS 4509) 

Cooling Systems Residual chlorine 0.32 0.2 
(CS 4510) 

Cooling Systems Residual chlorine 0.40 0.2 
(CS 3089) 

Cooling Systems Zinc 2.86 1.0 
(CS 3525-W) 

Coal Yard Runoff Temperature 31.6c 30.5c 
(X02) 

Coal Yard Runoff Temperature 30.6c 30.5c 
(X02) 



~ 
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Table 57. (continued) 

August 1988 

Concentration (mg/L) 

Station Parameter Daily Maximum 

Coal Yard Runoff Temperature 32.8c 
(X02) 

Sewage Treatment Chlorine 0.9 
Plant (XOl) 

Vehicle Cleaning Total Suspended 319 
Facility (VC7002) Solids 

White Oak Creek Chlorine Measurement 
(XI4) not taken 

Coal Yard Runoff Downstream pH 8.8b 
(X02) 

aNA = not applicable. 
bMeasured in standard units. These downstream pH 
violations are not actually NPDES permit limit 
noncompliances; however, they are exceedances of 

cTennessee water quality criteria for White Oak Creek. 
Measured in degrees centigrade. 

Permit 
Limit 

(mg/L) 

30.Sc 

0.5 

40 

NAa 

8.Sb 
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Table 58. NPDES noncompliances 

September 1988 

Concentration (mg/L) Permit 
Limit 

Station Parameter Dai'y Maximum (mg/L) 

Category II Total suspended 195 50 
Outfall 248 solids 

Category II Total suspended 164 50 
Outfall 265 solids 
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The residual chlorine value at cooling tower 3504 was in exceedance of the 
permit limit. Cooling tower chlorination procedures and their implementa­
tion are under review and improvement by ORNL personnel. 

The temperature limit violations at the Coal Yard Runoff Treatment Facility 
were attributed to natural conditions: shallow water levels in the X02 
basins, plus hot. sunny days (daily temperature running about 20 above 
normal) raised the water temperature above the limit. 

The chlorine exceedance at XOl was caused by a temporary peak that occurred 
in the effluent chlorine level on August 11, 1988,.when the STP chlorinator 
was turned back on after having been turned off for three days. The unit 
had been turned off to facilitate an instream chlorine study requested by 
the Tennessee Department of Health and Environment (TDHE). Within a few 
hours after the unit was turned back on, STP personnel had regulated the 
effluent chlorine back to an acceptable level. No further 
chlorine exceedances were detected in the STP effluent. 

No cause has been determined with certainty for the total suspended solids 
violation that was measured at VC7002 on August 1, 1988. The incident is 
currently under investigation by EMC personnel. 

The copper and zinc limit exceedances that were measured at several cooling 
towers have been attributed to corrosion of metal components within the 
towers. Enhanced routine maintenance of ORNL cooling towers is currently 
being addressed by ORNL Plant and Equipment Division personnel. 

The noncompliance for chlorine at WOC occurred because a measurement was 
not taken. 

The downstream pH measurement of 8.8 at the Coal Yard Runoff Treatment 
Facility was an exceedance of a Tennessee Water Quality Criterion, not a 
NPDES numeric limit. No reason has been determined for the exceedance. 

September 1988 

The total suspended solids violation was measured at outfall 248 during 
rainfall on September 24, 1988. The exceedance was attributed to rain 
runoff flushing dust and other particulate matter into First Street drains 
that discharge through outfall 248. The rain on September 24 was the first 
rain of any appreciable amount since September 17. 

The total suspended solids violation was measured at outfall 265 during 
rainfall on September 24, 1988. The exceedance was attributed to rain 
runoff flushing dust and other particulate matter into First Street drains 
that discharge through outfall 265. 
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Polychlorinated Biphenyls (PCBi) in the Aquatic Environment 

Hater and sediment samples were collected from various locations along HOC, 
MB, and the Clinch River (CR) to determine PCB concentrations in these areas 
(see Fig. 7). This was done to comply with the Clean Hater Act (CHA) and ;s 
an integral part of ORNL's NPDES activities. Sediment samples were collected 
and analyzed in addition to water because PCBs are relatively insoluble in 
water and tend to accumulate in stream sediments. Water sampling is being 
performed quarterly and sediment sampling is being performed semiannually. 

Hater from the building areas containing either equipment or storage drums 
with PCB concentrations> 500 ppm were sampled at five locations along-the 
Northwest Tributary (NHT) and WOC. In addition, water samples were taken on 
MB, Hhite Oak Lake near HOD, and the CR. Sed.iment samples were taken from 
HOC, MB, WOO, and the CR. 

There are currently no regulatory guidelines for PCB concentrations in water 
or stream sediment. The results from these samples will be used to help 
detect sources of PCB contamination and provide a history of PCB concentra­
tions in the ORNL area. 

The concentrations of PCBs in water during May 1988 were below the analytical 
detection limit at all sampling sites. Analyses were performed for seven 
aroch1ors of PCBs, all of which were below their detection limit. The detec­
tion limit for PCB arochlors 1016, 1221, 1232, 1242, and 1248 is 0.6 ~g/L. 
The detection limit for PCB arochlors 1254 and 1260 is 1.2 ~g/L. 

Table 59 contains a. summary of the sediment sample results. All samples 
except locations 6 and 10 had results below their detection limits. location 
6 had the highest concentrations of PCB (average of 12,000 ~g/kg) and ;s 
the closest sediment sample location to ORNl. location 10 had an average of 
3,000 ~g/kg concentration and is at the beginning of White Oak Lake (HOl). 
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Table 59. PCB concentrations in sedimenta 

May 1988 

No. of Concentration (pg/kg) 
Analysis Samples 

Max Min Av 

1016 2 < 910 < 530 < 720 
1221 2 < 910 < 530 < 520 
1232 2 < 910 < 530 < 720 
1242 2 < 910 < 530 < 720 
1248 2 3000 2800 2900 
1254 2 7800 4800 6300 
1260 2 2500 2100 2300 

1016 2 < 170 < 160 < 170 
1221 2 < 170 < 160 < 170 
1232 2 < 170 < 160 < 170 
1242 2 '< 170 < 160 < 170 
1248 2 < 170 < 160 < 170 
1254 2 < 350 < 330 < 340 
1260 2 < 350 < 330 < 340 

1016 2 < 130 < 120 < 130 
1221 2 < 130 < 120 < 130 
1232 2 < 130 < 120 < 130 
1242 2 < 130 < 120 < 130 
1248 2 < 130 < 120 < 130 
1254 2 < 270 < 230 < 250 
1260 2 < 270 < 230 < 250 

1016 2 < 220 < 170 < 200 
1221 2 < 220 < 170 < 200 
1232 2 < 220 < 170 < 200 
1242 2 < 220 < 170 < 200 
1248 2 < 220 < 170 < 200 
1254 2 < 440 < 350 < 400 
1260 2 < 440 < 350 < 400 

1016 2 < 200 < 190 < 200 
1221 2 < 200 < 190 < 200 
1232 2 < 200 < 190 < 200 
1242 2 < 780 < 190 < 490 
1248 2 < 780 < 190 < 490 
1254 2 1800 1700 1800 
1260 2 1300 1100 1200 

95%ccD 

380 
380 
380 
380 
200 

3000 
400 

10 
10 
10 
10 
10 
20 
20 

10 
10 
10 
10 
10 
40 
40 

50 
50 
50 
50 
50 
90 
90 

10 
10 
10 

590 
590 
100 
200 



Location Analysis 

CR 11 1016 
1221 
1232 
1242 
1248 
1254 
1260 

CR 12 1016 
1221 
1232 
1242 
1248 
1254 
1260 

HOD 13 1016 
1221 
1232 
1242 
1248 
1260 
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Table 59. (continued) 

No. of 
Samples 

2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 

May 1988 

Max 

< 120 
( 120 
< 120 
( 120 
< 120 
( 240 
( 240 

< 110 
< 110 
< 110 
< 110 
( 110 
< 220 
< 220 

< 180 
< 180 
< 180 
< 180 
< 360 
< 360 

Concentration (~g/kg) 

Min Av 

< 120 ( 120 
( 120 ( 120 
( 120 < 120 
( 120 < 120 
< 120 < 120 
< 240 ( 240 
< 240 < 240 

( 110 ( 110 
( 110 < 110 
< 110 < 110 
< 110 < 110 
< 110 < 110 
< 220 < 220 
( 220 < 220 

( 170 < 180 
( 170 < 180 
< 170 < 180 
< 170 < 180 
< 350 < 360 
< 350 < 360 

aSee Fig. 7. 
b95t confidence about the average of more 

than two samples. 

.95tccb 

00· 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

10 
10 
10 
10 
10 
10 

. 
~ 
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Groundwater 

Groundwater at the Solid Waste Storage Area (SWSA) 6 is monitored in order 
to comply with federal regulation 40 CFR, Part 265, and Tennessee's 
Hazardous Waste Management Rule 1200-1-11.05 for interim status 
facilities. This monitoring is also necessary to meet data needs for 
remediation activities. SWSA 6 was opened for limited disposal in 1969, 
began full-scale operations in 1973, and is still active. In the course of 
its operations, it has received a broad spectrum of low-level waste 
materials inc1udi"ng radioactive and chemically hazardous wastes. 

The wells in and around SWSA 6 are divided into the following three types: 
(1) upgradient wells, which are intended to provide reference information; 
(2) perimeter wells, which are intended to serve as downgradient boundary 
wells; and (3) internal site characterization wells, which provide infor­
mation about conditions inside the perimeter of SWSA 6 (Fig. 8). 

Data summaries for the sampling period ending during the third quarter of 
1988 are presented in Table 60. Most of the samples for this period were 
taken during June and July. EPA guidelines require, for each well, four 
measurements of conductivity, pH, temperature, total organic carbon, and 
total organic halogens. In addition, three field measurements (of conduc­
tivity, pH, and temperature) are made to verify that a well has stabilized 
after purging and before sampling. Several unidentifiable organic compounds 
were detected and several compounds that are not on the EPA list of target 
compounds were tentatively identified. Each of these has a characteristic 
retention time (in minutes and seconds) which is also given in the first 
column. Unknowns with retention times within 0.5% of each other may be the 
same compound. Instances where primary drinking water limits were exceeded 
are summarized in Table 61. 

Most parameters of interest were at low or undetectable levels during the 
sampling period. Of the perimeter wells located along the southern boundary 
of SWSA 6 next to White Oak lake (wells 835, 836, and 837), only well 835 
with 920 8q/L of tritium exceeded a drinking water limit (Table 61). In 
all the perimeter wells, the only three parameters exceeding drinking water 
limits were fecal coliform, gross beta, and tritium (Table 61). 

High tritium levels were found in some of the internal and perimeter wells. 
Well 848 (internal) and well 842 (perimeter) had significant levels of 
tritium and gross beta. Well 848 had the highest tritium level of the 
tested wells. It also had the highest measured level of total strontium. 
The well with the highest gross beta was perimeter well 842 with 9.1 8q/L. 
Coba1t-60 was also detected in this well at 13 Bq/L. All other perimeter 
wells contained less than 1 Bq/L of gross beta activity. 

The northeast periphery of SWSA 6 is bounded by a small stream that drains 
radioactively contaminated pit and trench areas. Some of the contamination 
detected in the shallow monitoring wells may be derived from the stream and 
not from a groundwater contamination plume. Two shallow "perimeter wells, 
842 (7.2 m deep) and 843 (6 m deep), have high levels of tritium (24,000 
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Parameter 

1,1,I-Trichloroethane 
1,I-Dichloroethane 
1,I-pichloroethene 
1,2-Dichloroethane 
1,2-Dichloroethene 
1,4-Dioxane~14.44 
2,4,5-T 
2-Butanone 
Acetone 
Ag . ' 
Al 
Alkal inity 
B 
Ba 
Be 
Benzene 
Bi s(2-ethylhexyl)phthal ate 
Ca 
Carbon tetrachloride 
Cd 
Chloroform 
Cl 
Co 
Co-60 
Conductivity 
Cs-137 
Cu 
Di-n-butylphthalate 
Diethylphthalate 
Dissolved Ba 

. . 

Table 60. SWSA 6 groundwater summary statistics 

June - September 1988 

Number 
of Value 

Samples Min Qualifiera Av Max 

Perimeter wellsb 

13 0.0050 U 0.0050 0.0050 
13 0.0050 U 0.0051 0.0060 
13 0.00050 J 0.0043 0.0050 
13 0.0050 U 0.0065 0.024 
13 0.0050 U 0.0058 0.013 ' 
1 0.16 J 0.16 0.16 

13 0.00010 U 0.00012 0.00030 
13 0.010 U 0.010 0.010 
13 0.0010 JB 0.011 0.046 
13 0.0050 U 0.0051 ' 0.0060 
13 0.060 U 0.35 0.61 
13 7.0 240 440 
13 0.080 U 0.080 0.080 
13 1.0 U 1.0 1.0 
13 o .00ll 0.0028 0.0040 
13 0.0030 J 0.0048 0.0050 
13 0.0020 JB 0.0079 0.016 
13 2.9 83 170 
13 0.0050 U 0.0086 0.052 
13 0.0020 U 0.0020 0.0020 
13 0.0010 J 0.010 0.074 
13 1.1 6.4 17 
13 0.0030 U 0.0030 0.0030 
13 -O.ll 1.1 13 
91 0.010 0.23 0.60 
13 -0.010 0.080 0.44 
13 0.010 U 0.012 0.023 
13 0.00050 J 0.0057 O.Oll 
13 0.0055 U 0.0097 0.011 
13 1.0 U 1.0 1.0 

Value 
Qualifiera 

U 

U 

J 

U 
B 

U 
U 

U 
B 

U 

U 

U 
U 
U' 

Units 

mG/L 
mG/L 
mG/L 
mG/L 
mG/L 
mG/L 
mG/L 
mG/L 
mG/L 
mG/L 
mG/L 
mG/L 
mG/L 
mG/L 
mG/L 
mG/L 
mG/L 
mG/l 
mG/l 
mG/l 
mG/l 
mG/L 
mG/l 
Bq/L 
mS/CM 
Bq/L 
mG/l 
mG/l 
mG/l 
mG/l 

. , 

...... 
a 
"'-l 



. Table 60. (continued) 

Number 
of Value 

Parameter Samples Min Qual ifiera Av 

Perimeter wellsb 

Dissolved Fe 13 0.050 U 0.077 
Dissolved Hg 13 0.00010 U 0.00010 
Dissolved Mn 13 0.010 0.054 
Dissolved Na 13 1.3 13 
Ethyl ether-12.11 1 0.22 J 0.22 
Ethyl benzene 13 0.0010 JB 0.0037 
F 13 1.0 U 1.0 
Fe 13 0.090 0.51 
Fecal Coliform 17 1.0 U 30 
Gross Alpha 13 0 0.24 
Gross beta 13 0.12 1.1 
Hg 13 0.00010 U 0.00010 
Methylene chloride 13 0.0010 JB 0.0015 
Mg 13 0.53 13 
Mn 13 0.010 0.068 
Na 13 1.3 13 
Naphthalene 13 0.0020 J 0.0092 
Ni 13 0.0060 U 0.0081 
N03 13 0.50 U 0.71 
pH 91 5.0 6.9 
Phenolics, total recoverable 13 0.0010 U 0.0010 
Se 13 0.0050 U 0.0050 
S1 13 4.0 7.9 
S04 13 5.0 U 28 
Sr 13 0.011 0.38 
Temperature 91 14 15 
Tetrachloride 13 0.0020 J 0.0048 
Ti 13 0.020 U 0.020 
Total organic carbon 52 0.50 U 1.1 
Toluene 13 0.0010 JB 0.0035 
Total radium 13 0 0.040 
Total Src 13 -0.10 0.075 
Total organic halogens 65 0 0.34 

.. 

Max 

0.30 
0.00010 
0.16 

83 
0.22 
0.0050 
1.0 
3.2 

290 
0.41 
9.1 
0.00010 
0.0030 

28 
0.24 

86 
0.011 
0.018 
2.5 

' 7.5 
0.0010 
0.0050 

11 
140 

1.1 
16 
0.0050 
0.020 
6.7 
0.0050 
0.080 
0.19 
5.0 

Value 
Qualifiera 

U 

J 
U 
U 

U 
JB 

U 

U 
U 

U 
U 

U 

U 

Units 

mG/l 
mG/l 
mG/l 
mG/l 
mG/l 
mG/l 
mG/l 
mG/l 
NTU 
Bq/l 
Bq/l 
mG/l 
mG/l 
mG/l 
mG/l 
mG/l 
mG/l 
mG/l 
mG/l 
STD UNITS 
mG/L 
mG/l 
mG/L 
mG/l 
mG/L 
DEG C 
mG/L 
mG/l 
mG/L 
mG/L 
Bq/l 
Bq/l 
NTU 

. . 

..... 
a 
00 
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Table 60. (continued) 

Number 
, 

of Value Value 
Parameter Samples Min Qualifiera Av Max Qualifiera Units 

Perimeter wellsb 

Trichloroethene 13 0.0050 U 0.035 0.39 E mG/L 
Trichlorofluoromethane 2 0.0050 J 0.0075 0.010 J mG/L 
Trit ium 13 -14 5600 30000 Bq/L 
Turbidity 13 0.050 4.0 21 NTU 
Unknown hydrocarbon 1 0.0060 JB 0.0060 0.0060 JB mG/L 
Unknown hydrocarbon-30.03 2 0.021 J 0.022 0.022 J mG/l 
Unknown hydrocarbon-39.19 1 0.014 J 0.014 0.014 J mG/l 
Unknown hydrocarbon-39.21 1 0.015 J 0.015 0.015 J mG/l 
Unknown hydrocarbon-44.62 1 0.11 JB 0.11 0.11 JB mG/l 
Unknown-l0.02 2 0.0050 JB 0.0055 0.0060 J mG/l 
Unknown-IO.05 1 0.0030 JB 0.0030 0.0030 JB mG/l 
Unknown-ll.91 1 0.0080 J 0.0080 0.0080 J mG/l ...... 

0 

'Unknown-13.35 1 0.0060 J 0.0060 0.0060 J mG/l \D 

Unknown-16.53 1 0.015 J 0.015 0.015 J mG/l 
Unknown-17.56 1 0.0050 J 0.0050 0.0050 J mG/L 
Unknown-20.83 1 0.0030 J 0.0030 0.0030 J mG/L 
Unknown-22.28 1 0.0010 J 0.0010 0.0010 J mG/l 
Unknown-22.72 1 0.0030 J 0.0030 0.0030 J mG/l 
Unknown-24.57 I 0.0040 J 0.0040 0.0040 J mG/l 
Unknown-26.43 1 0.0010 J 0.0010 0.0010 J mG/L 
Unknown-26.67 3 0.0040 J 0.0053 0.0060 J mG/L 
Unknown-26.68 1 0.0020 J 0.0020 0.0020 J mG/L 
Unknown-29.29 2 0.0080 JB 0.022 0.035 JB mG/L 
Unknown-29.3 1 0.023 JB 0.023 0.023 JB mG/L 
Unknown-29.31 1 0.038 JB 0.038 0.038 JB mG/l 
Unknown-29.62 1 0.0050 JB 0.0050 0.0050 JB mG/l 
Unknown-29.63 4 0.0030 JB 0.0050 0.0070 JB mG/l 
Unknown-29.66 1 0.0020 JB 0.0020 0.0020 JB mG/l 
Unknown-30.03 1 0.0070 J 0.0070 0.0070 J mG/l 
Unknown-30.04 1 0.0040 J 0.0040 0.0040 J mG/l 
Unknown-31.68 1 0.0080 J 0.0080 0.0080 J mG/l 
Unknown-31.69 2 0.010 J 0.01l 0.011 J mG/L ' 
Unknown-33.97 1 0.0030 J 0.0030 0.0030 J mG/L 



Table 60. {continued} 

Number 
of Value Value 

Parameter Samples Min Qual ifiera Av Max Qual ifiera Units 

Perimeter wellsb 

Unknown-37.95 1 0.020 J 0.020 0.020 J mG/l 
Unknown-37.96 1 0.014 J 0.014 0.014 J mG/l 
Unknown-38.26 1 0.0060 JB 0.0060 0.0060 JB mG/l 
Unknown-38.3 1 0.017 JB 0.017 0.017 JB mG/l 
Unknown-39.22 1 0.0090 J 0.0090 0.0090 J mG/l 
Unknown -41 .48 1 0.022 JB 0.022 0.022 JB mG/l 
Unknown-41.49 1 0.10 JB 0.10 0.10 JB mG/l 
Unknown-41.51 2 0.058 JB 0.094 0.13 JB mG/l 

·Unknown-41.95 1 0.028 JB 0.028 0.028 JB mG/l 
Unknown-41.96 2 0.012 JB 0.013 0.013 JB mG/l. 
Unknown-4·1.97 1 0.016 JB 0.016 0.016 JB mG/l 
Unknown-41.98 1 0.0060 JB 0.0060 0.0060 JB mG/l I-' 

Unknown-42.03 1 0.024 JB 0.024 0.024 JB mG/l I-' 
0 

Unknown-44.6 1 0.039 JB 0.039 0.039 JB mG/l 
Unknown-44.62 1 0.19 JB 0.19 0.19 JB mG/l 
Unknown-44.65 1 0.27 JB 0.27 0.27 JB mG/l 
Unknown-7.84 3 0.010 JB 0.014 0.017 JB mG/l 
Unknown-7.86 1 0.0050 JB 0.0050 0.0050 JB mG/l 
Unknown-7.98 2 0.021 JB 0.030 0.038 JB mG/l 
Unknown-7.99 2 0.033 JB 0.058 0.082 JB mG/l 
Unknown-8.13 1 0.0040 J 0.0040 0.0040 .J mG/l 
Unknown-8.21 3 0.0030 J 0.0053 0.0080 J mG/l 
Unknown-8.24 3 0.0040 J 0.0050 0.0070 J mG/l 
Unknown-B.27 1 0.015 JB 0.015 0.015 JB mG/l 
Unknown-8.33 1 0.011 JB 0.011 0.011 JB mG/l 
Unknown-8.34 3 0.0050 JB 0.0077 0.0090 JB mG/l 
Unknown-8.36 2 0.0030 JB 0.018 0.032 JB mG/l 
Unknown-8.38 2 0.076 JB 0.077 0.077 JB mG/l 
Unknown-8.67 1 0.0020 J 0.0020 0.0020 J mG/l 
Unknown-8.81 2 0.0040 JB 0.0040 0.0040 JB mG/l 
Unknown-8.85 1 0.0050 J 0.0050 0.0050 J mG/l 
V 13 0.0040 U 0.0083 0.012 mG/l 
Vinyl chloride 13 0.010 (U 0.010 0.010 U mG/l 



Table 60. (continued) 

Number 
of Value Value 

Parameter Samples Min Qualifiera Av Max Qualifiera Units 

Perimeter wellsb 

Xylene (total) 13 0.0050 U 0.0050 0.0050 U mG/L 
In 13 0.0070 U 0.0080 0.013 mG/L 

Site characterization wellsb 

I, I, I-Trichloroethane 10 0.00070 J 0.0044 0.0050 U mG/L 
I,I-Dichloroethane 10 0.0050 U 0.0062 0.013 mG/L 
1,I-Dichloroethene 10 0.0050 U 0.0050 0.0050 U mG/L 
1,2-Dichloroethane 10 0.0020 J 0.0047 0.0050 U mG/L 
1,2-Dichloroethene 10 0.0040 J 0.023 0.17 mG/L 
1,4-Dioxane-14.44 3 0.0050 J 0.12 0.22 J mG/L ...... 
1,4-Dioxane-14.44 I 0.0060 J 0.0060 0.0060 J mG/L ...... ...... 
2,4,5-T 10 0.00010 U 0.00010 0.00010 U mG/L 
2-Butanone 10 0.010 U 0.020 0.11 mG/L 
Acetone 10 . 0.0020 JB 0.0098 0.016 B mG/L 
Ag 10 0.0050 U 0.0050 0.0050 U mG/L 
Al 10 0.060 U 0.39 0.69 mG/L 
Alkalinity 10 0.50 260 550 mG/L 
B 10 0.080 U 0.092 0.20 mG/L 
Ba 10 1.0 U 1.2 2.5 mG/l 
Be 10 0.00030 U 0.0030 0.0045 mG/l 
Benzene 10 0.0050 U 0.015 0.092 mG/l 
Bis(2-ethylhexyl)phthalate 10 0.0020 JB 0.0061 0.011 U mG/l 
Benzene derivative-IO.94 I 0.085 J 0.085 0.085 J mG/l 
Benzene derivative-ll.12 I 0.044 J 0.044 0.044 J mG/l 
Benzene derivative-ll.81 1 0.29 J 0.29 0.29 J mG/l 
Benzene derivative-12.48 1 0.048 J 0.048 0.048 J mG/l 
Benzene derivative-8.02 1 0.21 J 0.21 0.21 J mG/l 
Benzene derivative-8.38 1 0.73 J 0.73 0.73 J mG/l 
Benzene derivative-8.99 1 0.12 J 0.12 0.12 J mG/l 
Ca 10 0.20 U 97 200 mG/l 
Carbon tetrachloride 10 0.0050 U 0.0050 0.0050 U mG/l 



Table 60. (continued) 

Number 
of Value Value 

Parameter Samples Min Qualifiera Av Max Qualifiera Units 

Site characterization wellsb 

Cd 10 0.0020 U 0.0020 0.0020 U mG/l 
Chloroform 10 0.0010 J 0.0053 0.012 mG/l 
Cl 10 1.0 U 14 36 mG/l 
Co 10 0.0030 U 0.0040 0.013 mG/l 
Co-60 10 -0.70 -0.021 0.20 U Bq/l 
Conductivity 56 0.050 0.35 0.91 mS/CM 
Cs-137 10 -0.030 0.078 0.22 Bq/l 
Cu 10 0.010 U 0.012 0.021 mG/l 
Di-n-butylphthalate 10 0.0010 B 0.0045 ' 0.011 U mG/l 
Dichlorofluoromethane-6.35 1 0.011 J 0.011 0.011 J mG/l 
Diethylphthalate 10 0.0010 J 0.0094 0.011 U mG/l 
Dissolved Ba 10 1.0 U 1.2 2.9 mG/l 
Dissolved Fe 10 0.050 'U 3.6 31 mG/L 
Dissolved Hg 10 0.00010 U 0.00010 0.00010 U mG/l I-' 

Dissolved Mn 10 0.010 1.4 11 mG/l I-' 
N 

Dissolved Na 10 0.020 U 6.1 12 mG/l 
Ethyl ether-12.11 1 0.29 J 0.29 0.29 J mG/l 
Ethyl benzene 10 0.0020 JB 0.026 0.22 mG/l 
F 10 1.0 U 1.0 1.4 mG/l 
Fe 10 0.050 U 3.9 32 mG/l 
Fecal Coliform 10 1.0 U 3.4 25 COl/100 Ml 
Gross Alpha 10 0 0.18 0.54 Bq/l 
Gross beta 10 0.040 0.79 5.9 Bq/l 
Hg 10 0.00010 U 0.00010 0.00010 U mG/l 
Methylene chloride 10 0.0010 JB 0.0014 0.0030 JB mG/l 
Mg 10 0.010 U 12 31 mG/l 
Mn 10 0.010 1.5 11 mG/l 
Na 10 0.14 6.3 12 mG/l 
Naphthalene 10 0.0010 J 0.043 0.35 mG/l 

. Ni 10 0.0060 U 0.0088 0.020 mG/l 
N03 10 0.50 U 0.87 3.9 mG/l 
pH 56 6.4 6.8 7.4 STD UNITS 
Phenolics, total recoverable 10 0.0010 U ·0.0028 0.017 mG/L 

• 
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Table 60. (continued) 

Number 
of Value Value 

Parameter Samples Min Qual ifiera Av Max Qual ifiera Units 

Site characterization wellsb 

Phenol derivative-25.61 1 0.033 J 0.033 0.033 J mG/L 
Se 10 0.0050 U 0.0050 0.0050 U mG/L 
Si 10 0.20 U 7.4 12 mG/L 
S04 10 5.0 U 12 41 mG/L 
Sr 10 0.0050 U 0.18 0.41 mG/L 
Temperature 56 15 16 17 DEG C 
Tetrachloride 10 0.0030 J 0.0048 0.0050 U mG/L 
Tetrahydrofuran-ll.12 1 0.095 J 0.095 0.095 J mG/L 
Ti 10 0.020 U 0.020 0.020 U mG/L 
Total organic carbon 40 0.50 U 2.1 6.3 mG/L 
Toluene 10 0.0010 JB 0.13 1.2 mG/L 
Total radium 10 0 0.014 0.040 Bq/L 
Total Src 10 -0.060 0.29 1.9 Bq/L ...... 
Total organic halogens 52 0.0010 U 0.098 1.2 mG/L ...... 

w 
Trichloroethene 10 0.0030 J . 0.11 1.0 E mG/L 
Tritium 10 -26 26000 160000 Bq/L 
Turbidity 10 0.020 5.3 30 NTU 
Tetramethyl butyl phenol-23. 1 0.10 J 0.10 0.10 J mG/L 
Unknown-14.20 1 0.011 J 0.011 0.011 J mG/L 
Unknown-1O.02 1 0.0050 JB 0.0050 0.0050 JB mG/L 
Unknown-13.36 1 0.0050 J 0.0050 0.0050 J mG/L 
Unknown-14·.93 1 0.0060 J 0.0060 0.0060 J mG/L 
Unknown-24.4 1 0.025 J 0.025 0.025 J mG/L 
Unknown-24.94 1 0.024 J 0.024 0.024 J mG/L 
Unknown-25.07 1 0.061 J 0.061 0.061 J mG/L 
Unknown-25.2 1 0.094 J 0.094 0.094 J mG/L 
Unknown-25.29 1 0.070 J 0.070 0.070 J mG/L 
Unknown-25.35 1 0.032 J 0.032 0.032 J mG/L 
Unknown-25.49 1 0.036 J 0.036 0.036 J mG/L 
Unknown-25.75 1 0.061 J 0.061 0.061 J mG/L 
Unknown-25.87 1 0.027 J 0.-027 0.027 J mG/L 
Unknown-29.28 1 0.011 JB 0.011 0.011 JB mG/L 
Unknown-29.29 2 0.0040 JB 0.0050 0.0060 JB mG/L 



Table 60. (continued) 

Number 
of Value Value 

Parameter Samples Min Qualifiera Av Max Qual ifiera Units 

Site characterization wellsb 

Unknown-29.3 3 0.012 JB 0.016 0.024 JB mG/L 
Unknown-29.63 I 0.0070 JB 0.0070 0.0070 JB mG/L 
Unknown-30.07 I 0.0050 J 0.0050 0.0050 J mG/L 
Unknown-30.24 I 0.0030 J 0.0030 0.0030 J mG/L 
Unknown-38.29 I 0.0060 JB 0.0060 0.0060 JB mG/L 
Unknown-41.48 2 0.015 JB 0.027 0.038 JB mG/L 
Unknown-41.5 2 0.022 JB 0.024 0.026 JB mG/L 
Unknown-42.02 I 0.018 JB 0.018 0.018 JB mG/L 
Unknown-44.59 I 0.078 JB 0.078 0.078 JB mG/L 
Unknown-44.6 2 0.013 JB 0.020 0.026 JB mG/L 
Unknown-44.61 2 0.038 JB 0.043 0.048 JB mG/L 
Unknown-7.83 5 0.0040 JB 0.0066 0.0090 J . mG/L 
Unknown-7.84 2 0.0060 J 0.0090 0.012 JB mG/l ...... ...... 
Unknown-7.96 6 0.061 JB 0.064 0.066 JB mG/L .j::oo 

Unknown-7.98 I 0.080 JB 0.080 0.080 JB mG/L 
Unknown-8.I2 I 0.012 J 0.012 0.012 J mG/L 
Unknown-8.25 I 0.013 JB 0.013 0.013 JB mG/L 
Unknown-8.38 I 0.063 JB 0.063 0.063 JB mG/L 
Unknown-8.77 I 0.091 JB 0.091 0.091 JB mG/l 
Unknown-8.8l 1 0.0060 JB 0.0060 0.0060 JB mG/L 
Unknown-8.85 I 0.010 J 0.010 0.010 J mG/L 
Unknown-8.93 I 0.010 J 0.010 0.010 J mG/L 
V 10 0.0040 U 0.0087 0.015 mG/L 
Vinyl chloride 10 0.010 U 0.015 0.060 mG/L 
Xylene (total) 10 0.0030 J 0.17 1.7 mG/L 
Zn 10 0.0070 U 0.0081 0.018 mG/L 

Upgradient wellsb 

I,I,I-Trichloroethane 8 0.0050 U 0.0050 0.0050 . U mG/L 
I,I-Oichloroethane 8 0.0050 U 0.0050 0.0050 U mG/L 
1,I-Oichloroethene 8 0.0050 U 0.0050 0.0050 U mG/L 

.. 
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Table 60. (continued) 

Number 
of Value Value 

Parameter Samples Min Qualifiera Av Max Qua l"j fi era Units 

Upgradient wellsb 

1,2-Dichloroethane 8 0.0050 U 0.0050 0.0050 U mG/L 
1,2-Dichloroethene 8 0.0050 U 0.0050 0.0050 U mG/L 
2,4,5-T 8 0.00010 U 0.00010 0.00010 U mG/L 
2-Butanone 8 0.010 U 0.013 0.032 mG/L 
2-Propanol-8.82 1 0.13 J 0.13 0.13 J mG/L 
Acetone 8 0.010 U 0.70 4.7 BE mG/L 
Ag 8 0.0050 U 0.0050 0.0050 U mG/L 
Al 8 0.036 U 0.36 0.72 mG/L 
Al ka 1 inity 8 2.0 170 420 . mG/L 
Aliphatic acid-29.63 2 0.0040 JB 0.0055 0.0070 JB mG/L 
B 8 0.048 U 0.072 0.080 U mG/L 
Ba 8 1.0 U 1.0 1.0 U mG/L 
Be 8 0.00018 U 0.0017 0.0027 mG/L ...... 
Benzene 8 0.0050 U 0.0050 0.0050 U mG/L ...... 

U1 

Bis(2-ethylhexyl)phthalate 8 0.0040 JB 0.0098 0.019 B mG/L 
Ca 8 0.12 U 65 160 mG/L 
Carbon tetrachloride 8 0.0050 U 0.0050 0.0050 U, mG/L 
Cd 8 0.0020 U 0.0023 0.0030 mG/L 
Chloroform 8 0.0050 U 0.0050 0.0050 U mG/L 
Cl 8 1.0 U 2.4 7.1 mG/L 
Co 8 0.0018 U 0.0027 0.0030 U mG/L 
Co-60 8 0.10 U 0.15 0.20 U BQ/L 
Conductivity 49 0.010 0.37 0.89 mS/CM 
Cs-137 . 8 0.10 U 0.20 0.68 BQ/L 
Cu 8 0.0060 U 0.0090 0.010 U mG/L 
Di-n-butylphthalate 8 0.0010 JB 0.0080 0.020 U mG/L 
Diethylphthalate 8 0.010 U 0.012 0.020 U mG/L 
Dissolved Ba 8 1.0 U 1.0 1.0 U mG/L 
Dissolved Fe 8 0.050 U 0.099 0.44 mG/L 
Dissolved Hg 8 0.00010 U 0.00016 0.00040 mG/L 
Dissolved Mn 8 0.010 0.025 0.050 mG/L 
Dissolved Na 8 0.020 U 6.9 19 mG/L' 
Ethyl benzene 8 0.0020 JB 0.0020 0.0020 JB mG/L 



Table 60. (continued) 

Number 
of Value Value 

Parameter Samples Min Qualifiera Av Max Qual Hiera Units 

Upgradient wellsb 

F 8 1.0 U 1.0 1.0 U mG/L 
Fe 8 0.050 0.74 3.3 mG/L 
Fecal Col Horm 7 1.0 U 1.0 1.0 U COL/I00 ML 
Gross Alpha 8 0 0.067 0.25 8q/L 
Gross beta 8 0 0.17 0.44 8q/L 
Hg 8 0.00010 U 0.00018 0.00070 mG/L 
Methylene chloride 8 0.0020 J8 0.0045 0.0050 U mG/L 
Mg 8 0.010 14 45 mG/L 
Mn 8 0.010 0.089 0.19 mG/L 
Na 8 0.10 6.8 19 mG/L 
Naphthalene 8 0.010 U 0.012 0.020 U mG/L 
Ni 8 0.0036 U 0.0064 0.012 mG/L 
N03 8 0.50 U 0.50 0.50 U mG/L 
pH 49 5.1 7.3 8.4 STD UNITS ...... 

...... 
Phenolics, total recoverable 8 0.0010 U 0.25 1.0 U , mG/L 0"1 

Se 8 0.0050 0.0050 0.0050 mG/L 
Si 8 0.12 U 6.2 13 mG/L 
S04 8 5.0 U 52 240 mG/L 
Sr 8 0.0030 U 0.14 0.37 mG/L 
Temperature 49 13 15 18 DEG C 
Tetrachloride 8 0.0050 U 0.0050 0.0050 U mG/L 
Tetrahydrofuran-ll.12 1 0.035 J 0.035 0.035 J mG/L 
Ti 8 0.012 U 0.018 0.020 U, mG/L 
Total organic carbon 32 0.50 0.68 1.8 mG/L 
Toluene 8 0.0030 J8 0.0046 0.0050 U mG/L 
Total radium 8 0.0017 0.031 0.057 8q/L 
Total Src 8 0.014 0.085 0.17 8q/L 
Total organic halogens 40 0 0.0012 0.0050 U mG/L 
Trichloroethene 8 0.0050 U 0.0050 0.0050 U mG/L 
Tritium, 8 -8.0 15 43 8q/L 
Turbidity, 8 0.025 19 140 NTU 
Unknown-l0.5 1 0.0030 J 0.0030 0.0030 J mG/L 
Unknown-l0.52 1 0.0030 J 0.0030 0.0030 J mG/L 
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Table 60. (continued) 

Number 
of Value Value 

Parameter Samples Min Qua 1 i fi el,a Av Max Qual ifiera 

Upgradient wellsb 

Unknown-ll.91 1 0.0080 J 0.0080 0.0080 
Unknown-12 1 0.0030 J 0.0030 0.0030 
Unknown-16.47 1 0.0020 J 0.0020 0.0020 
Unknown-20.03 1 0.0020 J 0.0020 0.0020 
Unknown-22.54 1 0.0020 J 0.0020 0.0020 
Unknown-27.29 1 0.0030 J 0.0030 0.0030 
Unknown-29.63 1 0.0050 JB 0.0050 0.0050 
Unknown-30.45 1 0.0040 J 0.0040 0.0040 
Unknown-35.3 1 0.0070 J 0.0070 0.0070 
Unknown-41.99 1 0.010 JB 0.010 0.010 
Unknown-42 2 .0.018 JB 0.020 0.021 , 
Unknown-8.22 1 0.0060 JB 0.0060 0.0060 
Unknown-8.23 7 0.0030 JB 0.0067 0.010 
Unknown-8.36 5 0.016 JB 0.039 0.053 
Unknown-8.37 3 0.040 JB 0.051 0.068 
Unknown-9.22 1 0.0040 J 0.0040 0.0040 
Unknown-9.34 1 0.0030 J 0.0030 0.0030 
V 8 0.0024 U 0.0061 0.011 
Vinyl chloride 8 0.010 U 0.010 0.010 
Xyl ene (tota 1) 8 0.0050 U 0.0050 0.0050 
Zn 8 0.0044 0.0099 0.020 

aOrganics: U=Undetected; B=Present in blank;J=Below detection limit, but estimated 
E=Concentration exceeds the calibration range of ~he instrument. 

Inorganics: U=Undetected; B=Value <Contract required detection limit >Instrument 
detection limit; E=Value is estimated because of the 

b presence of interference. 
See Fig. 8. 89 90 

cTotal radioactive Sr ( Sr + Sr). 
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Well 
Identifier 

852 
852 
850 
848 
853 
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848 
850 
848 
849 
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852 
850 
851 
845 

839 
839 
838 
838 
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840 
838 
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844 
745 
839 
860 
843 
842 
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Table 61. SWSA 6 analyses whose values exceed the primary 
drinking water limits 

June - September 1988 

ACD Units 
Analysis Primary of 

Analysis Result Limita Measurement 

, 

Site Characterization We11s b 

Sa 2.5 1.0 Mg/L 
Dissolved Sa 2.9 1.0 Mg/L 
Fecal coliform 25 1.0 Col/I00 mL 
Gross beta 5.9 0.30 Bq/L 
Gross beta 0.43 0.30 BqjL 
Gross beta 0.38 0.30 BqjL 
Total Src 1.9 0.30 BqjL 
Tota 1 Src 0.39 0.30 Bq/L 
Tritium 160000 740 Bq/L 
Tritium 91000 740 Bq/L 
Tritium 6800 740 Bq/L 
Tritium 2200 740 Sq/L 
Tritium 1600 740 Bq/L 
Tritium 1600 740 Bq/L 
Tritium 980 740 Bq/L 

Perimeter Wellsb 

Fecal coliform 290 1.0 Co1/100 mL 
Fecal coliform 140 1.0 Co1/100 mL 
Fecal coliform 43 1.0 Co1/100 mL 
Fecal coliform 21 1.0 Co1/100 mL 
Gross beta 9.1 0.30 Bq/L 
Gross beta 0.99 0.30 Bq/L 
Gross beta 0.59 0.30 Bq/L 
Gross beta 0.53 0.30 Bq/L 
Gross beta 0.51 0.30 Bq/L 
Gross beta 0.51 0.30 Bq/L 
Gross beta 0.51 0.30 Bq/L 
Gross beta 0.49 0.30 Bq/L 
Gross beta 0.45 0.30 Bq/L 
Gross beta 0.38 0.30 Bq/L 
Tritium 30000 740 BqjL 
Tritium 24000 740 Bq/L 



119 

Table6!. (continued) 

June - September 1988 

ACD 
Well Analysis Primary 

Identifier Analysis Result Limita 

841 Tritium 10000 740 
847 Tritium 3100 740 
844 Tritium 2700 740 
839 Tritium 1100 740 
835 Tritium 920 740 
840 Tritium 800 740 

Upgradient Well;b 

857 Gross beta 0.44 0.30 
858 Gross beta 0.35 0.30 

.. aGrosgObeta limit is derived based on a concentration 
b of Sr that would give a 4 mrem dose. 
See Fig. 8. '89 90 

CTotal radioactive Sr ( Sr + Sr). 

Units 
of 

Measurement 

Bq/L 
Bq/L 
Bq/L 
Bq/L 
Bq/L 
Bq/L 

Bq/L 
Bq/L 
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and 30,000 Bq/L, respectively). A deeper well along that boundary, weJ1 
844 (15.8 m deep), has a tritium value about an order of magnitude lower 
(2,700 Bq/L) than those for the shallow wells. 

Organics detected included acetone and trich10roethene (TeE). The high~st 
acetone concentration (4.7 mg/L) was found in well 858, an'upgradient 
well. Elevated levels of TeE were found in wells 849 and 842 in 
concentrations of 1.0 mg/L and 0.39 mg/L, respectively. Well 842 also 
exhibited low levels of other organics, including carbon tetrachloride. 
chloroform, and 1,2 di-chloroethane (a degradation product of TeE). 

High coliform levels were detected in wells 838. 839, and 850. The high 
coliform levels could be an artifact of the well construction method. Well 
materials were not sterilized before installation. Analysis of subsequent 
samples (to be reported at a later date) has indicated that amounts of 
fecal coliform have diminished to undetectable levels. The only metal that 
exceeded drinking water limits was barium (both total and dissolved), 
detected in well 852 (an internal site characterization well). 
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METEOROLOGICAL PROCESSES 

Meteorological processes a~e continuously monitored at ORNL so that current 
weather conditions may be taken into account, as needed, in response to 
emergencies that may arise. Heather records are also kept for climato­
logical studies and for supportive information in hydrologic modeling and 
monitoring, facility design, scheduling of construction activities, and 
interpretation of nonmeteorological data (e.g., total suspended solids in 
surface water) that may depend on recent weather conditions. 
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Precipitation 

Monthly precipitation totals for several sites are averaged to obtain 
representative monthly values for ORNL and the surrounding-area. The 
stations included are indicated by three-character identifiers on 
the location map in Fig. 9. These stations provide data for climato­
logical studies. Most of the other sites in Fig. 9 are represented by 
five-character identifiers with the last two digits identifying the air 
monitoring station at which each gauge is located. Precipitation gauges 
located at the air monitoring stations report real-time data for short-term 
studies and emergency response situations. It is expected that ~ata from 
these stations will be available for quarterly and annual reporting purposes 
in the near future. Much of the data summarized in this report comes from 
the precipitation measuring network of the Environmental Sciences Division 
of ORNL. In addition, the Atmospheric Turbulence and Diffusion Division 
(ATDD) of the National Oceanic and Atmospheric Administration (NOAA) 
maintains a weather station in the city of Oak Ridge. Observations have 
been made at that station for a long enough period to provide 30-year 
(1951-1980) normals for comparison with amounts for the current year. 
Table 62 shows the total precipitation at ATDD and departure from ATDD 
long-term normal, along with the ORNL representative value, for each of the 
first nine months of 1988. 
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Table 62. Precipitation for ORNL and nearby s;tesa 

January - September 1988 

No. of Pre,igitatiQn ~mm~ 
Active ORNL 

Averageb 
ATDD Departure 

Month ORNL Sites ATDD 

January 11 132.3 138.2 
February 11 73.0 87.1 
March 11 81.6 96.5 
April 11 77.7 86.9 
May 11 56.5 67.3 
June 11 33. 1 13.5 
July 9c 172.9 193.0 
August 9c 54.9 60.7 
September 9c 128.9 143;0 

Total 810.9 886.2 

aORNL data are stored in the ORNL Remedial Action Program 
database; Larry Voorhees. Coordinator. 574-7309. 

bAverage of active ORNL sites for each month; ATDD not 
included. 

cThird quarter values have not yet been reported for 
stations GS3 and GS5 (sites operated by the ij.S. 
Geological Survey). 

from Normal 

+4.8 
-29.7 
-61.2 
-25.1 
-40.1 
-94.7 
+60.7 
-34.5 
+46.5 

-173.3 
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Wind 

The ORNL wind tower network consists of towers A and B, each with sensors 
mounted at 10 and 30 meters, and tower C with sensors mounted at 10. 30, 
and 100 meters. Locations of these towers are shown in Fig. 10. Data from 
the sensors are acquired, stored, edited, and formatted by a data collection 
system consisting of a central processor and remote data logger. One-minute 
vector averages of wind velocity are calculated in the conventional way and 
retained for 24 hours. These velocities are processed into 15-minute averages 
using a procedure that avoids the unrealistically low windspeed values obtained 
when appreciable winds of nearly opposite direction are vector averaged in the 
conventional way. This alternative averaging procedure involves calculating 
the mean (scalar) windspeed and multiplying it by a unit vector having the 
same direction as the conventiona11y calculated vector sum of the individual 
velocities. A similar calculation is used to convert the l5-minute averages 
into hourly averages. The 15-minute averages are retained for one day and the 
hourly averages, from which the wind roses in Figs. 11-17 are obtained, are 
stored for at least one year and eventually archived. 

Examination of quarterly wind roses reveals that the prevailing winds are 
almost equally split into two directions that are 1800 apart: one prevailing 
direction is from the SW to WSW sector and the other prevailing direction is 
from the NE to ENE sector. The winds are strongly aligned along these 
directions because of the channeling effect induced by the ridge and valley 
structure of the area. This channeling effect is least evident at 100 m 
elevation. where the winds are more south-southwesterly. Another feature 
observed from the wind roses is that the wind speeds increase with height 
(tower level) at each of the towers. On the average. the wind speeds can be 
expected to increase steadily from ground level to 100 m. 
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BIOLOGICAL MONITORING 

Mil k 

Raw milk from five locations. including one dairy within a radius of 80 km 
of Oak Ridge. is monitored for 131 1 and total radioactive Sr. Samples 
are collected every two weeks from the stations located near the Oak Ridge 
area (Fig. 18). Three other stations are more remote with respect to the 
Oak Ridge facilities and are usually sampled semiannually (Fig. 19). None 
of the remote stations were sampled during this period. Samples were 
analyzed for 131 1 by gamma spectroscopy and for total radioactive Sr by 
chemical separation and low-level beta counting. The results (Tables 63 
and 64) are compared with intake guidelines specified by the Federal 
Radiation Council (FRC). Maxima and minima for the network summaries in 
these tables are the greatest of the maxima and the smallest of minima, 
over all sites. rather than the averages of those maxima or minima. 

During the last quarter of 1987. the software program on the Nuclear Data 
Analyzer for computing the lower limits of detection for the analysis of 
131 1 in milk was updated. The old system used a value of < 0.08 Bq/L for 
the detection limit while the new one uses < 0.1 Bq/L. This assumes that 
the milk samples are brought into the laboratory in' the afternoon and are 
counted the same night. Because 1311 has such a short half-life (8.04 d), 
it quickly decays and the precision of the result decreases. Therefore, 
detection limits of 0.2 or greater may occur when a sample analysis is 
delayed. Values reported for the quarter were always less than detection 
1 i mi ts. 

Concentrations of total radioactive Sr are shown in Table 64. The average 
concentration of total radioactive Sr at all stations in the immediate Oak 
Ridge area was 0.17 Bq/L. This concentration was not significantly 
different from the average for the second quarter of 1988 (0.19 Bq/L). All 
total radioactive Sr results are within Range I of the FRC guidelines. 

133 
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Table 63. Concentrations of 131I in mi1ka 

July - September 1988 

~~'Of 
Station Samples 

Concentration 
(Bg/L) 

Max Min Av 

Immediate Environsd 

1 7 < 0.10 < 0.060 < 0.094 
2 7 < 0.20 < 0.010 < 0.10 
3 7 < 0.10 < 0.010 < 0.087 
4 7 < 0.20 < 0.010 <0.094 
8 7 < 0.20 < 0.010 < 0.079 

Network 
summary 35 < 0.20 < 0.010 < 0.091 

aRaw milk samples; Station 2 is a dairy. 
b95% cc about the average. 

95%ccD 

0.011 
0.042 
0.026 
0.044 
0.052 

0.016· 

cPercent of applicable FRC standard assuming 1 LId intake: 
Range I. 0-0.37 Bq/L; adequate surveillance required to 
confirm calculated intakes. 

dSee Fig. 18. 

Percent 
of 

guide1ineC 

25 
27 
24 
25 
21 

25 
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Table 64. Concentrations of total radioactive Sr in mi1ka 

Station 

1 
2 
3 
4 
8 

Network 
summary 

No. of 
Samples 

7 
7 
7 
7 
7 

. 35 

July - September 1988 

Concentration 
~Bg/~l 

Max Min Av 

Immediate Environsd 

0.23 0.048 O. 12 
0.23 0.083 0.14 
0.18 0.072 0.13 
0.44 0.11 0.23 
0.27 0.14 0.21 

0.44 0.048 0.17 

aRaw milk samples; Station 2 is a dairy. 
b951 cc about the average. 

951ccD 

0.043 
0.041 
0.030 
0.094 
0.038 

0.028 

cPercent of applicable FRC standard assuming 1 LId intake: 
Range I. 0-0.74 Bq/L; adequate surveillance required to 
confirm calculated intakes. 

dSee Fig. 18. 

Percent 
of 

guide11neC 

16 
19 
17 
31 
29 

22 
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