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During the first quarter of 1989, over 4100 samples, which represent more 
than 9100 analyses and measurements, were collected by the Environmental 
Monitoring and Compliance SectLon. A network of real-time monitoring stations 
that telemeter 10-min averaged readings of radiation levels, total 
precipitation, flows, water quality parameters, and air quality parameters 
around Oak Ridge National Laboratory (ORNL) also reported data. In addition, 
three meteorological towers sent weather data at various heighes to a host 
computer every 15 min. 

The environmental monitoring program at O W L  was reviewed during this quarter 
and revisions are currently being implemented t o  reflect changing 
requirements and historical results. 

Six isotopes, 
isotopes emitted through ORNL stacks during this quarter. Approximately 68% 
of the 3H released came from the Tritium Target Facility. Measured emfssions 
of 'H from thls facility were about half of that measured during the fourth 
quarter of 1988. The Melton Valley Complex emitted virtually all of the 
radioactive iodine at levels that were about the same as that fo r  the 
previous quarter. The highest percentage (50%) of the 212Pb emitted came from 
the central off-gas and scrubber system (Duct 2, 3039 stack) and represents 
an increase of two to three times over that for last quarter. Almost all of 
the 1910s emitted was from the 3025 and 3026 cell ventilation systems. 
Osmium-191 emissions were reduced during this quarter by a factor of more 
than 300 because fewer targets are being processed. Data are not reported for 
noble gas or  lZ5I and I2'I emissions because of problems in data validation 
and analytical interferences. 

Alpha and beta activity, l3I1 concentrations, and 
the ambient air monitoring sfiations. There were no changes from the previous 
quarter. 

l 3 I I ,  1331, 1351, 212Pb, and Ig1Os, were the primary 

3 M were a l l  near zero at 

The highest average concentrations of total radioactive strontium are found 
in First Creek and Melton Branch L ( 7 . 8  and 9 Bq/k, respectively). In all. of 
the stream locations, the ratio of the average total radioactive strontium 
concentration to the derived concentration guide (DCG) fo r  90Sr is Less than 
24%. Solid Waste Storage Area (SWSA) 5 appears to be the primary contributor 
to total radioactive strontium in Melton Branch because there is no 
radioactive strontium found at the Melton Branch station located above SWSA 
5. Radioactive strontium in First Greek may be the result of old waste line 
leaks or previously contaminated soils. 

The highest average 3H concentrations in water (49,000 Bq/L) are found at the 
Melton Branch 1 station. Average concentrations of at th is  location were 
less than 70% of the DCG. Tritium contamination a lso  appears to be coming 
from SWSA 5 .  
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Effluents from the processes at ORNL are sampled €or radioactivity. The 
highest total radioactive strontium concentrations ( 1 3  Rq/L) are found in the 
discharge from the Process Waste Treatment Plant (P TP). This level of 
rad€oactivity is believed to result from the presence of old waste line leaks 
or contaminated soils from around Building 3019. The concentration o f  6 o C o  
was highest (100 Bq/L) in a single discharge from the High Flux Isotope 
Reactor (HFIR) ponds. This concentration is similar to that in other samples 
collected the previous quarter from the pond and represents 54% of the DCG. 
Average 137Cs concentrations were highest (71 Bq/L) in the discharge from the 
PWTP . 
There were a total of 21 noncompliances associated w € t h  the National 
Pollutant Discharge Elimination System (NPDES) permit. Most of these occurred 
in February and were caused by high concentrations of oil and grease and 
suspended solids from parking lot runoff during heavy rains. 

Polychlorinated biphenyls ( P C B s )  were detected in sediments at two o f  the 
nine sampling locations. Concentrations at these locations were consistent 
with 1988 data. The average mercury concentration in surface water was about 
the same as that for the fourth quarter of 1988 (0.26 pg/L vs 0.21 pg/L) .  
During this quarter, the average concentration at station 367th on Fifth 
Creek exceeded the Environmental Protection Agency (EPA) Primary Drinking 
Water Standard. Higher concentrations than last quarter were also observed at 
station 202WOC, 206WOC, 304806, and XOGWOC on White Oak Creek. The average 
mercury concentration in the sediments was highest (560 pg/g) in Fifth Creek; 
this finding is consistent with surface water results. 

Groundwater concentrations of fecal coliform, fluoride, gross alpha, tritium, 
and tatal radioact€ve strontium exceeded drinking water standards in wells 
sampled in Waste Area Group (WAG) 1. In WAG 6, barium, tri.tium, benzene, 
trichloroethene, vinyl chloride, 1,2-dichloroethane, and carbon tetrachloride 
concentrations exceeded drinking water standards i n  some of the wells. 

There were no significant differences In e i ther  the 13'1 or total radioactive 
S r  concentrations in milk from the local or remote locations, Doses 
calculated from drlnking milk from these locations were all less t han  3 pSv, 
wkrkch represents 0.3% of the DOE guideline of 1000 pSv. 
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1. INTRODUCTION 

The Environmental Monitoring and Compliance Section (EMC) within the Environ- 
mental and Health Protection Division (FXP) at the Oak Ridge National 
Laboratory (ORNL) is responsible for the development and imp1ement:ation of an 
environmental program to (1) ensure compliance with all federal, state, and 
Department of Energy (DOE) requirements €or the prevention, control, and 
abatement of environmental pollution; (2) monitor the adequacy of containment 
and effluent controls; and (3) assess impacts of releases from ORNL facilities 
on the environment. 

The current environmental program is designed primarily to meet regulatory 
requirements and the DOE directives and to provide a continuity of  data on 
environmental media at unregulated locations. The major legislation affecting 
the environmental program at the DOE facilities includes the Clean Water Act 
(CWA), the Clean Air Act (CAA), the Resource Conservation and Recovery Act 
(RCRA), and the Superfund Amendments and Reauthorization Act (SARA) .  In 
November o f  1988, DOE finalized Order 5400.1, "General Environmental Protec- 
tion Program," that establishes the requirements, authorities, and respon- 
sibilities for DOE operations for ensuring compliance with applicable federal, 
state, and local environmental protection laws and regulations. This Order 
s e t s  forth the requirements for both radiological and nonradiological 
monitoring. DOE's Draft Order 5400.XX, "Radiation Protection of the Public and 
the Environment," specifies the guidelines for releases of  radionuclides to 
various media. Definitive radiological monitoring requirements have been 
established, and additional guidance on recommended procedures and activities 
is provided in DOE 5400.XY,  "Radiological Effluent Monitoring and 
Environmental Surveillance." 

Environmental monitoring, as defined by D O E ' s  Draft Order 5400.XY, consists of 
two major activities: effluent monitoring and environmental surveillance. 
Effluent monitoring is the collection and analysis of  samples or measurement 
of liquid and gaseous effluents. Environmental surveillance is the collection 
and analysis of samples or direct measurement of air, water, soil, foodstuff, 
biota,, and other media from DOE sites and their environs. 

Although DOE'S Draft Order 5400.XX and 5400.XY have not been finalized, ORNL 
is evaluating the requirements and is revising the environmental program to 
reflect changing requirements. During this quarter, the effluent monitoring 
and environmental surveillance program were reviewed to increase (I) the 
precision of  the measurements and (2) the efficiency of the program. Several 
changes were recommended that will be reflected in subsequent quarters. 
Changes that occurred during this quarter will be described in the a p p r o p r h t e  
section 

Monthly or  quarterly summaries are presented i n  this report f o r  each of the 
media sampled. The summary tables generally give the number of samples 
eallected during the period and the maximum, miniinum, average, and standard 
error of the average (SE)  values of parameters f o r  which determinations were 
made. The average value is based on multiple snmples collected throughout the 
period. The standard error includes the random uncertainty over time and space 
associated with sampling, analysis, and the intrinsic variability of the 



media. The random uncertainty is a statement o f  precision (or imprecision), a 
measure of the reproducibility or scatter in a set of successive measurements, 
and an indication of the stability of the average value f o r  the parameter. 
When differences in the magnitudes of the observations are srnal.l., the SE i s  
small and the precision is said to be high; when the differences are large the 
SE is large, and the precision is low. Average values have been compared where 
possible to applicable guidelines, crttcria, or standards as a means of  
evaluating the impact of effluent releases or environmental concentrations. 

In some of the tables, radionucli.de concentrations are compared with derived 
concentration gutdes ( D C G s )  as published in Draft DOE Order 5400.XX. These 
concentration guides were established for drinking water and inhaled air and 
are guidelines for the protecti-on of the public. Draft: DOE Order 5400,XX 
defines a DCG as the concentration of a radionuclide in air or water f o r  
which, under conditions of continuous exposure by one exposure pathway (i"e., 
drinking water, inhaling air, o r  submersion) f o r  1 year, a "reference man" 
would receive the most restrictive o f  (1) an effective dose equivalent of  
1000 pSv or (2) a dose equivalent of 50 mSv to any tissue, including skin and 
lens of the e e. A "reference man" is a hypothetical human who is assumed to 

there are multiple DCGs  for a given isotope and the chemical state of the 
radiation is unknown, then, the most restrictive value is used for 
comparisons. When the percentage of the DCG is less than 0.01., the percentage 
is reported as <O,Ol. When total radioactive strontium is measured, it is 
cornpared with the 'OSr DCG, which is the most restrictive value. 

inhale 8400 rn Y of air in a year and to drink 7 3 0  L of water in a year. When 

Radioactivity measurements are reported as the net activity, or the difference 
between the gross activity and background activity. Because of the intrinsic 
uncertainties associaced with making radiation measurements, it is possible to 
subtract a background value from a sample resu1.t and get a negative number. 
Radiation measurements are reported i n  becquerel units ( B q ) ,  a System 
Internationale (SI) unit equivalent to 1 disintegration per second. 

Chemical (noriradionuclide) results that are below the analytical detection 
limit are expressed as "less than" (<) values. In computing the average 
values, "less than" results are assigned the detection limit. The average 
value is expressed as less than the computed value when at least one of the 
results used for the average is less then the detection limit. 

2 



2 .  AIR 

Airborne emissions from Department of Energy (DOE) facilities are regulated 
under the provisions of the Clean Air Act (CAA), DOE Orders, and the Tennessee 
Air Quality Control Act (AQCA). The U.S. Environmental Protection Agency (EPA) 
has the authority and responsibility for enforcing the regulations associated 
with the CAA and has delegated this authority to the state of Tennessee for 
nonradioactive air pollutants. Regulatory criteria for CAA are promulgated In 
40 CFR 6 1 ,  the National Emission Standards f o r  Hazardous Air h'ollutants 
(NESHAPS). The DOE Orders are enforced aC the local level by the Environmental 
and Health Protection (EHP) Division. The Orders that address air emissions 
ace 5400.1, 5400.XX (draft), and 5400.XU (draft). 

The Oak Ridge National Laboratory (OWL) has monitoring requirements for 
radioactive emissions only. These are NESHAPS standards based on calculated 
dose ( 2 5  mrem whole-body, 7 5  mrem critical-organ) to off-site individuals. 
Additionally, the DOE Orders require that the collectrive dose be calculated 
for the population within 80 km of the site. 

The monitoring and surveillance of airborne emissions at ORNL is a two-tiered 
program. The first tier consists of  source-term-emissions sampling and 
quantification for each of the stacks at the facility that is an emission 
point for processes involving radioactive materials. These data are used for 
calculating the annual dose associated with operations at the facility. The 
second tier consists of ambient-air sampling systems located within the 
boundary of the facility, on the reservation perimeter, and at remote 
locations assumed to be unaffected by facility operations. These data are used 
to measure directly the impact of ORNL on the surrounding area and provide 
empirical data for assessing the inhalation pathways of exposure. 

2.1 AIRBORNE EMISSIONS 

Airborne emissions are monitored at OWL f o r  the purpose of complying with the 
CAA of 1970 and the 'Tennessee AQCA. The major gaseous emission point sources 
for the Laboratory consist of eight stacks. They are as follows: 

Bu i 1 ding Description 

2026 
3020 
3039 

7025 
7830 
7911 

7512 
6010 

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 and 

Molten Salt Reactor Facility 
Electron Linear Accelerator Facility 

the Radiochemical Development Engineering Center) 
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The locations of the stacks are shown in Fig. 1. Each of these point sources 
is provided with a variety of surveillance instrumentation, including radia- 
tion alarms, near real-time monitors, and continuous sample col1ect:ors. Only 
data resulting from the analysis of the conti-nuous 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 s tacks  except for the Electron L i n e a r  Accelerator 
Facility (Building 6010) and the Hydrofracture Facility (Building 7830). 
Continuous sampling equipment is not currently installed at Building 6010. A 
stack improvement: project is scheduled for 1989 that will. provide continuous 
samplers at this stack. The sampling system at Building 7830 is currently 
being upgraded in preparation for the In-Tank Evaporati-on Project. 

The sampling systems generally consist 01 in-stack sampling probes, sample 
transport piping, a 47-mm-diameter particulate filter, a 47-mm-diameter by 
25-mm-thick activated-charcoal canister, a silica-gel tritium trap, flow 
measurement 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. Gross alpha and gross 
beta measurements are made 8 days after the samples are collected to reduce 
tAc? contribution of short-lived natural radi-onuclides to the measurement. The 
silica-gel samp1.e~ are analyzed for tritium. The charcoal canisters are 
analyzed by gamma spectroscopy. Because of the prevalence of  iodine isotopes 
i.n the point-source emissions, values are reported for l3II and 1331 each 
week. Data f o r  other gamma-emitting isotopes are opportunistically captured. 
If an isotope is present at a concentration above the analytical i-nstrument 
background, the value is reported. Consequently, 1 3  data values are typically 
associated with gross alpha, gross beta, tritium, I3'I, and 1331 measurements. 
This is 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 a11 of the sampling events. 

The four exceptZions to the 13-sample "quota" f o r  the first quarter are: 

1. The Radioactive Materials Analytical Laboratory has a total. o f  12 
samples because a set was not collected during the week o f  1/2/89. 

2. The Radioactive Processing Plant has 11 particidate samples and 12 
charcoal samples because samples were not collected during the week 
of 12/26/88, and the particulate sample collected on 1/28/89 was not 
delivered to the analytical laboratory within the 8-day hold time. 

3 .  The Molten Salt Reactor Facility also has 12 particulate samples 
because samples were delivered after the hold time had expired. 

4 .  The Melton Valley Complex has 14 samples because an additional set 
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was collected during the week o f  2/20/88 in response t;o high readings 
on the real-time monitoring syst:em. 

The current convention for data at the instrument detection limit is to treat 
it the same 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 thi.s manner may be reduced 
with sumuiary statistics without incurring the difficulties of  performing 
calculations on "less than" values ~ 

Tables 1 through 9 present summaries of the weekly emissions data. Included 
are the number of samples in which a particular analyte w a s  measured, the 
maximum and minimum values for the quart:er, and the average. If an analyte has 
two or more values, then the standard error is also provided. Tables 10 
through 18 present the emission totals by month and for the quarter by stack 
and analyte. 

All data are rounded to two significant digits and are presented as 1E6 B q .  
Negative sample values are treated as ZeKOS for the purpose o f  computing 
emissions. On upgraded systems where sample flow totalizers have been 
installed, weekly sample data are multiplied by a conversion factor that is 
the ratio of the stack or duct discharge for the sampling period divided by 
the total sample flow for the sample period. For the older sampling systems, 
the conversion factor consists of  the average stack discharge rate divided by 
the average sampling rate. 

The airborne emissions for the Laboratory consfst primarily of 3.t.I, 13'1, 133T., 
1351, 212Pb, and 1910s. Tritium came rn-ostly from the Tritium Target 
Fabrication Facility (56%, 1.3El2 B q )  and the 1sot;ope Solid State Ventilation 
System ( 4 0 % ,  9.3Ell B q ) .  A discrepancy has been identified bet:ween the tritium 
releases from the 3039 area as determined by sample results and tritium 
releases based on inventory loss  calculations. The sample results appear to 
grossly underestimate the emissions. Sources of  this error are being 
investigated. 

The Melton Valley Corn l ex  emitted virtually all of  the total 1-311 
1331 ( 2 . 5 E 8  B q ) ,  and 'jS1 (1.7E8 B q )  . Ninety six percent of the 21'Pb came 
from five locations: Central. Off-gas and Scrubber System ( 5 0 % ,  4 . 4 E 8  B q ) ;  
Radioactive Materials Analytzical Laboratory (18%, 1 . 6 E 8  B q ) ;  Mel.toxi Valley 
Complex (158, 1.. 3E8 B q )  ; Radioacti.ve Processing Plant ( 8 % ,  6.8E7 B q )  ; and 3500 
and 4500 area cell ventilation systems (5%, 4.6E7 B q ) .  The 3025 and 3026 cell 
ventilation systems released over 99.9% o f  the ' "0s  (3 .OE8 B q )  . 

2.OE8 B q ) ,  

Iodine-131 may be present as a fission product and as an artifact o f  the 
method used for testin high-efficiency particulate air (HEPA) filters, 
Typically 30 mCi of  1381 is released upstream o f  the Kilter being tested. The 
amount of I3l1 that passes the filter is quantified and that value i s  used to 
calculate the filter efficiency. 



Table 1. Summary of weekly emissions at the Radioactive Materials 
Analytical Laboratory, Building 2026a, January-March 1989 

Total 
( l o 6  Bq/week) 

Standard 
b 

Number of 
Analysis samples Max Min Av er ror  

137cs 4 0.084 0.820 0.051 0.015 

Gross alpha 12 0.20 0.0067 0.047 0.015 

Gross beta 12 0.42 0.018 0.12. 0.038 

1311 12 0.062 0 0.0057 0.0051 

0.0013 0.00092 1331 10 0.0095 0 

1351 10 0.037 0 0.0077 0.0038 

2'h2Pb 10 25 5.5 16 2 . 8  

aSee Fig. 1. 
bStandard error of the average of more than two samples. 

a 



Table 2 .  Summary of weekly emissions at the Radioactive Processing 
Plant ventilation s tack,  Building 3020a, January-March 1989  

Number of Standard 
h Analysis samples Max Hi n Av error 

1 3 7 c s  1 0.012 0.012 0.012 

Gross alpha 11 0.0043 0.0000 0.0018 0.00051 

Gross beta 11 0.027 0.0013 0.0075 0.0022 

1311 12 0.048 0 0.0055 0.0039 

1 3 3 1  10 0.0089 0 0.0019 0.00085 

1 3 5 1  1 0.014 0.014 0.014 

212pb 3 57 2 . 1  23 17  

aSee Fig. 1. 
bStandard error of the average of L U Q T - ~  than two samples. 
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Table 3. Summary of weekly emissions at the 3500 and 4500 area cell 
ventilation systems, Building 3039, Duct la, January-March 1989 

Total 
( LO6 Bq/week) 

Number of Standard 
b Analysis samples Max Min AV error 

Gross alpha 

Gross beta 

31-I 

1311 

1331 

1351 

212Pb 

6 

13 

1 3  

13 

13 

13 

13 

13 

1.4 

0.10 

12 

2300 

0.011 

0.0044 

0.017 

5.2  

0.022 

0 

0.0096 

2.0 

0 

0 

0 

2.3 

0.30 

0.011 

1 . 3  

380 

0.0017 

0.OOll 

0.0036 

3 . 5  

0.22 

0.0075 

0.93 

190 

0.00089 

0.00037 

0.0015 

0.21 

'%ee Fig. 1. 
bStandard error of the average of more than two samples. 
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Table 4. Summary of weekly emissions at the central off-gas and 
scrubber system Building 3039, Duct 2=, January-March 1989 

Total 
(10' Bq/week) 

Number of Standard 
b Analysis s amp 1 e s Max Nin Av @KKOr 

_I 

6OCO 1 0.012 0.012 0.012 

137cs 2 0.11 0.066 0.086 0.020 

Gross alpha 13 0.0022 0.0000 0.0004 0.00018 

Gross beta 13 0.17 0.0041 0.038 0.015 

3H 13 1700 0.67 430 150 

0 0.0013 0.00045 13 0.0046 1311 

1331 13 0.0042 0 0.0013 0.00039 

1351 13 0.022 0 0.0044 0.0016 

1910, 2 0.32 0.1.8 0 . 2 5  0 = 069 

212Pb 13 57 6.3 34 3.8 

%ee Fig. 1. 
bStandard error of the average of more than two samples, 
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Table 5. Summary of weekly emissions at the Isotope-Solid State 
ventilation system, Building 3039, Duct 3 a ,  January-March 1989 

To tal 
( l o 6  Bq/week) 

Number of Standard 
b Anal ys is samples Max Min Av error 

8% 

6Oco 

Gross alpha 

10 0.77 

10 0.13 

13 0.0034 

13 0.018 

13 320,000 

13 0.21 

13 0.0039 

13 0.043 

1 0.036 

0.033 

0.017 

0.0000 

0.0034 

48 

0 

0 

0 

0.036 

0.16 

0.046 

0.0015 

0.012 

72,000 

0.063 

0.0013 

0.0039 

0.036 

0 .069  

0.011 

0.00028 

0,00097 

32,000 

0.020 

0.00039 

0.0033 

212Pb 13 3.9 1 . 5  2.3 0.20 

0.011 7 5 ~ e  13 0.16 0.042 0.081 

"See Fig. 1. 
bStandard error of the average of more than two samples. 
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Table 6 .  Sununary of weekly emissions at the 3025 and 3026 area c e l l  
ventilation system, Building 3039, Duct 4a, January-March 1989 

Total 
( l o 6  Bq/week) 

Number of Standard 
b Analysis samples Max Min A v  error 

Gross alpha 13 0.0029 0 0.0009 0.00026 

Gross beta 13 3.0 0.052 0.69 0 . 2 4  

3H 13 35,000 260 7,900 3,000 

1311 13 0.0061 0 0.00121 0.00058 

1331 13 0.0077 0 0.0010 0.00060 

13 0.019 0 0,0053 0.0020 1351 

191Qs 13 120 0.15 23 11 

*I2Pb 9 0.098 0.033 0.055 0.0069 

“See Fig. 1. 
bStandard error of the average of more than two samples 
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Table 7. Summary of weekly emisions at the Tritium Target 
Fabrication Facility, Building 7025a, January-March 1989 

Total 
(106 Bq/week) 

Number of Standard 
b Analysis samples Max Min Av error  

3 H  13 420,000 33,000 100,000 31,000 

"See Fig. 1. 
*Standard error of the average of more than two samples. 
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Table 8. Summary of weekly emissions at the Melton Valley Complex, 
Building 7911a, January-March 1989 

Total 
( lo6 Bq/.*reek) 

Number of S t andar d 
b Analysis samples Max Min Av error 

Gross alpha 14 

14 

13 

14 

5 

14 

4 

14 

13 

1 

0.0016 

0.22 

270 

65  

5.6  

100 

1.7 

47 

15 

8.3 

0.0000 

0.0083 

0 

0.66 

0.98 

2.7 

0 . 2 4  

0.027 

5.7 

8.3 

0.0007 

0.043 

25 

14 

2.8 

18 

0.94 

12 

9 . 6  

8.3 

0 ~ 00011 

0.014 

21 

4.4  

0.89 

6.7 

0.37 

3.2 

0.82  

%ee F i g .  1. 
bStandard error of the average of more than two samples. 



Table 9 .  Summary of weekly emissions at the Molten Salt Reactor 
Facility, Building 7512a, January-March 1989 

Total  
(10' Bq/week) 

Number of 
Analysis samples Max Min Av 

Standard 
error b 

Gross alpha 1 2  0.010 0 0.0011 0,00081 

Gross beta 12 0.0083 0.0001 0 0015 0.00064 

13 0.0020 0 0.8006 0.00022 1311 

1331 11 0.0022 0 0.0007 0.00022 

1351 2 0.018 0.0026 0.010 0.0078 

212Pb 1 0.18 0.18 0.18 

aSee Fig. 1. 
bStandard error of the  average of more than two samples. 
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Table 10 ,  Monthly a i rborne  emissions at the Radioactive Materia1.s 
Analy t ica l  Laboratory, Building 2026a, January-March 1989 

Emissions per  month 
(IO6 B q )  

Analys i s  January February March 

137cs 0 0.10 0.10 0.20 

Gross alpha 0.33 0.14 0.10 0.5'7 

Gross b e t a  0 .75  0.29 0 .43  1 . 5  

1311 0.0017 0 .064  0 .0024 0.068 

1331 0 0.012 0.0016 0.013 

1351 0.057 0.0011 0 ,020  0.077 

'12Pb 49 59 51 160 

aSee Fig.  1. 
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Table 11. Monthly airborne emissions at the Radiochemical Process 
Plant ventilation stack, Building 3020a, January-March 1989 

Emissions per month 
(lo6 Bq) 

Total 
Analysis January February March ( lo6  B q )  

137cs 0 0 0.012 0.012 

Gross alpha 0.0052 0.0091 0 * 0050 0.019 

Gross beta 0.041 0.032 0.0093 0.082 

13x1 0,057 0 .0061 0.0025 0.066 

1 3 3 1  0.0011 0 * 012 0.0059 0.019 

1351 0 0.014 0 0.014 

212Pb 8 . 9  2.1 57 68 

asee Fig. 1. 
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Table 12. Monthly airborne emissions at the 3500 and 4500 area cell vent;il.ation 
systems, Building 3039, Duct la, January-March 1989 

Emissions per month 
( I O 6  B q )  

Analysis 
Total 

January February March ( I O 6  Bq) 

Gross alpha 

Gross beta 

3H 

1311 

1331 

1351 

212Pb 

0.13 

0.11 

14 

4 1  

0.0038 

0.0053 

0 .019  

19 

1.7 

0.0053 

0.28 

2700 

0.013 

0.0051 

0.0053 

14 

0.022 

0.030 

2.8 

2’1.00 

0.0049 

0.0038 

0.023 

12 

1.8 

0.15 

17 

4900 

0 .022  

0.014 

0 .047 

46 

aSee Fig. 1 
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Table 13.  Monthly airborne emissions at t h e  central off-gas and 
scrubber system, Building 3039, Duct 2a, January-March 1989 

Emissions per month 
( I O 6  Bq) 

- 
To tal 

Analysis January February March (10' Bq)  

6060 0.012 0 0 0.012 

137cs 0.066 0.11 0 0.17 

Gross alpha 0.00068 0.0024 0.0031 0.0062 

Gross b e t a  0 . 2 8  0.17 0.046 0.49 

3H 1 6  1500 4000 5500 

1311 0.012 0.0035 0.0012 0 .016  

1331 0.0072 0.0042 0.0058 0.017 

1351 0.016 0.032 0.0098 0.058 

1 9  10s 0 0 0.50 0.50 

212Pb 190 150 100 440 

aSee Fig. 1. 
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Table 14. Monthly airborne emissions at the Isotope-Solid State ventilation 
system, Building 3039, Duct 3 a ,  January-March 1989 

Analysis 

Emissions per month 
( I O 6  B¶> 

T o t a l  
January February March ( I O 6  a¶)  

82Br 

6OCO 

Gross alpha 

Gross beta 

3H 

1311 

1331 

1351 

1410s 

212Pb 

75% 

0.34 

0.14 

0.0075 

0 . 0 5 3  

10,000 

0.52 

0.0078 

0.0038 

0.036 

1 2  

0.44 

0.26 0 . 9 9  

0.049 0.27 

0.0039 0 . 0 0 8 5  

0,048 0.057 

380,000 540,000 

0 .30  0.0064 

0.0028 0.0067 

0.046 0 

0 0 

10 8.2 

0 . 3 5  0 . 2 6  

1 . 6  

0.46 

0.020 

0.16 

930 I 000 

0 . 8 2  

0.017 

0 .050  

0.036 

30 

1.1 
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Table 15. Monthly airborne emissions at the 3025 and 3026 area cell ventilation 
systems, Building 3039, Duet 4 a ,  January-March 1989 

Emissions per month 
( IO6  B q )  

Analysis 

__ 
Total 

J anuar y February March (IO6 W) 

Gross alpha 

Gross beta 

3H 

1311 

1331  

1351 

1910, 

212Pb 

0.0071 

2 . 8  

2,100 

0.012 

0.012 

0.045 

290 

0.24 

0.0011 0.0044 

1.9 4 . 3  

34,000 67,000 

0.0030 0.00028 

0.00057 0.00056 

0.018 0.0055 

8 .2  0.87 

0.20 0.15 

0.013 

8.9 

100 9 000 

0.015 

0.013 

0.069 

300 

0.59 

%ee Fig. 1. 
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Table 16. Monthly airborne emissions at the Tritium Target 
Fabrication Facility, Building 7025a, January-March 1989 

Emissions per nonth 
(IO6 3q) 

Analysis January February March 

3H 860,000 190,000 290,000 1,300,000 

%ee Fig. 1. 
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Table 1 7 .  Monthly airborne emissions a t  the Melton Valley Complex, 
Building 7911a, January-March 1989 

Anal ys i s  

Emissions per month 
( I O 6  B q )  

~ _ I  

T o t a l  
January February March ( l o 6  Bq) 

Gross alpha 

Gross b e t a  

3H 

1311 

1321 

1331 

1341 

1351 

212Pb 

2 2 8 m  

0.0025 

0.32 

13 

46 

0 

49 

0 

33 

46 

0 

0.0041 

0.15 

6.1 

26 

3.0  

38 

0.39 

42 

46 

8.3  

0.0031 

0.13 

300 

130 

11 

160 

3 . 4  

99 

33 

0 

0.0097 

0.60 

320 

200 

14 

250 

3 . 8  

170 

130 

8 .3  

%ee Fig.  1. 
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Table 18.  Monthly airborne ernisslons a t  the  Molten S a l t  
Reactor F a c i l i t y ,  Building 7S12a, January-March 1989 

Emissions per month 
(lo6 B q )  

Analysis 
T o t a l  

January February March (lo6 Bq) 

Gross  alpha 0.0014 0.010 0.0011 0.013 

Gross beta 0.0040 0.010 0.6035 0,018 

1311 0.0019 0.0040 0.0020 0.0079 

1331 0.0041 0.0019 0.0019 0.0079 

13.51 0 0.018 0.0026 0.021 

212Pb  0 0 0.18 0.18 
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Data are not presented in this report for noble gas or 1251 and 1291 
emissions. A program is being developed to validate the noble gas data, and 
analytical methods are being investigated that will address spectral 
interferences associated with the detection and quantitation of the iodines. 
It is hoped that this data will be available for the next quarterly report 
(second quarter, 1989). 

2.2 AMBIENT AIR 

Most gaseous wastes from ORNL are released to the atmosphere through stacks. 
Radioactivity may be present in gaseous waste streams as a solid (particu- 
lates), as an absorbable gas (iodine), or as a nonabsorbable species (noble 
gas). Gaseous wastes that may contain radioactivity are passed through two 
sets of HEPA filters and an activated charcoal filter 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 OKNL, the Oak Ridge Reservation, 
and the surrounding vicinity. Locations of these stations are shown in Figs. 2 
through 4 .  These air monitoring stations are categorized into three groups 
according to their geographical locations: 

1. 

2 .  

3 .  

The ORNL perimeter air monitoring (PAM) network 
consists of  stations 3 ,  4 ,  7, 9, 20, 21, and 22. These 
stations are located at or near the OWL boundary (shown in 
Fig. 2). 

The DOE Oak Ridge Reservation (reservation PAMs) network 
consists of stations 8, 23, 31, 3 3 ,  34 ,  36, and 40-46 (Fig. 3 ) .  
Stations 8 and 3 1  through 4 5  have the capability to perform 
both sampling and continuous monitoring. Station 4 6  is 
currently being redeveloped to collect real-time data. 

The remote air monitoring (RBM) network consists o f  stations 
5 1 - 5 3  and 5 5 - 5 8 .  All of these stations are located within a 
120-km radius of ORNL outside the DOE Oak Ridge Reservation 
(Fig. 4 ) .  

Several of the ORNL and reservation PAM stations have real-time monitors for 
five radiation parameters (gross alpha, gross beta, iodine, gross gamma, and 
noble gas) and are also equipped with three process sensors that are used to 
calculate the volume of the sample collected. A central processor collects 10-  
min 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 concentrations in the atmosphere. 

Airborne radioactive particulates are collected by pumping a continuous f low 
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 
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Fig. 2. Location map of OWL perimeter 
air monitoring stations. 

Fig. 3. Location map of Oak Ridge Reservation 
air monitoring stations. 
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beta activities. To minimize artifacts from short-lived radionuclides the 
filter papers are analyzed 3 to 4 d after collection. The airborne 13i1 is 
collected weekly using a cartridge that is packed with activated charcoal. The 
charcoal cartridges are analyzed within 24 h after collection. The initial and 
final dates, time on and off, and flow rates are recorded when a sample is 
mounted or removed. The total volume of air Ltiat flowed through the sampler at 
each station is calculated using this information. The flow rates are set 
between 2 . 0  and 3.0 ft3/rnin t o  minimize artifacts from extremely high or low 
flow rates. The concentration of radionuclides in air is calculated by 
dividing the total activity per sample by the total volume o f  air. After a 
review of program needs and historical data, filter papers and charcoal 
cartridges were collected biweekly (rather than weekly) at stations 3 through 
46 as of February 1989. To increase the precision of  the measurements and 
because the isotopes are all long-lived, composite air filters will be 
prepared annually, rather than quarterly, for analysis of specific isotopes. 

Concentrations of  gross alpha, gross beta, and atmospheric I3'I are summarized 
in Tables 19-21. Instrument background concentrations of l3II ,  g ross  alpha, 
and gross beta have been subtracted from the measured concentrations. Negative 
values represent concentrations below the instrument background level. Plow 
data at the remote stations have been unrealiable and highly variable this 
quarter. Stations 52 and 55 had only 3 valid flow values. Stations 51 and 58 
were completely dropped from the gross alpha and gross beta tables because 
they had no valid flow values. 

Alpha activity this quarter was indistinguishable from background. Average 
beta activity was unchanged from the preceding quarter. Values for the ORNL 
stations and for reservation stations were similar to values f o r  the remote 
stat ions. 

Iodine-131 concentrations (Table 21) were unchanged from the previous quarter, 
all values reported being less than 0.01% of the derived concentration 
guideline for that isotope. 

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 is heated 
in a distillation flask to remove the moistxre, and the distillate is 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 22. Station 3 has the higher values, as usual. 

2 . 3  EXTERNAL GAMMA RADIATION 

External gamma radiation measurements are made to determine if routine 
radioactive effluents from OWL are increasing external gaiiiiua radiation levels 
significantly above normal background. 
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Table 19. Long-lived gross alpha activity in air, January-March 1989 

Concentration 
(lo-’ Bq/L) 

- 
Number of Standard 

Location samples Max Plin Av error 

3 
4 
7 
9 
20 
21 
22 

6 .3  -2 .7  
4.3 -4.1 
5 . 1  -5.6 
4.1 -5.9 
4.0 -5.1 
7.9 - 5 . 1  
7.9 -6 .O 

1.4 
0 3.7 

- 0 . 8 3  
-3.0 
-1.2 
-0.18 
-0.94 

1.1 
1.1 
1.6 
1.8 
1.5 
1.6 
1.6 

Network 
summary 52 7.9 -6.0 -0.53 0.56  

Reservation PAM Stationsb 

8 
23 
31 
33 
34 
36 
40 
41 
42 
43 
44 
45 
46 

6 
7 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
6 

9.2 
8.6 
7.8 
7.6 
4 . 9  
4.2 
5.1 
6.7 
3.5 
6 . 2  
6.6 
8.2 
6 . 6  

-7.3 
-6.2 
-5.1 
-4 .0  
-5.5 
-6.1 
-5 .6  
-4.1 
- 5 . 7  
-5.6 
-4.7 
-3.6 
- 4 . 2  

-2.1 
-0 .36  
“ 0 . 9 4  
-0.11 
-0 .72  
- 1 . 7  

-0.55 
-1.9 
-0.68 
-0.95 

0.013 

0 . 5 8  
-0.51 

2.4 
1.9 
1.5 
1.3 
1.3 
1.4 
1.2 
1.3 
1.3 
1.3 
1.3 
1.3 
1.9 

Network 
summary 109 9.2 -7.3 - 0 . 7 4  0.38 

RAM StationsC 

52 
53 

3 
8 

5.3 
3.0 

2.0 
1.6 

8.7 1.9 
11 -5.3 
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Table 19. (continued) 

Concentration 
(10-8 Bq/L) 

__I_ 

Number of Standard 
Locat ion samples Max M i f n  Av error 

55 3 1 . 7  - 5 . 7  -2.3 2 . 2  
56  12 8.0 - 5 . 9  -1.0 1 . 4  
57 13 10 -3.3 3.1 1.1 

Network 
summary 39 11 -5.9 1.5 0.75 

Overall 
summary 200 11 -7.3 - 0 . 2 4  0 . 3 0  

aSee Fig .  2. 
bSee Fig. 3. 
CSee Fig. 4 .  
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Table 20. Long-lived gross beta activity in air, January-March 1989 

Concentration 
(lo'* Bq/L) 

Number of Standard 
Location samples Max Min AV error 

3 
4 
7 
9 
20 
21 
22 

Network 
summary 

8 
23  
31 
33 
34 
36 
40 
41 
42 
43 
44 
45 
4 6  

Network 
summary 

52 
5 3  

52 

6 
7 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
6 

109 

3 
8 

ORNL PAH S t a t i o n s a  

140 7 2  99 
130 54 9 2  
120 63 88 
110 49 71 
170 67 110 
130 71 98 
130 68 96 

170 49 94 

R e s e r v a t i o n  PAM S t a t i o n s b  

160 
110 
120 
110 
130 
140 
110 
110 
110 
120 
100 
120 
110 

82 
63 
69 
50 
39 
36 
3 4  
44 
45 
56 
35 
3 3  
68 

130 
91 
94 
80 
83 
87 
70 
79 
76 
81 
71 
87 
89 

160 33 85 

R.N! S t a t i o n s "  

130 110 120 
160 7 8  120 

10 
8.7 
6 . 6  
11 
14 
7.5 
8.0 

3.5 

11 
7 . 3  
6.6 
7.5 
9.9 

8.9 
6.8 
7.4 
7.6 
7.1 
9.5 
6.9 

11 

2.5 

5.1 
10 
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Table 20 (continued) 
................ _- .............. 

Concentration 
(10-8 Bq/L) 

Number of Standard 
Lo ca t ion samples Max MIX1 Av error 

5 5  3 61 34 50 8.0 
56 12 130 9.9 86 9.4 
57 13 160 70 120 8 . 9  

Network 
summary 39 160 9 . 8  100 5.7 

0veral.l. 
summary 200 170 9.9 91 2.1 

.................... ....... 

aSee Fig. 2. 
bSee Fig. 3. 
CSee Fig. 4 .  
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Table 21. l3'I concentrations in air, January-March 1989 

Concentration 
(10-8 Bg/L) 

-- 
Number of Standard Percentage 

Loea t ion samples Max Min A v  error DCGa 

3 
4 
7 
9 

20 
21  
22 

Network 
summary 

8 
23 
3 1  
3 3  
34 
36 
40 
41 
42 
43 
44 
4. S 
46 

Network 
summary 

Overall 
summary 

7 7 . 3  - 27 -0.65 4 .6  e0.01 
9 I1 - 2 . 2  2 . 1  1 . 4  xO.81 
8 5 . 0  - 2 . 2  0 . 8 5  0 .96  x0.01 
5 10 - 8 . 8  -0.083 3.1 <0.01 
6 22 -4 .1  4 . 5  4 . 2  co.01 
8 2 4  - 2 . 1  6 . 8  3 . 2  <0.01 
9 4.6 - 5 . 4  0 . 4 8  1 . 2  <0.01 

52 

6 
7 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
6 

109 

161 

2 4  - 2 7  2 . 1  

Reservation PAM StationsC 

8 . 5  

5 . 0  
4 .8 
4 . 8  
7 . 5  
5 . 7  
4 .8  
7 . 8  
7 . 7  
3 . 9  

7 . 5  

12 

1 6  

2.4 
0 

- 5 . 0  
-4 .0  
- 3 . 8  
- 2 . 0  
- 2 . 1  
-6 .0  
-4 .0  
- 5 , 3  
- 2 . 9  
- 2 . 1  
-2.1 

5 . 1  
6 . 1  
0.77 
1 . 0  
1 . 2  
2.6 
2 . 6  

-0 ,50  
1 . 4  
1 . 2  
0 . 2 3  
3 . 3  
1 . 6  

16 - 6 . 0  1 . 9  

24 - 2 7  1 . 9  

1 . 0  <0.01 

0 .98  <0.01 
1 . 6  <0.01 
1.1 <0.01 
l . 0  <0.01 
0 . 9 3  4.01 
0 . 9 8  <0.01 
0 . 8 4  c0.01 
1 . 0  c0.01 
l . 2  <0.01 
1 . 4  <0.01 
0 . 8 3  cO.01 
2 . 9  co.01 
1 . 4  co.01 

0 . 3 5  <0.01 

0 . 4 1  <0.01 

dI?ercenta e DCG = average value x 100/derived concentration guide (DCG) 

b ~ e e  Fig. 2 .  
=See Fig. 3 .  

"The DcG f o r  191.1 i s  1 . 5  x 10-2 Bq/L. 
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Table 22. Tritium activity in air, January-March 1989 

Concentration 
( 1 0 - 4  Bq/L) 

......-.._.._... ~ . . .... .. 

Number o f  Standard Percentage 
Lo ca t iona samples Max Min Av error DCGb 

3 3 8 . 3  1 . 6  4 . 2  2 . 1  0 . 0 1 1  

8 3 0 . 6 1  0 . 4 4  ' 0 . 5 0  0 .055  0 . 0 0 1 3  

Overall 
summary 6 8 . 3  0 . 4 4  2,4 1 . 3  0.0064 

%ee Figs. 2 and 3 .  
bPercentage DCG = average x 100/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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Average gamma rad ia t ion  measurements a re  recorded a t  10-minute in t e rva l s  a t  
BRNL and PAM s t a t i o n s ,  except s t a t ions  9 ,  2 1  through 2 3 ,  and 46 (Figs. 2 
and 3 ) .  PAM 20,  which i s  ordinar i ly  monitored, w a s  not operating f o r  the f i r s t  
portion of 1989, therefore no data  were reported f r o m  the s t a t i o n .  From these 
data ,  hourly averages a re  computed. Table 23 summarizes the va l id  hourly 
measurements f o r  the f i r s t  quarter  of 1989 .  Typical values fo r  c i t i e s  i n  the 
United S ta tes  a re  usually between 1 . 3  and 5 . 2  nC/kg/h (10 nGy/h and 200 nGy/h, 
respec t ive ly) ,  according t o  the recent issues of EPA Environmental Radiation 
Data. The median value f o r  c i t i e s  i n  the contiguous United S ta tes  f o r  a l l  four 
quarters  o f  1987  was 2 . 4  nC/kg/h ( 9 3  nGy/h), 75% o f  the values being between 
1 . 9  and 3 . 9  nC/kg/h ( the  d i s t r ibu t ion  is pos i t ive ly  skewed). A 1 1  of the values 
given i n  Table 23 a re  c lose t o  the range o f  background values as given above, 
except fo r  PAM 4 (30 nC/kg/h), which is located very close to the  Process 
Waste Treatment Plant and treatment ponds. Values f o r  s t a t i o n  4 a re  more than 
ten times the typ ica l  background values,  which is  t o  be expected considering 
the locat ion o f  t ha t  pa r t i cu la r  monitor. 
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Table 23. External garnma radiation measurements at ORNL 
and reservation perimeter air monitoring 

stations, January-March 1989 

Number of 
Loc at i on s amp 1 e sa Max Min 

Standard 
b Av error 

ORNL P M  StationsC 

03 2,154 2.2 1.6 1.8 0,0019 
04 482 30 20 26 0.078 
07 2,002 2.9 1.4 2 . 2  0.0056 

Network 
summary 

08 
3 1  
33 
34 
36 
40 
41 
42 
43 
44 
45 

4,638 

105 
1,695 
896 
831 

2,158 
1, oai 
2,158 
1,217 
1,932 
1,907 
151 

30 1.4 

d Reservation PAM Stati-ons 

2.2 
2.7 
3.0 
2.8 
2.3 
2.5 

2 . 3  
2 " 4  
2 . 3  
2.2 

1.8 

1.7 
1.9 
1.7 
1 . 9  
1 . '7 
1.7 
1.5 
1.5 
1.6 
1.4 
1.7 

4.4  

1.8 
2.0 
2.0 
2.2 
1.8 
2.0 
1. . 6 
1.8 
1.7 
1 . 7  
1.8 

0 , 1.1. 

0.0095 
0.0020 
0.0045 
0.0050 
0.0018 
0.0035 
0.0010 
0.0030 
0.0023 
0.0029 
0.0058 

Network 
suiniiiary 14,131 3.0 1. " 4 1.8 0.0017 

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

'Standard deviation o f  the mean. 
CSee Fig. 2, 
dSee Fig. 3 .  
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3 .  WATER 

Surface drainage from the Oak Ridge National Laboratory (ORNL) site flows into 
two main streams, White Oak Creek (WOC) and Melton Branch. With the exception 
of two small discharges from the 7600 area into Melton Hill Lake, all O W L  
effluents also discharge to these two streams or their tributaries. WOC flows 
through Bethel Valley, where it is joined by Fifth Creek, First Creek, and the 
Northwest Tributary (Fig. 5). WOC continues through a gap in Chestnut Ridge 
into Melton Valley, where it is joined by Melton Branch, which drains Melton 
Valley. Water quality in these streams is affected primarily by wastewater 
discharges and by groundwater transport of contaminants from land disposal of 
wastes. WOC empties into White Oak Lake (WOL), which is controlled by White 
Oak Dam (WOD), and is the last sampling point before effluents leave the OWL 
site. The majority of the drainage or liquid effluent from OPSL flows into the 
Clinch River by way of WOC. The Clinch River flows southwest from Virginia to 
its mouth near Kingston, Tennessee, where it joins with the Tennessee River. 
Process effluents are handled in a number of ways, including treatment 
[Process Waste Treatment Plant (PWTP), Coal Yard Runoff] and holding basins 
1190 ponds, High Flux Isotope Reactor/Transuranium Processing Plant (XIFIR/TRU) 
ponds], before being discharged to these streams. Some direct discharges of 
process effluents through permitted outfalls also occur. Sanitary effluent is 
discharged to WOC after treatment at the Sewage Treatment Plant. Below WOD, 
WOC is affected by water levels in the Clinch River that are controlled by 
Melton Hill Dam. 

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 waste area 
grouping (WAG) 1 and WAG 6 .  Waste sites at O W L  have been combined i n t o  WAGS 
that are geographically contiguous and/or hydrologicaLly defined areas. 
Samples are analyzed for radionuclides and nonradioactive chemicals. 

3.1 SURFACE WATER 

White Oak Creek receives drainage from an area of 17 km2 in Bethel and Melton 
Valleys and is the largest stream flowing through ORNL. After entering Melton 
Valley, WOC is joined by its major tributary, Melton Branch (MI$). WOD, located 
above the mouth of WOC, forms WOL and serves as a point for monitoring flow 
and discharges of contaminants from the ORNL site. 

ORNL collects samples for radiological analyses at off-site and on-site 
locations, at background or reference locations, in streams on the ORNL site, 
and from all process discharge point sources. Table 2 4  provides a sirnary of 
locations, parameters analyzed, and frequencies of sample collection and 
analysis for all radiological samples. This section will summarize results of 
samples collected from each of these types of  locations. Treated water samples 
are collected weekly at the Kingston and Oak Ridge Gaseous Diffusion Plant 
(ORGDP, Gallaher) potable water treatments plants (Fig. 6 )  and are analyzed 
quarterly. In the p a s t ,  samples were collected from an ORNL tap and from 
Melton Hill D a m  and were analyzed quarterly. The tap water sampling was 
dropped because they are not environmental samples. Because Helton Hill Darn 
water is also analyzed monthly, the quarterly sampling was dropped. Table 25 
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Table 24. Summary of collection and analysis frequencies of 
surface, pond, and effluent water samples 

.. ._ 

S tat i on Parameter 
Collection Analysis 
frequency Type frequency 

190 ponds 

1500 area, 3518 

2000 area, STP 

3544 

7500 bridge, MB1 

First Creek, 
WOC, HI32 

Fifth Creek, 
Kaccoon Creek 

Gal laher 

Kings ton 

HFTR ponds 

Melton Hill Dam 

NWT 

WOC headwaters 

WOD 

TRU ponds 

Gamma scan, gross alpha 

Gross alpha, gross beta 
gross beta 

Gamma scan, gross beta, 

Gross alpha, gross beta, 

Gamma scan, total Sra, 

Gamma scan, total Sra  

total Sra 

gamma scan, total sra 

3H 

3 8 ,  gamma scan, gross 
alpha, gross beta, total 
PU, total sra, U isotopes 

alpha, gross beta, total 
PU, total Sra, u isotopes 

3H, gamma scan, gross 

Gamma scan, gross alpha, 

24fh, 244cm, gamma scan, 
gross alpha total Pu, 
total Sra, $H> u isotopes 

ross beta 

Gamma scan, total S r a  

* 4 1 ~ m ,  *44cm, gamma scan, 
ross alpha total Sra , 

241~m, *44cm, gamma scan, 
%, 238Pu, *39P, 

- 
ross beta, total Sra,  
f38Pu, 239Pu, 3H 

Gross beta 

Weekly 

Weekly 

Weekly 

Weekly 

Weekly 

Weekly 

Weekly 

Weekly 

After 

Weekly 
discharge 

Weekly 

Weekly 

Weekly 

After 
d is charge 

Flow Monthly 

Flow Monthly 

Flow Monthly 

Flow Monthly 

Flow Monthly 

Grab Monthly 

proportional 

proportional 

proportional 

proportional 

proportional 

Time  Quarterly 
propor t Zonal 

Grab Quarter 1 y 

Flow Monthly 

Flow Monthly 
proportional 

proportional 

Flow Monthly 

Flow Monthly 
proportional 

proportional 

Flow Weekly 
proportional 

Flow Monthly 
proportional 

"Total radioactive Sr (89Sr + 90Sr). 
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I W A X R  MONITORING I *  LOCATlOhl 

Fig. 6 .  Location map of Gallaher and Kingston sampling points, 
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Table 25. Summary of radionuclide concentrations in water off-site ORNL, 
January-March 1989 

Drinking Water Percentage b 

Concentration Standarda (DWS) of 
Radionuclide ( W L )  ( W L )  DWS 

60CO 
137c3, 
Gross alpha 
Gross beta 
Total pue 
Total Srf  

235u 
2 34U 

2 3 6 ~  
238u 

6060 
137Cs 
Gross alpha 
Gross beta 
Total pue 
Total Srf 
2 3413. 
235u 
2 3 6 ~  
2 3 8 ~  

0 044 
0.020 
0.010 

-0.030 
< O .  00011 

0.12 
0.0022 
0.000069 

<0.0000028 
O.OQ14 

-0.0020 
0.0056 
0.020 
0.098 

<o. 00011 
0.16 
0.0023 
0.000065 
O.OO00076 
0.0013 

N A ~  
NA 
0.056 
1 . 9  
NA 
0 .30  
NA 
NA 
NA 
NA 

NA 
NA 
18 
<0.001 
NA 
40 
NA 
NA 
NA 
MA 

KingstonC 

NA 
NA 
0.056 
1 . 9  
NA 
0.30 
NA 
NA 
NA 
NA 

NA 
NA 
36 

NA 
53 
NA 
NA 
NA 
NA 

4 . 9  

aWational Primary Drinking Water Standard. 
bConcentration as a percentage of the DWS. 
CSee Fig .  6. 
dNA = not a licable. 
eTotal Pu ('59Pu + 240Pu 
fTotal radioactive Sr (84Sr + 90Sr). 

From 40 CFR 141, as amended. 
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gives the concentrations of radionuclides measured at these stations. These 
concentrations are compared with the Environmental Protection Agency (EPA) 
drinking water standards that apply at the outlet of a public water 
distxi.bution system. The concentration is given in Table 25 as a percentage of 
the EPA drinking water standard. All percentages were less than 100%. 
Concentrations at these two locations were similar. 

Two locations that are above ORNL discharges, Melton Hill Dan and WOC 
headwaters, serve as reference locations for comparing with streams that: 
receive discharges from OWL. In addition, surface water samples are collected 
from six streams near OWL: WOC, MB, First Creek, Fifth Creek, Northwest 
Tributary, and R-accoon Creek (Fig. 5). Surnmary statistics for each 
radionuclide at each surface water sampling location are given in Table 26. 

Draft 130E Order 5400.XX,  Chapter X I ,  2.a., requires comparison of annual 
average radionuclide concentrations with the derived concentration guide (DCG) 
values. According to the Draft DOE Order, a DCG f o r  water is the concentration 
of a particular radionuclide for which a "reference man" under continuous 
exposure (ingestion) for 1 year would receive the most restrictive of (I) an 
effective dose equivalent of 1 niilliSievcrc (1 mSv - 100 rnrem) o r  (2) a dose 
equivalent of SO mSv to any particular tissue. Although tihe DCGs apply at the 
point of discharge to a receiving stream prior t o  dilution in the stream, 
average quarterly stream concentrations were compared with the DCGs as a 
guideline. Average concentrations of each parameter are expressed as a 
percentage of the DCG in Table 26. All parameters, with the exception o f  total 
radioactive Sr, were less than 3% of the DCG. Concentrations of total 
radioactive Sr were highest in First Creek (average of 7.8 Bq/L), which was 
21% of the DCG for ''Sr, 

Locations that are sampled for nonradioactive chemicals under the requirements 
of the NPDES permit (see Sect. 3.2) are also sampled f o r  radionuclides 
(F ig .  7). Parameters analyzed and the frequency of analysis i s  given in 
Table 2 4 .  Table 27 gives a summary of  the quarterly Concentrations from each 
of these locations. The average concentration is expressed as a pereentxge of  
the DCG in the last column of  this table. All concentrations were less than 
100% of the DCG. 

The discharge o f  radioactive contaminants from OKNL is affected by the stream 
flows. Flows in MB (as measured at KB1 station), WQC (as measured at the 
confluence of MB and at WOC), and the Clinch River (as measured at Melton Hill 
Dam) are given in Table 28. The flow in Melton Branch is about one-third that 
in WOC. The ratio of WOC flow to Clinch River flow is also given in Table 28. 
The average ratios given were calculated daily and averaged for the month. 
This ratio gives an indication of the dilution factor that i.s expected for 
potential contaminants entering the Clinch Rfver from WQC. The ratio for the 
quarter ranged from 160 to 370. Clinch River flows are regulated by a series 
of TVA dams, one of  which i s  Melton Hill Dam. 

The quantity of radioactivity (referred t o  here as the discharge) in WQC as 
measured at the Sewage Treatment Plant, at the confluence of  TJJOC and MB, at 
WOD, and at ME1 were calculated from concentration and f l o w .  A single flow- 
proportional sample was obtained at each of WOC, MB1,  and STP stations and 
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ORNL-DWG 89-6363 

Fig. 7 .  Location map of QRNL NPDES and radioactivity sampling locations. 
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Table 28. Streama flows, January-March 1989 

Flow 
(109 L) 

Avera3e Melton White Oak White Oak Clinch 
Month Branch 1 Creekb DarnC River Ratio 

January 0.70 1.8 1,8 510 370 

February 0.40 1.3 2.0 500 280 

March 0.37 1.4 1.8 250 160 

%ee Fig.  5. 
%bite Oak Creek at confluence of Melton Branch. 
%bite Oak Creek at White Oak Dam. 
dFlcaw ratios Clinch River : White Oak Creek at White Oak Dam 

are calculated daily and averaged for the month. 
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analyzed at (roughly) monthly intervals. The discharge during that per iod  was 
calculated as the product of the flow-weighted concentration and the total 
f l o w  for the sampling period (Tables 29-31). Flow proportional samples were 
obtained at lJOD and analyzed at (roughl-y) weekly intervals, The average 
concentration during the calendar month was calculated as a weighted sum of 
all concentrations obtained for sampling periods intersecting (either 
partially o r  completely) the calendar month. The weights were proportional to 
the calendar period total flow attributable to the sample period intervals. 
This average concentration was multiplied by the calendar month total flow to 
arrive at the discharge. 

Each average flow-weighted concentrati.on is compared with a corresponding DCG. 
1x1 almost: all cases, the concentration is a smal.1 percentage of the cor- 
responding DCG. However, the percentages for total radioactive S r  and tritium 
at MBl are higher but less than 100% of the DCG. 

Monthly surface water samples were collected at two sampling locations for the 
purpose of determining background contamination levels before the influence o f  
ORNL. Because o f  ICP analysis problems, only one month of Sr results and two 
months o f  tin results are available. One sample was taken at Melt:on Hill Dam 
above OWL’S discharge point into the Clinch River ( F i g .  5). The other sample 
location was at WOC headwaters, above the point where OWL discharges to FJOC 
( F i g ,  5). Analyses were performed to detect both organic and inorganic 
compounds present in the water. The results o f  these analyses will help 
determine which compounds OWL, may be discharging and help in the minimization 
of potentially hazardous discharges. 

The organics and PCBs at both sampling locatioiis were collected by the manual. 
grab method. The inorganics, oil and grease, and dissolved solids were 
collected flow-proportionally by a sampling station at each location. All grab 
samples were taken one per month. 

Tables 32 and 33 contain a summary o f  the analytical results. Table 32 
displays an inorganic compound list, and Table 33 displays an organic compound 
list. The column enti.tled ‘Percentage DWL‘ is incl-uded to show the average 
concentration as a percentage of the National Primary or Secondary Drinking 
Water Regulation level, where available. Many of the inorganic analytical 
results show a wide range of detection limits, This is because of a dilution 
that must be made to some of  the water samples. When a given sample contains 
an element in a concentration higher than the  I C P  equipment caxi accurately 
measure, t1ii.s compound can cause a spectral interference with other elements ~ 

The sample must then be diluted to bring the interfering el.einent into a range 
that the equipment can accurately measure. The resulting analytical values 
from the ICP process must be adjusted by the dilution factor. This dilution 
factor must also be applied to the detection limit value for each element. 

There were no abnormally high levels of organic compounds found at either 
location, with most of the results helow analytical reporting limits. 
Inorganic compounds were also below the National Primary and Secondary 
Drinking Water regulation levels. Arsenic, lead, and selenium a l l  show high 
percentages of the regulation level; however, this is because the analytical 
reporting limits for these analytes are equal to or greater than the 
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Table 29. Radionuclide concentrations and releases at ORNLa, January 1989 

Concentration Percentage 
F l o w  D i s c h a r g e  Concentration Guideb (DCG) of 

Rad.ionuc1ide ( l o 6  L) (10" Bq) (Bq/L) (Bq/L) D C G ~  

Melton Branch 1 (12/31-01/30) 

6OCO 
1376s 

3H 
Total Srd 

6oc:Q 

137cs 
Total S r d  
3H 

241.h 
%O 

1376;s 
238Pu 

3H 

239p, 
Total S r d  

770 0.099 1.3 190 
770 0.046 0.60 110 
7 70 0 .54  7 . 1  37 
770 3,800 50 $000 74,000 

Sewage Treatment Plant (12 /31-01/30)  

27 0.0036 1 . 3  190 
27 -0.00027 -0.10 110 
27 0.041 1 5  NA" 
27 0 .013 4.8 37 

White Oak Creek (12/31-01/30) 

1,800 -0.055 -0.30 190 
I, 800 0.55 3.0  11 0 
1,800 1.1 6 . 2  37 
1 ,800  5 50 3,000 74,000 

White  Oak D a d  (01/01-02/01) 

1,800 0.0022 0.012 1.1 
1,800 0 I 071 0.39 190 
1 ,800  0.67 3 . 7  110 
1 ,800  0.0019 0.011 1 . 5  
1 ,800 0.0022 0.012 1.1 
1,800 1 . 3  7.2 37 
1,800 2,000 11,000 74,000 

0 . 7 0  
0 .54  

1 9  
68 

0 .70  
<o. 001 

NA 
13 

<o. 001 
2.7 
17 
4.1 

1.1 
0 . 2 1  
3 . 3  
0 . 7 2  
1.1 

20 
15 

'%ee Fig. 5 .  
bDerived concentration guide for ingestion of water. From Draft DOE 

CConcentration as a percentage of the DCG. 
dTotal radioactive Sr (89Sr + 90Sr) .  
eNA = not applicable. 
fConcentration is a flow-weighted average o f  the weekly samples. 

Order 5 4 0 0 . m .  

Discharge is the total for the month. 
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Table 30. Radionuclide concentrations and releases at ORNLa, February 1989 

Concentration Percentage 
Flow Discharge Concentration Guideh (DCG) of 

Radionuclide (lo6 L) (IO1’ B q )  ( W L )  (Bq/T..) DCGC 

60CO 
137cs 
Total Srd 
3H 

6060 
137Cs 
Gross beta  
Total S r d  

6060 
137Cs 
Total Srd 
3H 

241h 
2446, 
6Oco 
137Cs 

238Pu 
239Pu 

3H 

Gross be ta  

Total Srd 

Me1 ton Branch 1 (01/30 - 03 /05 )  

450 0.025 0.56 190 
450 0.0018 0 I 040 1-10 
450 0.31 6.9 37 
450 2,000 43,000 74,000 

Sewage Treatrnen t Plant  (01 /30  - 03/05) 

34 -0.00031 -0.090 190 
34 0.00075 0.22 110 
3 4 0.048 14 N A ~  
34 0.018 5.3 37 

White Oak Creek (OX/3O - 03/05) 

1 ,500  - 0.001.5 -0.010 190 
1,500 0.18 1.2 110 
1 I 500 0.83 5.5 37 
1,500 420 2,800 74,000 

White Oak Dan# (02/01- 03/01)  

2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 
2,000 

0.0019 0.0094 1,1 
0.0039 0.019 2.2 
0.029 0.14 190 
0.52 2.6 110 
3.3 16 NA 
0.00061 0,0030 1.5 
0.0012 0.0057 1.1 
1.1 5.5 37 

2,300 11,000 74,000 

0.30 
0.036 
19 
58 

<o. 001 
0.20 
NA 
14 

<o ~ 001 
1.1 
15 
3.8 

0.84 
0.86 
0.077 
2.3 

0.20 
0.52 

NA 

15 
15 

aSee Fig. 5. 
berived concentration guide f o r  ingestion o€ water. From Draft 

“Concentration as a percentxge of the DCG. 
dTotal radioacti-ve Sr (89Sr -I- ”Sr). 
“NA = not  applicable. 
fCoricentration is a flow-weighted average o f  the weekly samples. 

DUE Order 5400.m. 

Discharge is the t o t a l  €or  the month. 
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Table 31. Radionuclide concentrations and releases at O l w t a ,  March 1989 

Concentration Percentage 
Flow Discharge Concentration Guideb (D66) of 

Radionuclide (lo6 L) (10" Bq) (Bq/L) ( W L )  D C G ~  

Me1 ton Branch 1 (03/05 - 04/04) 

6OC@ 
13765 

Total. Srd 
3H 

370 
370 
370 
370 

24 
24 
24 
24 

1,300 
1,300 
1,300 
1,300 

1 800 
1,800 
1,800 
1,800 
1, 800 
I, 800 
1,800 
1,800 
1 ,800  

0.0074 0.20 190 
-0.022 -0 I 60 110 
0.48 13 37 

2,000 54,000 74 000 

Sewage Treatment Plant (03/05-04/04) 

-0.0026 -1.1 190 
0.00072 0.30 110 
0.029 12 NAe 
0.013 5 . 4  37 

White Oak Creek (03/05 - 04/04)  

0.013 0.10 190 
1.0 7.8 110 
0.70 5.3 37  

3G0 2 ,600  74 000 

White Oak Damf (03/01-04/01) 

0.0024 0,013 
0.0017 0 0093 
0.083 0.46 
0.37 2.1 
2.6 14 
0 " 00019 0.0010 

-0.0000036 -0.000020 
1.2 6 . 5  

1 900 10,000 

1.1 
2.2 

190 
110 

NA 
1 . 5  
1.1 

37 
74,000 

0.11 
<o .001 
3.5 
7 3  

<Q. 001 
0.27 
NA 
15 

0.054 
7 .O 

3.5 
1.4 

1.2 
0.42  
0.25 
1.9 
MA 
0.071 
<o. 001 
17 
1.4 

"See F i g .  5. 
%krived concentration guide for ingestion of water. From Draft DOE 

CConcentration as a percentage of  the DGG. 
dTota1 radioactive Sr ( 8 9 ~ r  + 90~r). 
eNA - not applicable. 
fConcentration is a flow-weighted average of the weekly samples. 

Order 5400.XX. 

Discharge is the total for the month. 
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Table 3 2 .  Inorganjc surface water analyses at reference locati-ons, 
January-March 1989 
I_ .. . . . . . . .. -. . . .. . .__. 

Concentration 
( m g m  

Parameter 

. . . . . . ... . 
Number of Standard Percentage 

samples Max Min Av error D W T b  

Al.uiiiinum- total 
Ammonia (as N) 
Antimony-total 
Arsenic-total 
Barium - tot a1 
Beryllium-total 
Biochemical oxygen demand 
Boron-total 
Cadmium-total 
C a1 c iuin - tot a 1 
Chromium-total 
Cobalt- total 
Copper-total 
Dissolved solids- t o t a l  
Fluoride-total 
Iron- tiu tal 
Lead-total 
Li thium - to t a1 
Magnesium- total 
Manganese-total 
Mo 1 ybde num- to tal 
Nickel-total 
Ni I: rate 
Oil and grease 
Organic carbon-total 
Oxygen-dissolved 

3 
3 3 

3 3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 3 

3 3 

3 3 

3 3 

3 

3 
3 

Recoverable phenolics- total 3 
S e 1 en ium - tot a 1 3 
S i. 1. i. con - to t a1 3 
Silver - t o  tal 3 
Sodium-total 3 
Strontium- total 1 
Sulfate (as SO4) 3 
Suspended s o l i d s -  total 3 
T i n -  total 2 
Ti-tanium- total 3 
Vanadium- total 3 
Zinc- total 3 

Melton Hill Dama 

3.2  
0.041 

< O .  030 
<O" 060 

0.056 
< O .  0003 
<5.0 
<o. 080 

0.018 
34 

0 .021  
< O .  0050 
<o ~ 010 

4 . 0  
2 . 6  

< O .  050 
<o.  20 

9 . 3  
0 . 5 2  

<O .040 
<o. 010 
<5.0  
<2 .0  

2 . 0  
8 . 9  

<o. 0010 
<O .060 

5 . 6  
< O s  0060 

6 . 2  
0.074 

1.80 

30 
4 8  
< O .  050 

0 .091  
0.017 
0.037 

0.48 
0.010 

< O .  030 
<O.  050 
<o. 0 0 2 0  
< O .  0003 
<5.0 

0.0096 
<o. 0020 
33 
< O .  0050 
< O .  0030 
<O .0040 
160 

<J-.  0 
0.10 

< O .  050 
< O .  0040 

7 . 7  
<o.  0 0 2 0  
<o.  010 
< O .  0050 
<5 .0  
<2.0 

1 . 5  
8 . 2  

<o. 0010 
<o. 050 

0 . 9 5  
<O.  0050 

3 . 6  
0.074. 

29  
<5.0 
< O .  050 

0.0078 

0.0079 
< O .  0050 

1 . 5  
0 .030 

<O .030 
< O .  0.57 
<O .03O 
< O .  0003 
<5.0 
<0.057 
< O .  0077 
33 
<o. 0 1 2  
< O .  0037 
< O .  0080 

<1.0 
1 . 3  

< O .  050 
< O .  1 3  

8 . 6  
< O .  25 
<O .030 
< O .  0067 
< 5 . 0  
<2.0 
1.7 
8 . 6  

<o. 0010 
<O. 057 

3 . 2  
<O. 0053 

5 . 2  
0.074 

170 

29  
<3 2 

< O .  050 
0.040 

<o. 012 
0.024 

0.84 
0.010 
0 
0.0033 
0.015 
0 
0 
0 .023  
0 .0051 
0 . 3 3  
0.0047 
0.00066 
0.0020 
6 . 4 
0 
0.72 
0 
0.065 
0.46 
0 .14  
0.010 
0.0016 
0 
0 
0.14  
0 . 2 0  
0 
0.0033 
1 . 3  
0 00033 
0.79 

0 . 3 3  
13 
0 
0 .025  
0.0036 
0.0086 

<113 
3 . 0  

<7 6 

<24 

< O .  80 

4 2  2 
<loo  

<501 

<5 0 

<566 

<10 

11 

0 . 4 8  
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Table 32 (continued) 
-I__ 

C o nc en t rat ion 
(mg/L) 

Parameter 

- 
Number of Standard Percentage 
samples Max Min Av error D W L ~  

Zirconium-total 
Conductivity, mS/cm 
Temperature, " C  
Turbidity, NTU 
pW, standard units 

A l u m i n u m -  total 
Ammonia (as N) 
Antimony-total 
Arsenic-total 
B a r i u m -  to tal 
Beryllium- to tal 
Biochemical oxygen demand 
Baron- total 
Cadmium-total 
Calcium-total 
Chromi urn- total 
Cobalt - total 
Copper-total 
Dissolved solids-total 
Fluoride- total 
21-01i- total 
Lead-total. 
Lithium - tot a 1 
Magnesium- total 
Manganese-total 
Molybdenum-total 
Nickel-total 
Nitrate 
O i l  and grease 
Organic carbon-total 
Oxygen-dissolved 

3 <0.020 <0.0050 <0.015 
3 0.90 0.70  0 . 7 7  
3 11 8 . 7  10 
3 2.4 0.80 1 . 7  
3 8 . 3  7 . 0  7.6 

Vhi te  Oak Creek Headwatersa 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

Recoverable phenolics - total 3 
Selenium-total 3 
Silicon-total 3 
Silver- total 3 
Sodium-total 3 
Strontium-total 1 
Sulfate (as S O 4 )  3 

0.76 
0.090 

<O ~ 030 
< O .  060 

0.046 
<O. 0003 
<5.0  
<os 080 
0.017 

0.018 
<O .0050 
<o, 010 

4.0 
1.0 

<O ,050 
<o, 20 

7 . 8  
0.010 

<O .040 
<o,  010 
<5.Q 
<2.0 

1 . 4  
8 . 5  

<o. 0010 
< O .  060 

4 . 4  
<O .O060 

1 . 2  
0.0083 

<5.0 

i a  

120 

0.18 
<o. 010 
<o. 030 

0.058 
0.013 

10.0003 
<5.0  
<O .0040 
<o .0020 

<O I 0050 
<O. 0030 
< O .  0040 
61 
<l.O 

0.067 
<O.  050 
< O ,  0040 

4.5 
<o. 0020 
<o. 010 
<O ~ 0050 
<5.0 
<2.0 
1.0 
8 . 3  

<O.  0010 
<Q e 050 

3 . 0  
<o. 0050 
0.51 
0.0083 

9 .3  

< 5 . 0  

0 . 4 4  
40 I 040 
< O .  030 
<Q.  059 

0 .029  
<O. 0003 
<5.0 
<o. 0 5 5  
< O .  0073 
1 3  
<o. 011 
<O .0037 
< O .  0080 
8 1  
<1,0 

0.42  
<O. 050 
<O.  13 

6 .0  
<O. 0047 
<0. 030 
< O .  0067 
<5.0  
<2.0 

1 . 2  
8 . 4  

<o. 0010 
<O.  057 

3 . 5  
< O .  0053 

0 .75  
0.0083 

4 . 0  

0.0050 
0.066 
0 . 7 0  
0.48  
0 . 3 7  

0.17 
0 , 0 2 5  
0 
0.00066 
0.0095 
0 
0 
0.025 
0.0048 
2.5 
0.0037 
0.00066 
0 0020 

1 9  
0 
0 . 2 9  
0 
0.065 
0 . 9 7  
0.0026 
0.010 
0.0016 
0 
0 
0 . 1 2  
0.066 
0 
0.0033 
0.43 
0 ,00033  
0 . 2 2  

0 

4 1 8  
2 . 9  

<7 3 

<2 2 

<O.  80 

138 
<loo 

<9 .3  

<5 0 

<t166 

410 

<2.. 0 

57 



Table 32 (continued) 
--- . .. . . . . . . - 

c0ncentra;isn 
(mg/U 

Parameter 
Number of St:andard Percentage 
eamples Max Min Av error DWEb 

Suspended s o l i d s  -total 
Tin-total 
TiCanim- total 
Vanadium-total 
Z i n c -  total 
Zirconium-total 
Conductivity, mS/cm 
Temperature, " C  
Turbidity, NTU 
pH, standard units 

3 10 <5.0  
2 cO.050 <0,050 
3 0.18 <O.O030 
3 0.48  <O I 0050 
3 0.030 0. Q03Q 
3 ~ 0 . 0 2 0  <O.O05Q 
3 0.50 0.40 
3 13  8,8 
3 4.1 1.0 
3 7.6 7.3 

<6.7 
<O. 050 
<O. 069 
<o. 17 
0,017 

<o. 015 
0.47 
11 

2 . 4  
7 . 4 

1.6 
0 
0.055 
0.15 
0.00'78 0.34  
0.0050 
0.033 
1.2 
0.90 
0.088 

%ee Fig. 5. 
bAverage concentration as a percentage of National Primary OK  Secondary 

Drinking Water Kegulation level. 



Table 3 3 .  Organic surface water analyis at reference Locations, 
January-March 1989 

---II 

Concentration 
h / L )  

Parameter 
Number of Standard Percentagea 
samples Max Min AV error DWL 

l,l,l-Trichloroethane 
1,1,2,2-Tetrachloroethane 
I,I,Z-Trichloroethane 
1,l-Dichloroethane 
1,l-Dichloroethene 
1,2-Dichloroethane 
lS2-Dich1oroethene 
1,2-Dichloropropane 
2-Butanone 
2-Hexanone 
4-Methyl-2-pentanone 
Ace tone 
Benzene 
Bromodichloromethane 
Bromoform1 
Bromome thane 
Carhaxi disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
Dibromochloromethane 
Ethylbenz ene 
Methylene chloride 
BCB- 1016 
PCB- 1221 
PCB - 1232 
PCB- 1242 
PGB- 1248 
RCB-1254 
PCB- 1260 
Styrene 
T e  trachloroe thene 
Toluene 
Trichloroethene 
Vinyl  acetate 
Vinyl chloride 
Xylene-total 
eis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

<5.0 
<5 .o 
<5.0  
~ 5 . 0  
<5.0 
<5.0  
<5 .0  
<5.0 
4 0  
<IO 
<lo  
< l o  

<5.0 
<5.0 
<5 .O 

<5.0 
<5 .0  
6 . 0  

<5.0  

<5 . O  
<5.0 
-2.0 
<o. 60 
<O .60 
~ 0 . 6 0  
<O. 60 
<O .60 
4 . 1  
4 . 1  
C 5 . 0  
<5.0 
c 5 . 0  
<5 .0 

<LO 

<IO 

< l o  

410 
4 0  

<5.0  
- 3 . 0  
<5.0  

6 . 0  
c 5 . 0  
<5.0 
<5.0 
c5.0 
< 5 . 0  
<5.0 
<5.0 

<lo 
< l o  
< lo  
<IO 

<5.0 
<5.0  
<5.0 

c5.0 
<5.0  
<5.0 

d . 0  

<5 .O 
<5.0 
-0.70 
<o. 60 
<O .68 
<o. 60 
<O ~ 60 
d l . 6 0  
<1,1 
a.1 
<5.0 
cs.0 
<5.0 
4 . 0  

4 0  

<lo  
<IO 

<IO 
<IO 
c5.0 
- 3 . 0  
<5.0 
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<5 - 0  
<5 "0 
4 . 0  
<5.0 
6 . 0  
<5 - 0  
- 6 . 0  
<5 .0  

< l o  
<lo 
<IO 
<10 

c5 .0  
<5.0 
1 5  .O 

c5 .o 
c5.0 
<5.0  

<5 .0  

c5 .0  
<5.0 
-1.2 
<O. 60 
<o. 60 
<O. 60 
<0. 60 
KO. 60 
4 . 1  
c1.1 
- 3 . 0  
<5.0 
<5.0 
<5.0 

4 0  

< l o  
< l o  

<IO 
<10 

<5.0 
<5.0  
<5 .0  

0 < 2 . 5  
0 
0 
0 
0 
0 <I.. 0 
0 
0 
0 
0 
0 
0 
0 <loo 
0 
0 
0 
0 
0 <100 
0 
0 
0 
0 
0 
0 
0.k0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



Table 3 3  (continued) 

Concentration 
( P . d  1,) 

.. ..._. . .. . . . . . . . 
Number of Standard Percentage" 

DWI. error samples Max Min Av Par a m e  t e r 

1 ~ 1 ~ 1 - Triehloroe thane 
1,1,2,2-Tetrachloroethane 
1,1,2-Trichloroethane 
1 ,l-Dichloroethane 
1,l-Dichloroethene 
1,2-Diehloroethane 
1,2-Dichloroethene 
1,2-Dichloropropane 
2-Butanone 
2-Hexanone 
4-Mcthyl-2-pentanone 
Ace tone 
Benzene 
Bromodichloromethane 
Bromoform 
Broruome thane 
Carbon disulfide 
C arb o n t e t r ac h 1 o r i de 
Chlorobenzene 
Ch 16 10 e thane 
Ch 1 or o form 
Chlo I-om thane 
Dibromochloromethane 
Ethylbenzene 
Meehylene chloride 
PCR-1016 
PCB-1221 
PCB- 1232 
PCB-1242 
PCB- 1248 
PCH-1254 
PCB- 1260 
Styrene 
Tetrachloroe thene 
Toluene 
Trichloroethene 
Vinyl acetate 
Vinyl chloride 
Xylene-total 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 

3 
3 
3 
3 
3 
3 
3 3 

3 3 

3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

White Oak Creek  Headwaters b 

<5.0 
<5.0 
<5.0 
<5.0 
<5.0 
<5.0 
<5.0 
<5.0  

< l o  
<10 
<10 
< l o  

<5.0 
<5.0 
<5.0 

<5.0 
<5.0  
< 5 . 0  

<5 .0  

<5.0 
<5.0  
-1.0 
<O. 60 
<O.  60 
<O.  60 
<O.  60 
< O .  60 
4 . 1  
<1.1 
< 5 . 0  
<5.0 
<5.0 
<5.0  

<10 

< lo  
< lo  

<10 
<10 

6 . 0  
<5.0  
<5 .0  

<5.0 
<5.0 
<5.0  
<5.0 
<5.0 
<5.0  
cs.0 
<5.0 

<10 
< lo  
< l o  

-4 . o  
<5.0 
<5.0 
<5.0 

<5.0  
< 5 . 0  
<5.0 

4 . 0  

<5.0 
<5.0 

< O .  60 
<O.  60 
<O. 60 
<O.  60 
< O .  60 
<1.1 
<1.1 
<5.0  
<5 .0  
<5.0 
<5 .O 

<IO 

<10 

<I 0 

-0 .50  

<10 
<10 

<5.0 
<5.0  
4 . 0  

<5.0 
<5.0 
<5.0 
<5.0 
<5.0  
<s.o 
<5.0 
<5.0  

< l o  
<10 
<10 

-8.0 
<5.0  
<5 .0  
<5.0 

<5.0  
<5 .0  
<5.0  

<s.o 
<5.0  
<5 .0  

<10 

<10 

< lo  

-0.83 
< O .  60 
< O .  60 
< O .  60 
< O .  60 
<O .60 
4 . 1  
4 . 1  
< 5 . 0  
< 5 . 0  
< 5 . 0  
<5.0 
<10 
<10 

4 . 0  
<5.0 
<5.0  

0 <2.5 
0 
0 
0 
0 
0 <1.0 
0 
0 
0 
0 
0 
2.0 
0 < l o o  
0 
0 
0 
0 
0 <loo 
0 
0 
0 
0 
0 
0 
0 . 1 6  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

..._..I..._......_.__I ............__.__... ............ ................_ ~ 

%ee Fig.  5. 
bAverage concentration as a percentage of National Primary 

or Secondary Drinking Water Regulation level 
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3.2 NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM REQUIREMENTS 

ORNL's current. NPDES permit requires that ten point-source outfalls be sampled 
before their discharge into receiving waters or before mixing with any other 
wastewater stream. One of  these points, the Nonradiological Wastewater 
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 [Oak Ridge Reservation (Om) 
Resin Regeneration Facility] that was taken out of operation in December 1986. 
These thirteen sampling locations are shown in Fig. 7. There are approximately 
1 5 0  additional locations that include storm drains, parking l o t  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 outfalls or surface streams, 

Summary statistics f o r  the first quarter of 1 9 8 9  are given €or each sampling 
location in Tables 34 through 4 9 .  Monitoring of  the ORR Resin Regeneration 
Facility is 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 on request. 
Noncompliances are provided in Tables 50  through 52. A brief summary of the 
noncompliances follows. 

January 1989 

On January 17 a temporary low-pH exceedance was measured at the 1500 area 
sampling location ( X 0 3 ) .  The exceedance was attributed to an unintentional 
discharge of low-pH liquid into a laboratory drain. 

Based on a daily maximum concentration of 32  mg/L and a flow of 3 4 2 , 9 7 0  gal, 
the kilograms per day limit for total suspended solids was exceeded on January 
18 at the Sewage Treatment Plant (XO1) .  Operational personnel indicated that 
no unusual conditions or upsets occurred. 

The residual chlorine exceedances at cooling towers 2535  and 2539  on January 
27 were attributed to the use o f  bromine biocide. A change to chlorine biocide 
is i n  progress for the two towers. 

February 1989 

The total suspended solids violation reported on February 17 at category I1 
outfall 209 was attributed to debris in runoff from a street drain. 

The February 17 total suspended solids violations at category I1 outfalls 2 4 3  
and 281 were attributed to dirt and debris being washed from a parking lot by 
rainfall. 

Washing o f  debris by rainfall from a construction area (Steam Distribution 
System Project) was the cause for the total suspended solids violations at 
category I1 outfalls 204,  209, 216, 2 2 5 ,  2 4 3 ,  2 6 3 ,  and 281 on February 17. 



Table 34. NPDES discharge point XOl,a January-March 1989 

Parameter 

Concentration 
(mg/L) 

. . . . . .. . ._ 
Number of Standard 
samples MEnX Min Av error 

Ammonia (as N) 
Eiocheanical oxygen demand 
Bromodichlorornethane 
Chlorine-total residual 

Cyanide-total 
Downstream pH, standard units 
Fecal coliform, c01/100 mLc 
Flow, Mgd 
Mercury-total 
O i l  and grease 
Oxygen- (lis solved 
pB, standard units 
Recoverable phenolics-total 
Silver-total 
Suspended solids-total 
Tr ichl-oroe thene 
Zinc-total 

Copper-total 

39 
39 

3 
39 

3 
3 

1 3  
39 
62 

3 
39 
62 
1 3  

3 
3 

39 
3 
3 

1.3 
<5.0 
-0 ” 0020 

0.45 
0.060 

<o ~ 0020 
7.9 

0.49 

9.0 

7.5 
0 I 0020 

<O, 0060 
32 
<o ,0050 

0 a 077 

120 

<o ,00020 

10 

0.0060 
<5.0 
-O.oon.o 
<o. 010 
<O. 0040 
<o. 0020 

6 . 7  
<1.0 

0 .15  
<o. 00020 
<2.0 

6 . 1  
6 . 6  

<o. 007.0 
<O .0050 
<2.0 
-0.00080 

0.055 

0.12 
<5.0 
-0.0017 
<O. 27 
<O. 025 
<O. 0020 

N A ~  
1.25733 
0 .24  

<o * 00020 
<2.4 

8 . 2  
NA 

<O. 0013 
<O. 0057 
<6.0  
-0.0036 

0.067 

0.039 
0 
0.00033 
0.018 
0.018 
0 

NA 
1.15656 
0.010 
0 
0.20 
0 1.2 

NA 
0.00033 
OIOQ033 
0 . 7 8  
0.0014 
0 0065 

‘-%ewage Treatment Plant, ORNL. 
bNA = not applicable. 
‘%eornetric mean. 
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Table 35, NPDES discharge point X02," January-March 1989 

Parameter 
Number of 
samples 

Concentration 
(mg/L) 

Standard 
Max Min AV error 

Arsenic-total 13 
Cadmium-total 13 
Chromium-total 13 
Copper-total 13 
Downstream pH, standard units 62 
Flow, Hgd 62 
Iron-total 13 
Lead-total 13 

Nickel-total 13 

pll ,  standard units 62 
Se len ium-  total 13 
Silver- total 13 

Manganese-total 13 

Oil and grease 1 3  

Sulfate, as (SO&) 3 
Suspended solids-total 13 
Temperature, "C 62 
Zinc-total 13 

0 .29  
0.017 
0.041 
0.067 

0.24 
0.54 

<O. 050 
0.072 
0.021 

8 .9  

31 
11 
< O .  060 
0.021 

1000 
23 
21 
0.056 

0.033 
<o. 0020 
<o. 0050 
< O D  0040 

6 " 4  
0 .  QOO013 

0.035 
<O.  030 
<0, 0020 
<O. 0050 
<2.0 
3.1 

<O. 030 
<0.0050 

<2.0 
4.7 

<o. 0080 

580 

0.10 
<0.0062 
<o ~ 014 
<O,  015 

0.044 
0.21 

<o .Oh8 
<O. 024 
<0. 010 
4 . 2  

NA 
<0.055 
< O .  0065 
760 
s7.4 
I1 
<0. 021 

NAb 

0.021 
0.0016 
0.0028 
0.0047 

NA 
0 "  0053 
0.044 
0.0015 
0.0078 
0.0016 
2 .3  
NA 

0.0031 
0.0012 

1.4 
0 - 4 9  
0.0046 

120 

aCoal  Yard Runoff Facility, ORWL. 
h A  - not applicable. 
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T a b l e  36. NPDES discharge point X03,a January-March 1989 

Pararne ter 

Concentration 
( m g / J J  
......______ ......__. ____ 

Number of Standard 
samples Max Min A v  error 

Arsenic - total 6 
Cadmium-total 6 
Chromium- total 6 
Copper-total 6 
Downstream p H ,  standard units 13 

Iron-total 6 
Lead-total 6 
Nickel-total 6 
O i l  and grease 6 
Organic carbon-total 6 
pH, standard units 13 
Phosophorus-total 6 
Suspended solids- total 6 
Temperature, " C  13 
zinc- total 6 

F l o w ,  Mgd 3 

<O. 060 
0.016 
0.050 
0.020 
7 . 9  
0 .041 
0.19 

<O.  055 
0.033 
5.0 
4 . 4  
7 . 9  
0.68 

<5.0 
19 
0.18 

<O. 050 
<o. 0020 
<O. 0050 
0 rl 0050 
5.8 
0.010 

<o ~ 0040 
<o .050 
< O .  0050 
<2"0  

3 . 3  
3 . 4  
0 .30  

<5.0 
11 
0.040 

< O f  055 
<O .O04 7 
<O ~ 023 
0.011 

0.024 
<o. 092 
<O. 051 
<o. 012 
< 2 . 8  

3 . 8  
NA 

0.47  
<5.0 
1 5  

N A ~  

0.12 

0.0022 
0.0023 
0.0081 
0.0020 

NA 
0.0089 
0.028 
0.00083 
0.0045 
0.54 
0 . 1 5  

NA 
0.063 
0 
0.51  
0,019 

a150B area, ORNL. 
h.4 = not applicable. 
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Table 37. NPDES discharge point X04," January-March 1989 

Concentration 
(mg/L) 

Parameter 
Number of Standard 

s amp1 e s Max Min AV error 

Arsenic-total 6 
Cadmium-total 6 
Chromium-total 6 
Copper-total 6 
Downstream pH, standard units 13 

Lead-total 6 
Nickel-total 6 
O i l  and grease 6 
Organic carbon-total 6 
pH, standard units 13 
Phosophorus-total 6 
Silver-total 6 
Suspended solids-total 6 
Temperature, " C  13 
Zinc-total 6 

Flow, Mgd 1 

0.060 
0.018 
0.020 
0,016 
7.8 
0.0095 
0.23 

<o. 010 
10 

2 . 2  
7.8 
0.50 
0 .029  

<5 .O 
14 
0.17 

<O. 050 
<o .0020 
<o. 0050 
KO. 0040 

6 . 9  
0 ,0095  

<O e 050 
<O. 0050 
<2.0 

1 . 2  
6 . 5  
0 .20  

<O. 0050 
<5.0 

9 . 8  
0 . 0 2 5  

10.058 
<O. 0050 
<O. 0096 
<o. 011 

N A ~  
0.0095 

KO. 080 
<0. 0067 
<5.3 
1.6 
NA 

0.35 
<O. 0097 
c5 .0  
12 
0.11 

0.0017 
0,0026 
0 a 0023 
0.0017 
NA 

0.030 
0.0011 
1.5 
0.14 
NA 

0.043 
0 .0039 
0 
0 .38  
0 .022 

area, OWL. 
b~~ I. not applicable. 
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Table 38. NPDES discharge p o t n t  X06,a January-March 1989 

Concentration 
(mg/L) 

Parameter 
Number of Standard 
samples Max #in AV error 

Arsenic - t:o tal 6 
Cadmi.um- total 6 
Chromium-total 6 
Copper-total 6 
Downstream plz, standard units 13 

Lead-total 6 
Nickel-total 6 
Oil and grease 6 

pH, standard units 13 
Selenium- total 6 
Sulfate (as S O 4 )  6 
Suspended solids-total 6 
Temperat:ure " C  13 
Z i n c -  total 6 

Flow, Mgd 3 

Organic carbon-total. 6 

<O. 060 
0.022 
0 . 1 1  
0.15 
7.9 
0.17 
0.13 
0.017 
3 .0  
6 . 3  
7 . 7  

<O. 060 
35 
22 
17 
0.13 

0.040 
<o. 0020 
<o .010 

0.012 
6.5 
0.15 

<O. 050 
<O .0050 
<2.0 
2.9 
6.2 

<O. 030 
28 
4 . 0  
11 
0.090 

0.053 
<o 0058 
<8.043 

0,050 
N A ~  

0.16 
<O. 065 
<o. 010 
<2.2 

4 . 5  
NA 

<0 ,  052 
32 
<7.8 
14 
0.12 

0.0033 
0.0032 
0.016 
0.020 

NA 
0.0055 
0.013 
0.0018 
0.17 
0.57  

NA 
0.0048 
1 . 2  

0.53 
0.0077 

2 . 8  

"3539/40 Ponds, OWL. 
bNA = not  applicable. 
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Table 39. NPDES discharge point X07,a January-March 1989 
- 

Concentration 
(%/I4 

Number of Standard 
Par a m  t e P' samples Max Min AV error 

----- I____.__ 

Arsenic- total 
Cadmium-total 
Chromium- to ta l  
Copper-total 
Downstream pH, standard units 
Flow, Mgd 
Lead-total 
Nickel-total 
Nitrate 
Oil and grease 
Qrganic carbon-total 
pH, standard units 
Silver-total 
Sulfa te ,  as (SO4) 
Suspended solids-total 
Temperature, " C  
Tota l  toxic organics 
Zinc-total 

6 
6 
6 
6 

1 3  
6 1  

6 
6 
6 
6 
6 

13 
6 
6 
6 

13 
6 
6 

<O. 060 
0.018 
0.014 
0.011 
7 . 9  
0 . 3 0  

<O .050 
0.029 
9 . 1  
3 .0  
2 . 2  
7.9 

<0. 0060 
270 
<5.0 
18 
0.039 
0.025 

<O ~ 050 

<O. 0050 
<O .0040 

6 . 3  
0 .073  

< O .  050 
<0.0050 
4 . 0  
<2.0 
1.0 
6 . 3  

<O .QO20 

<O .0050 

<5.0  
9 . 2  
0 
0.0040 

180 

<O. OS5 
<O. 0052 
<O. 0092 
~ 0 . 0 0 8 2  

N A ~  
0.21 

<o. 050 
<o. 011 
4 . 1  
<2.2 
1.4 
NA 

< O .  0055 
220 
x5.0 
1 3  

0.022 
0.012 

0.0022 
0 ~ 0026 
0.0014 
0.0013 

NA 
0.0055 
0 
0.0038 
0.70  
0 .17  
0.17 
NA 
0.00022 

1 6  
0 
0.69  
0.0061 
0.0031 

aProcess Waste Treatment Plant ( 3 5 4 4 ) ,  ORNL. 
bNA not applicable. 
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Table 40.  NPDES d ischarge  po in t  X09,a January-March 1989 

Concentrat ion 
(mg/L) 

Parameter 
N w ~ ~ K  of  Standard 

samples Max M i r i  AV e r r o r  

Arsenic - t o t a l  
C a d m i u m -  t o t a l  
Chromium- t o t a l  
Copper- t o t a l  
Downstream pH, s tandard  u n i t s  
Flow,  Mgd 
Lead- t o  tal 
N i c k e l - t o t a l  
Nitrate 
O i l  and grease  
Organic c a r b o n - t o t a l  
pH, s tandard  u n i t s  
Su l f a t e  ( a s  SO&) 
Suspended s o l i d s -  total. 
Temperature, "C 
Zinc-total 

6 
6 
6 
6 
3 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

0 .096  
0.012 
0.041 
0 .041  
8 . 3  
0.0097 

<O. 0 5 0  
0 . 0 1 8  
7 . 9  
8 .0  
5 . 2  
8 . 5  

84 
12  
16 

0.055 

<O .060 
<o. 0020 
<o. 0050 
<o. 010 

7 . 3  
O . O O ~ t 8  

<0. 050 
< O .  0050 
< 5 . 0  
<2.0 

2 . 1  
7 . 7  

32 
<5.0 

5 . 4  
<O ~ 0080 

<O. 066 
< O .  0 0 5 3  
<o. 017 
<o. 0 2 3  

N A ~  
0 "  0063 

< O .  050 
<o .610 
< 5 . 7  
< 3 . 6  

3 . 7  
NA 

49 
<7.3  
1 2  
< O .  035 

0 . 0 0 6 0  
0.0020 
0 .0056 
0 . 0 0 6 0  

0 . 0 0 0 7 4  
0 
0 .0025 
0.46 
0 . 9 7  
0 . 4 2  

NA 
7 . 9  
1 . 1  
2 . 0  
0.0076 

NA 

a€lFIR w a s t e  b a s i n s ,  ORNI,. 
bNA = no t  app l i cab le .  
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Table 41. NPDES discharge point Xll,a January-March 1989 

Concentration 
(mg/L) 

Parameter 
Number of 
samples Max Min 

Arsenic-total 6 
Gadmiurn-total 6 
ChKomium-totsL 6 
Copper-total 6 
Downstream pH, standard units 13 
Flow, Mgd 3 
h a d -  total 6 
Nickel-total 6 
Nitrate 13 
Oil and grease 6 
Organic carbon-total 13 
pH, standard units 13 
Phosophorus-total 6 
Sulfate (as SO4) 13 
Suspended solids-total 6 

Zinc-total 6 
Temperature, " C  13 

<O .060 
0.016 
0.022 
0.020 
8.1 
0 . 2 9  

<O .O50 
<o. 010 

3 . 0  
8.5 
7 .9  
4 . 6  

<SO 

2700 
3s 
2 1  
0 .97  

€0.050 
<O,  0020 
40.8050 
<o. 010 
6.5 
0.023 

< O .  050 
<O. 0050 
<5.0 
<2 . o  
1.1 
6.2 
1 . 7  

8 .o 
0.37 

930 

1 3  

Standard 
AV error 

<0. 055 
<O. 0048 
<o. 011 
co .01s 

0.12 
<o. 050 
<o. 0081 
<8.5  
c2.3 
5.5 
NA 

3 . 4  

N A ~  

1900 
25 
15 

0.65 

0 10022 
0.0022 
0.0024 
0.0020 
NA 

0 . 0 8 5  
8 
0.00091 
3 . 5  
0.21 
0 . 6 1  
NA 

0.39 

4.7 
0.71  
0.094 

160 

a3518 Acid Neutralization Plant, ORNL. 
%A. = not applicable. 
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Table 42. NPDES discharge point X13,a January-Karch 1989 
I__._._..._.._ -. .._..__ 

Concentration 
(mg/J.J 

Parameter 
Number of 

s amp 1 es 
S randard 

Max Min Av e K r D r  

Aluminum- total. 
Ammonia (as N) 
Arsenic- tot .al  
EioehernlcaP oxygen demand 
Cadmium-total 
Chlorine- total residual 
Chloroform 
Chromium-total 
Cor1ductivit.y , mS/cm 
Copper-total 
Dissolved solids-total 
Flow, Mgd 
Fluoride- total 

Lead-total 
Manganese-total 
Mercury-total 
Nickel-total 
Nitrate 
O i l  and grease 
Organic carbon-total 

PCB-total 
pM, standard units 
Phosophorus - total 
Recoverable phenolics-total 
S i  lver - total 
Sulfate, as SO4 
Suspended solids-total 
Temperature, " C  
Trichloroethenc 
Turbidity , JTUC 
Zinc-total 

r1-0.n- total 

Oxygen-dissolved 

3 
3 
3 
3 
3 

13 
3 
3 
3 
3 
3 

62 
3 
3 
3 
3 
3 
3 
3 
13 
3 
13 

3 
3 
3 
3 
3 
3 
3 

1 6  
3 
3 
3 

0.70 
0.023 

<O. 060 
<5.0 
co .0020 
<o .OlO 
<O .005O 

0.016 
1.4 
0.23 

200 
73 
<1.0 
0.45 

<O .0040 
0.090 

<O. 00005 
<0. 010 
<5.0 
88 
2.3 

15 
<O. 00050 
8.0 
0.10 
0.0030 

<O. 0050 
2s 
14 
18 
-0 .0020 
140 
0.014 

0.34 
0.0090 

<O. 050 
<5.0 
<o. 0020 
co. 010 
-0.00060 
<o. 010 

0 .60  
< O .  0040 

0 . 6 4  
<1.0 
0.18 

<O .0040 
<o. 0020 
<o. 00005 
0.0072 

<5.0 
<2 . o  
1-6 
6.3 

7.3 
0.10 

<o. 0010 
<o . ooso 
22 
<5.0 

1-50 

< O .  00050 

5.2 
-0.00030 
10 
<o. 0080 

0.54 
0.017 

<O. 0 5 3  
4 . 0  
<0 * 0020 
<o. 010 
-0.0035 
<o .012 

0 . 9 0  
<O.  080 

7 . 1  
<1.0 

0 , 3 5  
<O .0040 
<O. 058 
<or 00005 
0.0091 

<5.0 
<9.5  

1 . 9  
9 . 7  

170 

<O.  00050 
N A ~  
0.10 

<O. 0023 
<O. 0050 
23 
<9 .7  

8 . 6  
-0.00093 
57 
<o. 011 

0.11 
0.0043 
0.0033 
0 
0 
0 
0.0015 
0.0020 
0.25 
0.075 

1.5 
2 . 1  
0 
0.084 
0 
0.028 
0 
0.00093 
0 
6 . 6  
0 . 2 1  
0.57 
0 

NA 
0 
0.00067 
0 
1 . 0  
2 . 6  
0 . 9 2  
0.00054 

0.0017 
42 

%elton Branch, OWL. 
~ N A  = not applicable. 
CMeasured in Jackson Turbidity Units 
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Table 43. NPDES discharge point X14,a January-March 1989 

Parame t e I 

Concentration 
(mg/E) 

Number of Standard 
s amp 1 es  Max Mi n AV error 

Alumi num- total 
Ammonia (as N) 
Arsenic-total 
Biochemical oxygen demand 
Cadmium- total 
Ghlorkne-total residual 
Chloroform 
Chromium-total 
Conductivity, mS/cm 
Copper-total 
Dissolved solids- total 
Flow, MGD 
Fluoride- total 
Iron-total 
Lead-total 
Manganese-total 
Mercury-total 
Nickel-total 
Nitrate 
Oil and grease 
Organic carbon- total 
Oxygen-dissolved 

pH, standard units 
Phosophorus-total 
Recoverable phenolics-total 
Silver-total 
Sulfate (as SO&) 
Suspended solids-total 
Temperature, "C 
Trichloroethene 
Turbidity, J T U C  
Zinc-total 

PCB- total 

3 
3 
3 
3 
3 
13 

3 
3 
3 
3 
3 
62 
3 
3 
3 
3 
3 
3 
3 
13 
3 
13 

3 
3 
3 
3 
3 
3 
3 
16 

3 
3 
3 

1.0 
0.10 

<O. 060 
<5.0 
<o. 0020 
<o .010 

0.0050 
0.035 
1.4 
0.15 

200 
81 
1.0 
0 . 7 9  

<O ,0040 
0,089 
O,OOOO6 

<o. 010 
<5.0 
4.0 
2.1 

1 2  
<O. 00050 

8 . 3  
0 .40  
0.0010 

<O. 0050 
47 

20 
<O ,0050 
36 
0.050 

5.0 

0.13 
0.018 

<O. 050 
4 . 0  
<o. 0020 
<o .010 
-0.0040 
<o .010 

0 . 6 0  
<O .0040 
160 
4.1 
1.0 
0.20 

<O .0040 
0 032 

<O ,00005 
<O. 0050 
<5.0 
<2.0 

1 . 5  
6.1 

7 . 2  
0 , 2 0  

<o * 0010 
<O. 0050 
36 
- 3 . 0  

7 . 7  
-0.00060 
16 

<O. 00050 

0.035 

0.44 
0.066 

<O.  053 
4 . 0  
<o. 0020 
KO. 010 
-0.0043 
KO. 018 

0 . 9 0  
<O.  055  

190 
12 
1.0 
0.43 

40.0040 
0 .054  

4 . 0 0 O 0 5 3  
<O .0083 
<5.0 
4 2 . 5  
1.9 
9 . 4  

< O .  08050 
NAb 
0.27 

<o. 0010 
<O. 0050 
41 
45.0 
11 
-0.0035 
26 

0.042 

0.28 
0,025 
0.0033 
0 
0 
0 
0.00033 
0.0083 
0.25 
0.048 

12 
1 . 5  
0 
0 .18  
0 
0.018 

0.0000033 
0.0017 
0 
0.24 
0.19 
0.44 
0 
NA 
0.067 
0 
0 
3.3 
0 
0.77 
0.001s 
5.8 
0.0044 

"White Oak Greek, OWL. 
bNA - not applicable. 
%easured in Jackson Turbidity Uni t s .  



Table 44.  NPDES discharge point X15,a January-March 1989 

Cancentration 
(%/N 

Parameter 
Number of 

sarnpl e s Max Min Av 

Aluminum-total 
Ammonia (as N) 
Arsenic-total 
Biochemica1 oxygen demand 
Cadmium-total 
Chlorine-total xesidual 
Chloroform 
Chromiirni - t o  tal 
Conductivity , mS/cm 
Copper-total 
Dissolved solids-total 
Flow, Mgd 
Fluoride - total 
Iron- t o t a l  
Lead-total 
Manganese - to tal 
Mercury-total 
Nickel-total 
Nitrate 
Oil and grease 
Organic carbon- total 
Oxygen-dissolved 
PCH- total 
pH, standard units 
Phosophorus-total 
Silver-tatal 
Sulfate, as SO4 
Suspended solids - total 
Temperature, " C  
Trichloroethene 
Turbidity, JTUC 
Zinc-tatah 

3 
3 
3 
3 
3 

13 
3 
3 
3 
3 
3 

6 2  
3 
3 
3 
3 
3 
3 
3 

1 3  
3 

1 3  
3 
3 
3 
3 
3 
3 

16 
3 
3 
3 

0 . 8 1  
0 . 0 6 0  
0.090 

<5.0 
<o. 0020 
<o. 010 
4 . 0 0 2 0  

0.024 
1 . 2  
0.13 

200 
150 

1.0  
0 . 9 5  

<O .0040 
0 . 1 0  
0.00009 

<o. 010 
<5.0 
10 
2.0 

14 
<O .00050 

8 . 2  
0.20 

< O .  0050 
38 
32  
20 
<O.  0050 
32 

0.038 

0.46 
0.011 

<O. 050 
<5 .O 
<O.  0020 
<o .010 
-0.0020 
<o. 010 

0 . 6 0  
0.0050 

6 . 5  
4 . 0  

0.20 
<O.  0040 
<o. 0020 
< O .  00005 
<O.  0050 
<5.0 
<2.0 
1.7 
5.5 

7.1 
0.10  

<O .a050 
30 
<5.0 
5.5 

<O. 0050 
10 
0.020 

140 

<O.  00050 

0 . 6 8  
0.033 

<O. 067 
<5.0 
<o I 0020 
<o. 010 
-0.0020 
<o. 018 

0 . 8 3  
0 . 0 4 9  

180 
22 
4 . 0  

<O .0040 
0.48 

<O. 050 
<O. 000063 

<O. 0083 
<5 .O 
<3.6 
1.9 
9 . 3  

<o. 000.50 
N A ~  

0.1.7 
<o. 0050 
33 

<19 
11 
<O 0050 
2 4 

0 . 0 3 1  

Standard 
error 

0 . 1 1  
0.014 
0.012 
0 
0 
0 
0 
0.0043 
0.19 
0.041 

1 9  
3 . 3  
0 
0 . 2 4  
0 
0.028 

0. U00013 
0 . 0 0 1 7  
0 
0 .66  
0 . 1 0  

0 
NA 

0 . 0 3 3  
0 
2 . 5  
7 . 8  
1 . 0  
0 
7 . 0  
0 . 0 0 5 7  

0 .68  

%bite Oak D a m ,  ORNL. 
'NA = not applicable. 
'Measured in Jackson Turbidity Units. 
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Table 4 5 .  NPDES miscellaneous source VC7002," January-March 1989 

Concentration 
(mg,'U 

Par ame t e r 
Number of 
samples Max 

Biochemical oxygen demand 3 <5.0 
Fecal coliform, coL/100 mL 3 60 
O i l  and grease 3 7 . 0  
pH, standard units 3 7 . 0  
Recoverable phenolics-total 3 0.14 
Suspended solids-total 3 16 

Standard 
Min Av error 

<5.0 <5.0 0 
4 . 0  4 6  18 
<2.0 c4 .7  1 . 5  

<O .001Q <0. 046 0 .045 
<5.0 4 . 7  3 . 7  

6.5 NAb NA 

aVehicle and Equipment Cleaning Facility, Building 7002. 
bNA = n o t  applicable. 
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Table 4 6 .  NPDES cooling towers," January-March 1 9 8 9  

Parameter 

Concentration 
(mg/L.l 

_l_l_l__..... . . . .. . . .. . .I.__._.. 

Number of Standard 
samples Max Min Av error 

Chlorine-total residual 
Chromium-total 
Copper-total 
Downstream pH, standard units 
Flow, Mgd 
pH, standard units 
Temperature, "C 
Zinc-total 

1.3 <o. 010 
<o .OlO <o. 010 
0.15 <O .0040 
8 . 4  7.9 
0.18 0.0026 
8 . 6  8.0 

23 9 . 9  
0 . 8 8  0.10 

<O. 26 
<o. 010 
<O. 052 

0.026 
NA 

0.32 

NAb 

18 

0.16 
0 
0,015 
NA 
0,019 
NA 

1 . 5  
0 . 0 8 3  

aomL I 

bNA = not applicable. 
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Table 47. NPDES miscellaneous outfalls, January-March 1989 

Concentration 
(mg/L) 

Parameter EF7002a SP251gb 

Flow 
Oil and grease 
PH 
Temperature 

O.OOOO46 
9.0 
7.1 7.7 

21 

aVehicle and Equipment Maintenance Facility, 

bCentral Steam Plant, Building 2519. 
Building 7002. 
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Table 4 8 .  NPDES discharge point: category I1 outfalls,a January-March 1989 

Par arne t e r 

Concentration 
(mg/L) 

...._ 
Number of Standard 
samples Max Min AV error 

Dowristream pH, standard units 39 8.3 7.4  N A ~  NA 
Flow, Mgd 3 9  0 . 1 9  0.00014 0.033 0 .0063 
Oil and grease 39 1.50 <2.0 <12 4 . 1 
pW, standard units 39  8.5 6.9 NA NA 
Suspended solids-total 39  3 10 <5.0  <37 9.3 
Temperature, " C  39  48 5 .2  12 1.3 

aORNL. 
~ N A  = not applicable. 



Table 49. NPDES discharge point: category I11 outfalls,a January-March 1989 

Parameter 
Number of 
samples 

Concentration 
(mg/L) 

Standard 
Max Min Av error 

Flow, Mgd 
pH, standard units 

24 0.16 0. QQO14 0.015 0.0071 
24 8.2 7.1 N A ~  NA 

"OWL . 
'NA - not applicable 
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Table 50. NPDES noncompliances, January 1989 

Concentration Permit 
(mn/L) l i m i t  

s t a t  Lon Parameter Daily Maximum (mg/L) 

Sewage Treatment 
P l a n t  (XO1) 

Cool.ing Systems 
(CS2535) 

Cooling Systems 
( C S 2 5 3 9 )  

Tota l  suspended 
so  1 i d s  a 

41”5 39.2 

3 . 4  
(da i ly  minimum) 

6 . 0  

Re s i dua 1 ch 1 o r  ine  0.85 0 .20  

Residual ch lor ine  1 . 3  0 . 2 0  

“Measured i n  kilograms p e r  day. 
bPfeasured i n  s tandard u n i t s .  
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Table 51. NPDES noncompliancea, February 1989 

S t a t  ion  

Daily max 
concent ra t ion  

(mg/L) 

To ta l  O i l  Tota l  Oil 
suspended and suspended and 

s o l i d s  grease s o l  i d s  grease 

Category I1 56.0 16 .0  50.0 15 .0  
Outfall  204 

Category I1 69.0 149.0 50.0 15 .0  
O u t f a l l  209 

Category 11 120.0 
O u t f a l l  216 

Ca.tegory I1 
O u t f a l l  218 

Category I1 
Outfal l  225 

Category I1 
O u t f a l l  230 

Category I1 
O u t f a l l  233 

17.4 

308.0 30.0 

17 .0  

24.0 

Category I1 94.0 
O u t f a l l  243 

Category I1 161.0 
Outfall 263 

Category I1 1 2 1 . 0  
O u t f a l l  281  

50.0 

50.0 

50.0 

50 .0  

50.0 

15.0  

15.0 

15.0  

15.0 
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Table 5 2 "  NPDES noncompl.izmces, March 1989 

__. . ._. _I ______....- 

Sta t ion  

Concentration P e mi t 
(mn/L) 1 i m i  t --- 

Parameter Daily Maximum ( W d L )  
__ ___._....I_.__- __ 

Coal Yard Runoff PHB 
Treatment 
F a c i l i t y  (X02) 

Coa l  Yard Runoff 
Treatment 
F a c i l i t y  (X02) 

Catxgory I1 
Out fa l l  227 

Category I1 
Outfa l l  244 

Coal Yard Runoff 
Treatment 
F a c i l i t y  (X02) 

PH 

O i l  and grease 

O i l  and grease 

O i l  and grease 

3 . 1  
(da i ly  minimum) 

11.4 

43.0 

55.0  

31.0 

6 . 0  

9 . 0  

15 .0  

15.0 

2 0 . 0  

. . . . . .. . _. ___ ___li.i.. 

'Keiisured i n  s tandard u n i t s .  
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Februarv 1989 

The total suspended solids violation reported on February 17 at category I1 
outfall. 2 0 9  was attributed to debris in runoff from a street drain. 

The February 17 total suspended solids violations at category II outfalls 2 4 3  
and 281 were attributed to dirt and debris being washed from a parking lot by 
rainf a1 1. 

Washing of debris by rainfall from a construction area (Steam Distribution 
System Project) was the cause for the total suspended solids violations at 
category I1 outfalls 204, 2 0 9 ,  216, 2 2 5 ,  2 4 3 ,  2 6 3 ,  and 281 on February 1 7 .  

The oil and grease exceedances on Eebruary 17 at Category I1 Outfalls 2 0 4  and 
2 3 3  were caused by rain runoff from a construction area. The oi.1 and grease 
exceedance on the same date at Category 11 Outfall 225  is under investigation. 

Normal street drain runoff was the reason for the Outfall 2 0 9 ,  218, and 230 
oil and grease exceedances. 

March 1.989 

Equipment: malfunction was the cause f o r  the Coal Yard Runoff Treatment 
Facility ( X 0 2 )  minimum pH exceedance on March 14 and the maximum pH exceedance 
on March 15. The equipment was repaired on March 16. 

The oil and grease exceedance of March 20 at Category I1 Outfall 227  was 
caused by rain runoff from a construction area. 

Normal street drain runoff was the reason for the Category 11 Outfall 244 oil 
and grease violation that occurred on March 20. 

The oil and grease exceedance on March 28 at X02 was attributed to heavy 
equipment present during sludge removal, 

3 . 3  POLYCHLORINATED BIPHENYLS (PCBs) IN THE AQUATIC ENVIRONMENT 

Water and sediment samples were collected from various locations along WOC, 
ME, and the Clinch River (CR) to determine PCB concentrations in these areas 
(Fig. 8). A total of  nine sites was sampled; four  on White Oak Creek 
(including one at White Oak D a m ) ,  one on Melton Branch, and f o u r  on the Clinch 
Kiver. Two samples per site were taken for water, and one sample per site was 
taken for sediment during January through March, 1989. This was done to comply 
with the Clean Water Act (CWA) and is  a requirement of OWL'S NPDES permit. 
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 samples are being analyzed quarterly for aroclors 1016, 1221, 1 2 3 2 ,  
1 2 4 2 ,  1 2 4 8 ,  1 2 5 4 ,  and 1 2 6 0 .  Sediment samples are being analyzed semiannually. 

Water and sediment samples were taken by the manual grab method and placed in 
amber glass containers. The samples were cooled to 4 C"; the water samples can 
be held for a maximum of 7 days before extraction, and the sediment can be 
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held for a maximum of 3 days before extraction. The samples were analyzed by a 
gas chromatographic procedure and measured by an electron capture detector. 
This provides a method to determine individual aroclors, as well as total PCB 
content. 

There are currently no regulatory guidelines for PCB concentrations in stream 
sediment. The EPA acute criteria for the protection of  fish and aquatic life 
is 2.0 pg/L for PCBs. The data from these samples will be used to help detect 
sources of PCB contamination and provide a history of PCB concentrations in 
the OWL area. 

The concentrations of  PCBs in water during January-March 1989 were below the 
analytical detection limit at all sampling sites. Analyses were performed f o r  
seven aroclors of PCBs, all of which were below their detection limit. The 
detectian limit for PCB aroclors 1016, 1221, 1232, 1242, and 1248 is 0 . 6  pg/L. 
The detection limit for PCB aroclors 1254 and 1260 is 1.2 pg/L. Data from the 
water samples are not listed because all were below detection limits, 

The results from the total PCB analyses in sediment are shown in Fig. 8. Two 
locations had results above detection limits. WOC6 had a concentration of 
0.35 pg/g, and WOClO had a concentration of 0 .50  pg/g. All other locations 
were below detection limits. The data support findings from 1988 sampling, and 
suggest that PCB contamination originates primarily at ORNL buildings. WOC6 
and WOClO are the closest sampling locations downstream from the OWL 
buildings. 

3 . 4  MERCURY IN THE AQUATIC ENVIRONMENT 

During January through March 1989, monthly samples of surface water and stream 
sediment: in the Bethel and Melton valleys were analyzed for mercury content. A 
total of 267 surface water samples and 36 sediment samples were taken from 89 
surface water locations and 12 sediment locations (Figs. 9 and 10). This was 
done in compliance with the Clean Water Act and OWL’S National Pollutant 
Discharge Elimination System (NPDES) permit. The primary purpose of this 
effort is to identify, locate, and minimize all sources of mercury 
contamination in OWL discharges to the aquatic environment. 

In previous years, before stringent regulations came into effect, some 
contaminants reached various streams, primarily as the result of accidental 
spills or leakages. The majority of  the mercury spills occurred from 1954 
through 1963, during a period when OWL was involved with the OREX and 
METALLEX separation processes. Most of  this activity was in and around 
buildings 4501 ,  4505, and 3592 (Fig. 9). These processes are no longer in 
operation at ORNL. During the time o f  operation, an unknown number of mercury 
spills took place. The spills were cleaned up; however, quantities of mercury 
escaped and reached the surrounding environment. The sampling locations have 
been placed in areas surrounding known mercury spills. Sampling locations have 
also been placed near outfalls from building areas with a past history of  
mercury concern and outfalls from storage area, spill area, roof, and parking 
lot drains. Additional sampling locations have 
outfalls and drains to determine the extent to 
transported in the surface water and sediment. 

been placed downstream from the 
which any mercury is being 
The surface water sampling 
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locations are shown on Figs. 9 and 10. Many o f  the sediment locations are not 
currently shown on the map. These include: lSTUNW and MdTUlS, both of which 
are near the confluence of First Creek aid the Northwest Tribuary; MB2UWE, 
which is located at the Nelton Branch Middle Stream Sampling Site; MBUWQC and 
WQCKBS, which are located near the Lower White Oak Creek Sampling Site; 
WOCDPS, which is located near the confluence of White Oak Greek and First 
Creek; WOCHWS, which is located at the White Oak Creek headwaters sampling 
site; and WOCUST, which is located near the confluence of White Oak Creek and 
Fifth Creek. 

The surface water samples were collected by the manual grab method and placed 
in 1 - L  polyethylene bottles with polyethylene caps. The sediment samples were 
also collected by manual grab and placed in glass containers. The samples were 
analyzed for total mercury content by manual cold vapor atomic absorption. 

Table 53 shows the maximum, mintmum, and average concentrations in surface 
water for the period of  January through March 1989. The standard error of the 
mean is also included. The proposed Tennessee Water Quality Standard for the 
protection of  fish and aquatic life is 2 . 4  pg/L (ppb) for the acute criteria. 
The percentage TWQ column shows the average value as a percentage of this 
limit for each sampling location. The highest average values reported during 
this period were at 1-ocations 304 and 367. Sampling location 3 0 4 ,  near 
Bui.ldi.ng 3544-the Process Waste Water Treatment Plant, had an average 
concentration of 2.0 pg/L, which is 82% of the proposed fish and aquatic life 
standard limit. Sampling location 367, near Building 3036---the Isotopes Area 
Storage and Service Building, had an average concentration of 3.0 pg/L, which 
is 130% of the proposed standard. 

Table 54 shows the maximum, minimum, and average concentrations in sediment 
for the period of  January through March 1989. The standard error of the mean 
is also included. There is no established state OK EPA standard for mercury in 
sediment. The highest average values reported during this peri.od were at 
locations 2615TH and 362BOX. Sampling location 2615TH had an average 
concentration of 560 pg/g, which is higher than the other sediment samples 
during this time period. This location is downstream from the 3675TH water 
sampling point and reflects the high mercury levels found in the surface water 
at that point. Sampling location 362BQX had an average concentration of 160 
p g / g .  This sampling location is slightly farther downstream from 2615TH and 
a l s o  shows a relatively higher level of mercury than other sampling locations 
during this period. 
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Table 53. Mercury concentrations in surface water, January-March 1989a 

Concentration 
(pg/L) 

Number of Standard Percentageb 
Station samples Max Min Av error TWQ 

F i r s t  Creek 

14 1 
142 
143 
241 
243 
244 
246 
247 
248 
341 
342 
343 
344 
x12 

Stream 
sumnary 

1 6 1  
162 
163 
164 
2 6 1  
262 
265 
268 
361 
362 
36 3 
364 
365 
366 
367 
368 
x10 

S t re am 
summary 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
I 

42 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
I 

51 

<O. 050 
<O. 050 
<O. 050 
<O .050 
<O. 050 
< O .  050 
<o. 050 
<O. 050 
< O s  050 
<O . O S 0  
<O.  050 
< O .  050 
<O. 050 
<O .050 

<Of 050 

<O .050 
<O. 050 
< O .  050 
<O. 050 
0.50 

<O. 050 
<O .050 
<O. 050 
<o. 050 
<O .050 

0 .60  
<O .050 
<O. 050 
<O. 050 

3.7 
<O. 050 
<O. 050 

3 .7  

<O. 050 
<O. 050 
<O. 050 
<O.  050 
< O .  050 
10.050 
<O .050 
< O .  050 
<O .050 
<O. 050 
<O. 050 
< O .  050 
< O .  050 
<O .050 

<O .050 
<O. 050 
< O .  050 
<O. 050 
<O .050 
<O. 050 
<O. 050 
<O.  050 
< O .  050 

<O. 050 
< O .  050 

<O. 050 
<O. 050 
<O .050 

<O .050 <O .050 

< O .  050 
<O .050 
<O. 050 
<O. 050 
<O. 050 
<O.  050 
<O .050 
< O .  050 
< O .  050 
< O .  050 

0.30 
<O. 050 
< O .  050 
<O .050 

2 . 6  
<o. 050 
< O .  050 

F i f t h  Creek 

<O .050 
<Ow 050 
<O.  050 
<O. 050 
<O.  25 
<O. 050 

<O. 050 
< O .  050 
<O. 050 

0.50 
<O. 050 
< O .  050 
<0 ,050 

3 .0  
<O.  050 
<O ,050 

<0 .050 

<Q .050 < O .  26 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0.13 
0 
0 
0 
0 
0 
0.10 
0 
0 
0 
0.34 
0 
0 

0.10 

< 2 . 1  
<2.1 
<2.1 
< 2 . 1  
<2 .1  
< 2 . 1  
<2 .1  
< 2 . 1  
<2.1 
< 2 . 1  
<2.1 
< 2 , 1  
< 2 . 1  
< 2 . 1  

<2.1 

<2.1 
<2.1 
< 2 . 1  
< 2 . 1  

<2 .1  
< 2 . 1  
< 2 . 1  
<2.1 
< 2 . 1  
2 1  
< 2 . 1  
< 2 . 1  
<2.1 

< 2 . 1  
< 2 . 1  

< lo  
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Table 53 (continued) 

Concentration 

I . . .. . .. . . . 
( P g m  

Number of Standard Percentageb 
S t a t i o n  samples Kax Min Av error TWQ 

1 8 1  
281 
283 
3 8 1  
382 
383 
385 
386 
HDWTR 
MBS 
MHD 
XO 8 
xo 9 

Stream 
summary 

XO 3 

Stream 
summary 

101 
1 0 3  
106 
109 
116 
202 
204 
206 
207 
208 
209 
210 
216 
217 
21 8 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
__ 

42 

3 

3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

<O.  050 
<O ~ 050 
<O. 0 5 0  
< O .  050 
<O. 050 
< O .  050 
<O ,050  
<O .050  
<O. 050  
<O. 050 
<O. 050 
< O .  050 
<O.  050 

<O. 050 

<O. 050  

<0,050 

0.20 
<0. 050 
<O. 050 
<O. 050 
< O .  050 

0.70 
<O. 050 

1 .0  
0.20 

<O. 050 
<O .050 
<O. 050 
<O. 050 
<O. 050 
<O. 050 

Me1 ton Branch 

<O. 050 
<O .050  
<O. 050  
<O. 050  
<O. 050 
<O .050 
<o. 050 
<O. 050 
<O. 050 
<O. 050 
<O. 050 
<O. 050 
<o. 050 

<O. 050 
<o. 050 
<O. 050 
<O. 050 
<o. 050 
< O .  050 
<O. 050 
<O. 050 
<O. 050 
<O. O S 0  
<O. 050 
<O. 0 5 0  
<o. 050 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

< O .  050 < O .  050 0 

Northwest Tributary 

<o. 050 <O. 050 

< O .  050 < O .  050 

White Oak Creek 

0.10 
<O. 050 
<O. 050 
<O. 050 
<O .050 

0 . 5 0  
<O. 050 

0.30 
0.070 

<O. 050 
<O. 050 
<O. 050 
<o. 050 
<O. 050  
<O. 050 

0.13 
< O .  050 
<o. 050 
<O. 050 
<O. 050 

0.60 
<O. 050 

0 . 7 0  
0 .16  

<o. 050 
<O. 050 
<O. 050 
<o .os0 
< O .  050 
<O. 050 

0 

0 

0 .033 
0 
0 
0 
0 
0 058 
0 
0 . 2 1  
0.043 
0 
0 
0 
0 
0 
0 

<2.1 
<2.1 
<2.1 
<2.1 
< 2 . 1  
<2.1 
< 2 . 1  
<2.1 
< 2 . 1  
<2.1 
< 2 . 1  
< 2 . 1  
< 2 . 1  

< 2 . 1  

<2.1 

< 2 . 1  

5 . 6  
< 2 . 1  
< 2 . 1  
< 2 . 1  
< 2 . 1  
25 
< 2 . 1  
29 

6 . 5  
< 2 . 1  
<2.1 
< 2 . 1  
< 2 . 1  
< 2 . 1  
<2.1 
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Table 53 (continued) 

Concentration 

Number of Standard Percentage’ 

(/Lg/L) 

AV error WQ Station samples Max Min 

222 
223 
230 
232 
233 
234 
301 
302 
303 
3 04 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
7 5 0 0  
FLUME 
HDW 
LS c 
WQD 
xo 1 
XO2 
x04 
XO 6 
X07 
XI 1 

Stream 
summary 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
- 

138 

<O. 050 
<O .050 
<O. 050 
<O .050 
<O. 050 
(‘0.050 

0.050 
0.050 

<O. 050 
3.3 
0.10 

<O. 050 
<O. 050 
<0. 050 

0.70 
<O. 050 
<O. 050 
<O. 050 
<O. 050 
< O .  050 
<O. 050 

0.10 
<O. 050 
<o. 050 
<O, 050 
<O,  050 
<0,050 

0.10 
0.80 

10.050 
0.050 

3 . 3  

<0. 050 
<Q ,050 
<O. 050 
<O .050 
<O .050 
<Of 050 

0.050 
0.050 

<O .05O 
0.50 
0.050 

<O. 050 
40.050 
<O,  050 

0 .40  
<O .050 
<O .050 
<O. 050 
<O .05O 
<O .OS0  
KO. 050 
0.10 

<O. 050 
<O 050 
<O. 050 
<O .050 
<O .050 

0.10 
0.80 

<O .050 
0.050 

<O.  050 

40.050 
<O .050 
<O.  050 

<O .O50 
<O. 050 

0.050 
0.050 

<O. 050 
2.0  
0 .067 

<O. 050 
<O. 050 
< O .  050 

0.60 
<o. 050 
<O.  050 
<0. 050 
<O. 050 
<O. 050 
<O .05O 

0.10 
<O. 050 
<O.  050 
<O ,050 
<O ,050 
<O. 050 

0.10 
0.80 

CO. 050 
0.050 

<O ,050 

<O.  15 

0 4 2 . 1  
0 <2.1 
0 <2.1 
0 c2.1 
0 <2 .1  
0 x2.1. 
0 2 - 1  
0 2.1 
0 c2.1 
0.81 82 
0.017 2.8 
0 <2.1 
0 < 2 . 1  
0 < 2 . 1  
0.10 25 
0 <2.1  
0 c2.1 
0 <2.1 
0 <2.1 
0 <2.1  
0 < 2 . P  
0 4.2 
0 <2.1  
0 <2.1 
0 < 2 . 1  
0 x2.1 
0 <2 .1  
0 4.2  
0 33 
0 <2.1 
0 2.1 

0.031 q 6 . 4  

Ove ral1 
summary 276 3 . 7  <0 .050 <O .14 0.025 4 . 9  

%ee F i g s .  9 and 10. 
bPercentage of proposed Tennessee Water Quality Standards for the pro tec t ion  of 

fish and aquatic l i f e .  
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Table 54. Mercury concentrations in stream sediment, 
January-March 198ga 

.___ -- ..__ - 
Concentra t io t i  

lSTUNW 3 
NWTUlS 3 

Stream 
swnmary 6 

2615TH 3 
3625TH 3 
362BOX 3 

Stream 
summary 9 

MB2UWE 3 

Stream 
summary 3 

309WOC 3 
MBUWOC 3 
WOCD1S 3 
WOCHWS 3 
WOCMBS 3 
WOCU5T 3 

Stream 
sunmary 18 

F i r s t  Creek 

1 . 8  0 . 7 5  1.4 0.32 
0 . 3 9  0.17 0.27  0.064 

1.8 0.17 0.82 0.28 

F i f t h  Creek 

1100 82 560 3 10  

420 8 . 8  1 6 0  130 
26 17 2 3  2.8 

1100 8 . 8  248 1 3 0  

Me1 toil Branch 

0.051 0.046 0 . 0 4 9  0.0017 

0.051 0.046 0 . 0 4 9  0.0017 

White Oak Creek 

30 11 18 6 . 3  
0.10 0 . 0 5 8  0.0'76 0 . 0 1 2  
3 . 6  1 . 9  2 . 8  0 . 5 0  
0 . 1 8  0 .10  0.15 0 . 0 2 5  
3 . 0  0.24 1.3 0 . 8 6  
8.2 2 . 5  4 . 7 1.8 

30 0 . 0 5 8  4 .5  1 . 8  

Over al. 1 
summary 36 1.100 0.046 64 35 

aSee Figs. 9 and 1 0  
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3.5 GROUNDWATER 

Groundwater in waste area grouping (WAG) 6 is monitored to comply with Federal 
Regulation 40 CFR,  Part 265 and Tennessee's Hazardous Waste Management Rule 
1200-1-11.05 .for interim status facilities. Groundwater in WAG 1 is monitored 
to comply with 3004(u) of the Resource Conservation and Recovery Act (RCRA). 
Monitoring in both WAGs is necessary to meet data needs for remediation 
activities. WAGs are geographically contiguous and/or hydrologically defined 
areas, and each WAG contains small distinct drainage areas within which 
similar contaminants may have been introduced. A WAG may contain one or more 
Solid Waste Management Units (SWMUs). 

WAG 1 consists of an area covering much of the ORNL main site (Fig. 11). It 
contains many types of SWMU (tanks, ponds, waste treatment facilities, leak 
sites, spill sites, and landfills) listed by EPA in the definition of  a SWMU. 
A listing of  the type and number of sites within WAG 1 is given in Table 55. 
WAG 6 is located about 1.5 km southwest of the ORNL main site (Fig. 11). It 
consists of three SWMUs: (1) Solid Waste Storage Area 6 (SWSA 6 ) ,  (2) the 
Emergency Waste Basin, and ( 3 )  the Explosives Detonation Trench. SWSA 6 was 
opened for limited disposal in 1969, began full-scale operation in 1973, and 
it still receives radioactive wastes. In the course of its operation, SWSA 6 
has received a broad spectrum of  low-level waste (LLW) materials, including 
radioactive and chemical hazardous wastes. The Emergency Waste Basin was 
constructed as a temporary emergency diversion for process wastes. The basin 
has not been used since its construction was completed in 1962. The Explosives 
Detonation Trench is used for explosive and shock-sensitive chemicals 
requiring disposal. 

The wells in WAGs 1 and 6 are divided into 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 information about conditions within 
the site. Data from WAG 6 include all three types of wells, and data from 
WAG 1 include only upgradient and perimeter wells. 

Data summaries for WAG 1 for the sampling period ending during the first 
quarter of 1989 are presented in Table 56. Analyses for which no results were 
detected in any of the wells in the WAG were excluded from the summary tables. 
Table 57 is a summary of the wells in WAG 1, where several of  the primary 
drinking water standards were exceeded. Similar tables are given for WAG 6 
(Tables 58 and 59). The state of Tennessee guidelines require, for each well, 
four measurements of conductivity, pH, temperature, total organic carbon, and 
total organic halogens. In addition, per EPA guidelines, three field 
measurements (conductivity, pH, and temperature) are made during the course of  
sampling to ensure that the well water has remained stable. Thus, the number 
of  samples listed will be four or seven times the number of samples listed for 
the other contaminant indicators. Some additional samples, which were analyzed 
for cyanide, were run for one of the perimeter wells in WAG 1. 

Most parameters of interest were at low or undetectable levels during the 
sampling period. Exceedances of primary drinking water standards for WAG 1 all 
involved perimeter wells (Table 57) except coliform in well 816. WAG 1 
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1 0 1 2 
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Fig. 11. Location map of ORNL WAGS. 
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Table 55. Listing of WAG 1 sites by type 

Type of site Number of sites 

Collection and storage tanks (LLW) 
Inactive 
Active 

22 
21r 

Leak/spill sites and contaminated soils 
Radioactive 30 
Chemical 4 

Ponds and impoundments 
Radioactive 
Chemical 

Waste treatment facilities 
Radioactive 
Chemical and sewage waste 

Solid waste storage areas 
Radioactive 
Chemical and sewage waste 

6 
3 

2 
2 

3 
1 

Miscellaneous facilities 
'E Chemical and sewage waste I 

T o t a l  99 

9 3  
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Table 57. Groundwater sample analyses from monitoring wells in WAG 1, January-March 1989, 
whose values exceeded allowable concentrations under the primary drinking water 
standardsa 

Well 
identifier Parameter 

Units of Primary 
Concentration limitb 9 c measurement 

Perimeter We1 Is 

825 
811 
812 
812 
806 
830 
829 
830 

Fecal coliform 
Fluoride 
Gross alpha 
Radioactive strontium- totald 
Radioactive strontium- totald 
Radioactive strontium- totald 

Tritium 
Radioactive strontium-total d 

100 
3.8 
5.5 

2 . 9  
1.5 
0.97 

230 

1400 

Upgradient Wells 

1.0 
1.4  
0.56 
0.30 
0.30 
0.30 
0.30 

740 

816 Fecal coliform 20 1.0 CO1/100 mL 

%3tandards are based on State of Tennessee Hazardous Waste Groundwater Regulations or EPA 
Federal Drinking Water Standards where no state standard exists. 

bSafe Drinking Water Act-National Primary Drinking Water Regulations, 40 CFR 141, as amended. 
=State of Tennessee Hazardous Waste Re ulations TN 1200-1-11-05, Appendix OS,%. 
dRadisactive strontium- total (89Sr + 9'sr) . 
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Table 58 (continued) 

Parameter 

Number 
of Value Value 

samples Min qualifier b AV Max qualif ierb 

Miscellaneous 
Alkalinity (as CaC03) 
Turbidity, NTU 

Pesticides, mg/L 
PCB - 1254 

Radioactivity measurements, Bq/L 
6OCO - * -  

L31Gs 
0' ~ r o s s  alpha 

Gross beta 
Radioactive strontium-totalc 
Radium-total 
Tritium 

VI 

Extractable organics, mg/L 
Di-n-butylphthalate 
Diethyl phthalate 
Naphthalene 
Organic carbon-total 
Organic halides-total 

8 
8 

8 

8 
8 
8 

32 
32 

Site Characterization We1 Is 

150 
0.53 

340 610 
9 . 7  62 

0.0010 J 0.0011 0.0011 u 

-0.80 
0.010 

- 0.010 
0,030 

-0.035 
0 

110 

6. Oil u 
0.011 U 
0.011 u 
0.60 
0.0050 U 

-0.065 0.60 
0.17 0.30 
0.016 0.029 
0 . 2 2  1.1 
0.047 0.21 
0.013 0 025 

15,000 74,000 

0.011 0. Oli u 
0.011 0.011 U 
0.066 0.45 E 
3.4 10 
0.25 2 . 1  
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Table 59.  Groundwater sample analyses from monitoring wells in WAG 6 ,  January-March 1989 ,  
whose values exceeded allowable concentrations under the primary drinking water 
s t andar dsa 

Well 
identifier Parameter 

Primary Units of 
Concentration limi tb 9 c measurement 

852 
8 50 
852 
850 
852 
850 
849 
849 
848 
849 
854  
852  
845 
851 
850 
849 

r 
P 
P 

842 

841 
843 
842 

a42 

Barium-dissolved 
Barium-dissolved 
Barium-total 
Barium-total 
Benzene 
Benzene 
Benzene 
Trichloroethene 
Tritium 
Tritium 
Tritium 
Tritium 
Tritium 
Tritium 
Tritium 
Vinyl chloride 

Garb on te t rachlor ide 
Trichloroethene 
Trichloroethene 
Tritium 
Tritium 

S i t e  Characterization Wells 

2.7 
1.1 
2.6  
1.1 
0.096 
0.020 
0,007O 
1.1 

74,000 
38 I 000 

5 ,600 
1 ,900 
1 I 500 
1 ,500 
1,100 

0.063 

Perimeter We2 1 s 

0.086 
0 . 3 6  
0.0090 

46,000 
21,000 

1 . 0  
1.0 
1 . 0  
1 . 0  
0.0050 
0.0050 
0,0050 
0.0050 

740 
740 
740 
740 
740 
740 
740 

0.020 

0.0050 mG/L 
0.0850 mG/L 
0.005O mG/L 

740 Bq/L 
740 Bq/L 
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k
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perimeter well number 811 tiad a fluoride level that exceeded the state limit 
(1.4 to 2 .4  mg/L) but not the federal limits of 4.0 mg/L. Perimeter well 825 
exceeded the limit for fecal coliform. Exceedances were also recorded for 
gross alpha at perimeter well 812 and tritium at perimeter well 838. A notable 
strontium exceedance occurred at perimeter well 812 (located just northwest of 
Building 20691, and much lower strontium exceedances occurred at perimeter 
wells 8 0 6 ,  830, and 829. 

Exceedances of the primary drinking water standard at WAC, 6 are summarized in 
Table 59. For WAG 6 site characterization wells, total and dissolved barium 
exceeded the primary drinking water limit at wells 850 and 85%. Tritium 
exceedances were recorded at wells 8 4 5 ,  8 4 8 ,  849 ,  8 5 0 ,  8 5 1 ,  852, and 8 5 4 .  The 
tritium concentrations at wells 848 and 849  were especially high, being more 
than an order of magnitude greater than the primary drinking water limit. The 
level in well 8 4 8 ,  however, was less than half the value obtained in the 
previous two quarters. This apparent reduction in tritium concentrations may 
have been the result of the capping of several trench areas that was completed 
prior to this quarter of sampling. A plastic cover had been placed down in the 
area around this well and may have been instrumental in this decrease. Further 
monitoring will help to confirm if tritium levels are actually decreasing at 
this location. For organic parameters, benzene exceeded the EPA primary 
drinking water limit in site characterization wells 849, 850, and 852. Vinyl 
chloride and trichloroethene also exceeded the limits in well 8 4 9 .  

Seven perimeter wells from WAG 6 had tritium exceedances of the primary 
drinking water limit during this quarter. Tritium concentrations at wells 842 
and 843 were by far the highest of the perimeter wells but still only about 
half that of the two highest tritium concentrations for the site 
characterization wells (wells 848 and 849). Two adjacent perimeter wells 
contained organics in excess of the EPA primary drinking water standards. Well 
842  exceeded the standards for carbon tetrachloride, trichloroethene, and 1,2- 
dichloroethane, a breakdown product of trichloroethene. Well 8 4 1 ,  a deeper 
well immediately adjacent to well 8 4 2 ,  exceeded the standard for 
krichloroethene. The level of trichloroethene in well 841, the deeper well., 
was less than 3% of the level in well 8 4 2 .  

No exceedances of the EPA primary drinking water limits were noted in any of 
the upgradient wells. 
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4 .  METEOROMGICAL PROCESSES 

4.1 GENERAL 

Meteorological processes are continuously monitored at Oak Ridge National 
Laboratory (OWL) so that current weather conditions may be taken into account, 
as needed, in response to emergencies that may arise. Weather records are also 
kept for climatological 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. 

4.2 W I N D  

The OKNL wind tower network consists of towers A and B, each having sensors 
mounted at 10 and 30 m, and tower C, having sensors mounted at 10, 30, and 108 
meters. Locations of  these towers are shown in Fig. 12. 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 h. These velocities are processed into 15-min 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 
conventionally calculated vector sum of the individual velocities. A similar 
calculation is used to convert the 15-min averages into hourly averages. The 
15-min averages are retained for 1 d, and the hourly averages, from which wind 
roses in Figs. 13-19 are obtained, are stored for at least 1 year and eventually 
archived. 

Examination of quarterly wind roses reveals that the prevailing winds are almost 
equally split into two directions that are 180" 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 steadi1.y from ground level 
to 100 m. 
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- ly l~ 89-9137 

with 89.3% of possible data 

Fig. 13. Wind rose at 10-m level of meteorological tower A ,  
January-March 1989. 

-UtG 89-9138 

with 89.4% of possible data 

Fig. 14. Wind rose at  30-m level o f  meteorological tower A ,  
January-March 1 9 8 9 .  
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ORHE-lXE 89-9139 
with 89.6% of possible data 

Fig.  15 .  Wind rose at 1 0 - m  level of meteorological  tower B ,  
January-March 1989. 

N 

6% of possible data 

W 

S 22.41 
mph 

F i g .  1 6 .  WLnd rose at 30-m level of meteorolagical tower X ,  
January-March 1989. 
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OlWrOe -9lat 
with 73.7X of posdbh data 

Fig. 17. Wind rose at 10-m level of meteorological tower C, 
January-March 1989. 

Fig. 18. 
January-March 1989 

Wind rose at 30-m level of meteorological tower C, 

N - -9143 
with 81.1% of possible data 

Y 

S 22.4 
mPh 

Fig. 19. Wind rose at 100-m level of meteorological 
January-March 1989. 
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5 .  BIOLOGICAL MONITORING-MILK 

Measured average concentrations of total radioactive Sr (assuming 100% 90Sr) and 
I3lI in milk from each location were used to calculate the potential 50-year 
committed effective dose equivalents given in Tables 60 and 61. This calculation 
is based on the assumption that 1 L/day of milk is ingested of these 
concentrations for 365 days. Doses resulting from ingestion of milk were less 
than 1% of DOE'S guideline of 1000 pSv. 

Raw milk from four locations including one dairy, within a radius of 80 km of  
Oak Ridge, is monitored for '1311 and total radioactive strontium. Samples are 
collected every two weeks from the stations located near the Oak Ridge area (Fig. 
20). Samples were not collected at the Solway station because the sample source 
(a cow) was pregnant. Two other stations are more remote with respect to the Oak 
Ridge facilities and are usually sampled semiannually (Fig. 21). Samples are 
analyzed for I3lI by gamma spectroscopy and for total radioactive strontium by 
chemical separation and low-level beta counting. 

Instrument background values are subtracted from the measured values o f  I3lI in 
milk samples, and actual results are reported. Values of 1311 for the first 
quarter were often less than instrument background, as is indicated by negative 
values in Table 6 0 .  

Concentrations of total radioactive strontium are shown in Tab1.e 61. The average 
concentration of total radioactive strontium at the stations in the immediate 
Oak Ridge area was 0.11 Bq/E. 

One of the important pathways for movement of radionuclides from environmental 
media to man is through the atmosphere to pasture to cow to milk food chain. 
Strontium- 90 and 1311 are radionuclides that are especially important in this 
terrestrial food chain. 
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ORNL DWG 85-982135 

MILK SAMPLING 

DOE FACILITIES 

MUNICIPALITIES 

BROADACRE 
DAIRY 
2 

’ MIDWAY 

Fig. 20. Location map of milk sampling stations neay 
the Oak Ridge Facilities. 

O l N L - D W O  18-9101 

J L L C I U )  
0 

LEGEliiD 

MiLK 

Fig. 21 Locations of milk sampling stations remotie 
from the Oak Ridge facilities. 
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Table 60. Concentrations of l3II in milk and calculated doses,a 
January-March 1989 

Concentration 
(Bq/L) 

Number of Standard Dose 
Station samples Max Min Av error (PSV) 

Network 
summary 

51 
53 

Network 
summary 

Immediate envirorisC 

6 0.080 - 0.020 0.015 
7 0 .050 0.010 0.029 
7 0.020 -0.020 0.0023 
7 0.060 -0.010 0.017 

27 0.080 -0 .020  0.016 

d Remote environs 

1 0.050 0.050 0.050 
1 0.010 0.010 0.010 

2 0.050 0.010 0.030 

0.015 0.075 
0.0070 0 .14  
0 .0065 0.011 
0.010 0.085 

0 a 0050 0 .079 

0 .25  
0 .050  

0 .I 020 0.15 

ellaw milk samples; station 2 is a dairy. 
bPotential 50-year committed effective dose equivalents from drinking 

365 L of milk per year using average radionuclide concentrations at each 
location. 

CSee Fig. 20. 
dSee Fig. 21. 
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Table 61. Concentrations of total radioactive strontium in milk 
and calculated doses,a January-March 1.989 

Concentration 
(%/E) 

Number of Standard Dose 
Station samples Max Min Av error W V )  

Tmmed i a t e envi runs 

1 6 
2 7 
3 7 
4 7 

Network 
summary 27 

5 1  1 
53 1 

Network 
summary 2 

0 . 1 1  
0.18 
0.14  
0.46 

0.46 

0.068 
0 011 

0.068 

0 , 0 4 8  0.085 
0.0030 0.055 
0.061 0.10 
0.010 0 . 2 1  

0.0030 0.11 

Remote environs d 

0.068 0.068 
0.011 0.011 

0.011 0.040 

0 .011  1.1 
0 . 0 2 2  0 . 7 1  
0.011 1 , 3  
O.OS8 2 . 7  

0.020 1. . 5 

0 . 8 7  
0.14 

0.029 0 . 5 1  

"Raw milk samples; station 2 is a dairy. 
bPotential 50-year committed effective dose equivalents from drinking 

365 L o f  milk per year using average radionuclide concentrat1ions at each 
location. All strontium is assumed to be "Sr. 

"See Fig. 20. 
dSee Fig. 21. 
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