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ABSTRACT 

A study was made to estimate the radiological impact (i.e., the 

potential doses) for individual waste management areas at the Oak Ridge 

National Laboratory and to rank the areas for remedial action based on 

the off-site doses that result from these discharges co White Oak 

Creek. 

Dose estimates are given for the drinking water pathway based on 

known discharges from White Oak Dam. Estimates are also made of doses 

for eating fish caught in the Clinch River near the confluence w i t h  

White Oak Creek. 

discharges of "Sr, 3H, 137Cs, and 6oCo from individual waste management 

areas are presented. A qualitative assessment is presented, and areas 

are ranked for remedial investigation based on the available 

information. 

The results of a search for data concerning the 

xi 





1. INTRODUCTION AND SUMMARY 

Discharges and seepage of radioactive materials to surface streams 

result from current operations and residual effects of past activities 

at the Oak Ridge National Laboratory (ORNL). New regulatory requirements 

make it necessary to assess the effectiveness of the ORNL waste disposal 

units and to determine the need for corrective action. 

The objectives of this subtask under the Remedial Action Program 

are to estimate the radiological impact (i.e., the potential doses) for 

the individual waste management sites or areas and to rank the sites for 

remedial action based on the doses. This study concerns the off-site 

dose to the general public resulting from current discharges to surface 

streams in the White Oak Creek watershed. 

Estimates of the 50-year dose commitment to a maximally exposed 

individual were calculated for the drinking water pathway of exposure 

based on known 1984 and 1985 releases at White Oak Dam. For drinking 

the water at White Oak Dam (the site boundary), the effective total-body 

dose was about 45 mrem. White Oak Creek is not a drinking water source; 

this is a worst case assumption. After dilution (assuming complete 

mixing), the effective total-body dose commitment from drinking Clinch 

River water near the confluence with White Oak Creek was -0.15 mrem 

based on discharges in 1984 and 1985. The highest organ dose is to the 

bone. For drinking the water at White Oak Dam the bone doses were 132 

and 208, respectively, based on discharges in 1984 and 1985. The bone 

doses from drinking Clinch River water at the confluence with White Oak 

Creek were 0 . 4  and 0.7 mrem, respectively. 

The year 1984 was relatively representative for discharges of  

radioactive materials to surface streams. Precipitation was closest to 

the average of recent years, and operating releases were relatively 

stable. The 1985 releases were not typical because (1) the break in the 

low-level waste (LLW) servicing Building 3074 and the spill from the 

ventilation filter pit at Building 3517 resulted in higher-than-normal 

90Sr releases from the central OWL complex in Bethel Valley, and (2) 

the precipitation was below normal, reducing seepage from the solid 

waste storage areas (SWSAs). 

1 
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The ORNL Department of Environmental Management (DEN) collects and 

analyzes fish from the Clinch River. 

effective total-body in 1985) are from eating fish caught near the 

confluence with White Oak Creek. 

The highest doses (-1 mrem 

The nuclides that are important as source terms were defined based 

on the dose calculations for the total discharges measured at White Oak 

Dam. Major contributors to the effective total-body dose from drinking 

water are 3H (-70% and -50% for 1984 and 1985, respectively) and 90Sr. 

For  eating fish caught in the Clinch River near the confluence with 

White Oak Creek, 137Cs contributes 60-90% of the effective total-body 

dose (varies with species), and 90Sr contributes most of the remainder. 

Strontium-90 is the major contributor to the bone dose (the maximum 

organ dose) via either pathway. Cobalt-60 is a relatively minor 

contributor to the off-site dose. 

A search for data concerning releases from the individual waste 

management sites included examining the files of the OWL Operations 

Division and DEM, a literature survey, and discussions with OWL staff 

members. 

Monitoring for "Sr has been conducted routinely since 1979, using 

continuous flow-proportional samplers at several stations in the White 

Oak Creek watershed. 

averaged over a time period long enough to give a representative 

picture, although the data are primarily by area rather than for 

individual sites. 

period 1979-84 were undefined (or uncontrolled) sources in the central 

ORNL site (Bethel Valley), 31%; solid waste storage area (SWSA) 4, 31%; 

and SWSA 5, 24%. A surface water diversion system was installed at SWSA 

4 in late 1983. Monitoring studies in 1984 indicated that this system 

reduced the total flux from SWSA 4 by about 35%. If this trend 

continues, 90Sr discharges from SWSA 4 would be a little lower than from 

SWSA 5. 

the pits area, and the branch draining the 7500 area (Homogeneous 

Reactor Test, etc.) were respectively 5.5, 4.4, 0 . 4 ,  and 0.5 mCi/cm of 

precipitation for the period 1979-1984. 

spills, and releases from undefined (or uncontrolled) Bethel Valley 

sources were about four times the norm. 

A relatively extensive data base for "Sr is 

The major contributors of "Sr releases during the 

On an annual basis, the 90Sr discharges from SWSA 4, SWSA 5, 

In 1985 there were two 90Sr 
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Source term data for 3H, 137Cs, and 6oCo by waste management area 

are limited. Some streams were analyzed in 1985, but the data packages 

are not complete, and, as noted previously, 1985 was not a typical 

year. 

calculations by waste management site or area can be made. 

thought that most of the 3H comes from SWSA 5. 

137Cs (of sources monitored) was the process waste treatment plant 

effluent. 

retained in the settling basin. In the monitored streams, the process 

waste treatment plant effluent contributed about 60% and Melton Branch 

sources about 40% of the 6oCo.  

Additional source term data are needed before the dose 

It is 

The major source of  

An estimated 60% of the 137Cs inflow to White Oak Lake was 

A qualitative dose assessment was made based on the available 

information. Of the known discharges, the following waste areas are the 

largest active sources of the environmentally significant radionuclides: 

la. Central ORNL site in Bethel Valley 

(undefined or uncontrolled sources), 

lb. SWSA 5 ,  

2a. SWSA 4 ,  and 

2b. Process waste treatment plant effluent. 

For the purpose of reducing the off-site dose to the general public via 

aquatic pathways, these are the priority areas for remedial investiga- 

tion. The other waste management areas are small sources by comparison. 

The report includes a brief description of the waste areas, the 

existing environment, and the surface water transport pathways (Sect. 

2). The dose calculations f o r  current releases from White Oak Creek t o  

the Clinch River and identification of the environmentally significant 

radionuclides are discussed in Sect. 3 .  The survey and evaluation of 

radionuclide releases from various waste management areas to White Oak 

Creek is presented in Sect. 4 .  Much of the material in this section is 

based on data compiled from the DEM and Operations Division files. 

Comparisons with historical data are included for "Sr and 3H. 

detailed tables and figures with supporting data are given in the 

Appendix. The report provides a reference data base for evaluating the 

effectiveness of remedial measures that might be undertaken. The 

qualitative dose assessment and ranking of areas for remedial 

investigation are discussed in Sect. 5. 

More 
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T h i s  study does n o t  address de~ommissioning/closure of waste 

management areas,  the intruder, or worker exposure to radiation. 



2. BACKGROUND 

The Oak Ridge National Laboratory (QRNE) is a national energy 

laboratory, with its major mission being the development o f  safe, 

economic, and environmentally acceptable technologies for efficient 

production and use of energy. Laboratory facilities consist of nuclear 

reactors, chemical pilot plants, research laboratories, radioisotope 

production laboratories, and support facilities. The central OKNI, site 

and most satellite areas, including the burial grounds, lie in the 

watershed of White Oak Creek (WOC), a small tributary of the Clinch 

River. The WOC watershed has received treated and untreated effluents 

from Laboratory activities since 1943. Controlled releases include 

those from the process waste treatment plant (PWTP), the sewage 

treatment plant (STP) ,  and a variety of  process waste holdup ponds 

scattered throughout the ORNL complex. The WOC also receives discharges 

from nonpoint sources such as  solid waste storage areas (SWSAs) ,  the 

liquid waste seepage pits and trenches area (closed in the mid  OS), 

leaking ponds, leaking waste transfer pipes, contaminated pipe trenches, 

and other sources contaminated by leaks and spills over the years. 

A brief description of the existing environment is presented here 

to enhance understanding of the surface water transport pathways. 

2.1 SURFACE STREAM DESCRIPTION AND USE* 

The WOC drains an area of  17 km2 in Bethel and Melton Valleys (Fig. 

2.1). The mouth is at Clinch River kilometer (CRK) 3 3 . 5 .  The Clinch is 

part of the Tennessee River watershed and is controlled by the operation 

of  Tennessee Valley Authority dams. 

The WOC originates from springs on the forested slopes of Chestnut 

Ridge and flows southwest through Bethel Valley. Knox dolomite and 

Chickamauga limestone (water bearing formations) underlie these two 

areas, respectively. Discharge from the Knox is the main source o f  the 

*Much of the material contained in Sect. 2.1 (Surface Stream 
Description and Use) was abstracted from the environmental analysis by 
Boyle et a1.l This report should be consulted for more detailed 
information and a complete listing of reference sources. 

5 
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ORNL-DWQ 80-8446 

km I 

Fig. 2.1. White Oak Creek watershed. 

base  f low.  A f t e r  f lowing  through t h e  c e n t r a l  ORNL s i t e ,  t h e  c r e e k  

p a s s e s  through a gap i n  Haw Ridge (Rome format ion)  and e n t e r s  Melton 

V a l l e y ,  under  whi.ch l i e s  Conasauga s h a l e .  These format ions  c o n t r i b u t e  

l i t t l e  t o  t h e  c r e e k ’ s  base  f l o w .  A f t e r  p a s s i n g  Haw Ridge,  WOC is  j o i n e d  

by i t s  major t r i b u t a r y ,  Melton Branch, which i s  t h e  d ra inage  basin of  

t h e  QRNL f a c i l i t i e s  i n  Nel ton  Va l l ey .  Flow r a t e s  of WOC just above t h e  

conf luence  w i t h  Melton Branch v a r y  from a maximum of  18 .2  m /s  t o  a 3 
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minimum of  zero, the average being 0.27 m 3 / s .  

substantially augment the dry weather flow. 

The OWL plant discharges 

Flow rates of Melton Branch 
vary from a maximum of 6.85 m 3 /s to zero, averaging 0.07 m3/s. 

The waters of WOC and its tributaries are impounded by a dam 1 km 

above the mouth of WOC. White Oak Lake is a small shallow impoundment 

that functions as the final settling basin for waste effluents. The 

normal lake level creates a pool surface area of  approximately 9.8 ha 

(24  acres) with approximately a 2-d retention time. 

floodgates to allow temporary impoundment of flow in the event of an 

accidental spill. 

water quality. 

The structure has 

The discharge is monitored continuously for flow and 

The average flow in WOC at the dam is 0 . 3 8  m3/s. 

Water levels and flow in the WOC embayment below White Oak Dam are 

largely controlled by the operation of Melton Hill Dam, 3 . 7  km upstream 

on the Clinch River, and Watts Bar D a m ,  about 94 km downstream on the 

Tennessee River. During summer months (mid-April through October), 

Watts Bar Reservoir’s pool creates a backwater that extends upstream to 

White Oak Dam. During the winter months the embayment resembles a large 

mudflat. Power is not generated continuously at Melton Hill Dam, so 

water flow in the Clinch is pulsed. A s  a result, daily fluctuations in 

water levels and flow (including reversals) occur in White Oak 

Embayment. 

The average Clinch River flow at Melton Hill Dam between 1969 and 

1979 was 150 m3/s. 

134 m3/s. 

days; the average number of days per year of no flow is 13. 

The average summer (June-September) discharge was 

Periods of no flow over the dam have lasted as long as 29 

Major uses of surface water in the OWL area include withdrawals 

for industrial and public supplies, navigation, and recreational activi- 

ties such as fishing and swimming. There are several water withdrawals 

from surface sources for industrial and public water supplies within a 

32.2-km radius of OWL; the closest withdrawals downstream of the out- 

fall of White Oak Dam are at the Oak Ridge Gaseous Diffusion Plant (CRK 

2 3 . 3 )  and Kingston, located 10.4 river km and 34 .1  river km, 

respectively, from ORNL. The intake to the Kingston water filtration 

plant is located on the Tennessee River about 0.6 river km upstream from 

the confluence o f  the Clinch and Tennessee Rivers. Normally, Tennessee 



River water is used, but backflow can occur under certain conditions of 

power generation. Under backflow conditions, Clinch River water may 

move upstream in the Tennessee River and be used as the source of water 

for the Kingston filtration plant. 

Recreational surface water uses include boating, fishing, 

waterskiing, and swimming. Two public boat docks are located in the 

vicinity of Melton H i l l  Dam. Most swimming and waterskiing activity 

takes place above Melton Hill Dam at public facilities. These areas 

above the dam are not affected by discharges f r o m  WOC. No quantitative 

data are currently available on the number or amount of fish taken for 

human consumption from the Clinch River in the tailwater area below the 

dam. 

2.2 GROUNDWATER DESCRIPTION AND USE* 

The base flow of the surface water of the WOC watershed is main- 

tained primarily by groundwater discharge and the discharge of process 

streams from ORNL facilities. The nature and extent of an aquifer are 

determined by the character, distribution, and structure of the bedrock 

and the overlying soil, as well as by the size, shape, and continuity o f  

the interstices. 

The four major geologic zones of the ORNL area mentioned earlier 

differ somewhat in their groundwater characteristics and capacity. Of 

the four groups, only the Knox do1.omite has any extensive water storage 

capacity. This storage usually occurs in solution cavities that may be 

quite large in some instances and may frequently result in springs, as 

seen in the headwaters o f  WOC. The water storage capacity o f  the Rome 

formation, Conasauga shale, and Chickamauga limestone is small and 

occurs primarily along .joints and bedding planes. Most wells in these 

formations typically have flows less than 0 . 0 4  m /min. 3 

Groundwater flow in the weathered residual soil on the ORNL site 

basically follows water table conditions. Groundwater levels parallel 

*The material in Sect. 2.2 (Groundwater Description and Use) was 
abstracted from the environmental analysis by Boyle et al. ,’ the site 

These reports should be consulted for more detailed information and a 
complete listing of refer, nnce sources. 

data compilation by Fitzpatrick,2 and the compilation by Nix et al. 3 
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topographic contours, and the water movement is from areas of high 

elevation to areas of low elevation. However, the direction of movement 

in the underlying bedrock is influenced strongly by directional 

variations in permeability. In the Chickamauga limestone underlying 

Bethel Valley, groundwater moves through small solution channels and is 

essentially a subdued replica of the topography. 

such that drainage at and below the surface of the Bethel Valley site 

apparently converges to feed WOC and White Oak Lake. An exception to 

this situation occurs in the western end of the Bethel Valley site where 

groundwater west of  a groundwater divide flows west into the Raccoon 

Creek drainage basin rather than into WOC. 

ment in the Conasauga shale o f  Melton Valley have suggested that the 

primary direction of groundwater movement parallels the strike. 

The lay of the land is 

Studies of groundwater move- 

Groundwater discharge is through evapotranspiration, springs, and 

streams; it contributes to the base flow of surface streams that 

ultimately augment the Clinch River water supply. 

River lies at the basal level of the zone of saturation, and ground- 

water from both sides of the channel enters the river. 

believed that groundwater flow does not pass beneath the Clinch River 

except in cases where extensive well pumping may lower the water t ab le .  

The bed of the Clinch 

It is commonly 

Depth to the water table varies according to the location and the 

time of year. At a given location, the depth to the water is generally 

greatest during the October-December quarter and least during the 

January-March quarter, corresponding to periods of minimum and maximum 

precipitation. In Bethel Valley, the depth to the water table ranges 

from 0.3 to 11 m, whereas in Melton Valley the range is from 0 . 3  to 

20 m. 

Although the major portion of industrial and public drinking water 

supplies in the Oak Ridge area is taken from surface water sources, 

there are numerous single-family wells in adjacent rural areas, Of the 

domestic wells located within 16 km of ORNL (listed by the Tennessee 

Department of Conservation, Division of Water Resources), most are south 

of the Clinch River.' 

central portion of Roane County are from 10 to 16 km from OWL. Four 

industrial and three public groundwater supplies are located within 16 

Those north of the Clinch River in the north 



km of  ORNL. 

reservation to offsite wells is thought to be low, particularly 

migration to wells south of the Clinch River and those upgradient from 

the site. 

The probability of groundwater migration from the 

A n  extensive investigation of the groundwater characteristics 

involving drilling a number of additional monitoring wells is currently 

in progress. 

2.3 CLIMATIC FACTORS 

Precipitation, the driving mechanism of the hydrologic system, is 

plentiful on the Oak Ridge Reservation. Precipitation establishes the 

quantity and variation in runoff and stream flow and also replenishes 

the groundwater system. 

wastes and the transport of  contaminants from nonpoint sources to the 

creek as well as the transport of  contaminated sediments in the creek 

and White Oak Lake. 

These factors affect the leaching of buried 

Long-term meteorological data (1948 to present) are available from 

the National Oceanic and Atmospheric Administration (NOAA) weather 

station in Oak Ridge townsite, about 11 km from the central ORNL site in 

Bethel Valley and about 13 km from the Melton Valley burial grounds. 

The record mean annual precipitation at townsite is 138.8 em ( 5 4 . 7  in.) 

(Ref. 4 ) .  The winter months, the months of highest rainfall, are 

characterized by passing storm fronts. Winter storms are generally o f  

low intensity and long duration. 

J u l y  (or sometimes August), when short, heavy rains associated with 

thunderst;orms are common. The annual precipitation for the period 

1976-85 and the long-term monthly mean precipitation at the NOAA station 

are given in Tables 2.1 and 2.2. Monthly precipitation data at O W L  and 

N O M  townsite stations for the period 1972-86 are presented in the 

appendix (Tables A.1 and A.2). 

Another peak in rainfall occurs in 

Loss of water to the atmosphere by evapotranspiration is about 

76 cm (30  in.) annually, or about 55% of the total annual 

precipitation. Evapotranspiration is at a maximum f r o m  July to 

September, during the vegetation growing season. Seasonal relationships 

between evapotranspiration and precipitation are reflected in seasonal 



T a b l e  2.1. Annual p r e c i p i t a t i o n  a t  NOAA 
Oak Kidge t o w n s i t e  s t a t i o n ,  1976-85a 

P r e c i p i t a t i o n  
Year (cm) 

1976 135.5 
1977 159.4 
1978 123.0 
1979 170.9 
1980 101.9 
1981 108.2 
1982 152.5 
1983 121.1 
1984 143.6 
1985 118.8 

Record mean 138.8b 

aB. Hicks (NOAA) , p e r s o n a l  conmuni- 

bPe r iod  of r e c o r d ,  January 1948- 

c a t i o n  t o  M. B. S e a r s ,  June 4 ,  1986. 

December 1984. 

Tab le  2.2. Average rnonthly and t o t a l  
y e a r l y  p r e c i p i t a t i o n  at NOAA 
Oak Ridge t o w n s i t e  s t a t i o n a p b  

Month 
P r e c i p i t a t i o n  

( C d  

J anua ry  
Februa ry  
Ma r ch 
A p r i l  

June  
J u l y  
Augus t 
September 
October  
No vernbe r 
December 

May 

T o t a l  

13.39 
12.04 
15.06 
10.92 
11.20 
10.29 
13.67 

9.37 
9.12 
7 . 7 7  

11.92 
14.12 

138.84 

aB.  Hicks (NOAA) , p e r s o n a l  communi- 

b P e r i o d  of r e c o r d ,  January 1948- 

c a t i o n  t o  M. B. S e a r s ,  June 4 ,  1986. 

December 1984. 
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patterns of runoff to streams. 

evapotranspiration is low and precipitation is high. 

lost as evapotranspi-ration or quick runoff to streams percolates through 

the soil and eventually recharges the groundwater system. 

Runoff is greatest in winter, when 

Precipitation not 

2.4 KADIOACTIVE WASTE AREAS 

Radioactive solid wastes have been buried in the vicinity of OWL 

since 1943. Other sources o f  radioactive contamination include the 

settling basins, impoundments, and seepage pits and trenches of the 

liquid waste systems. 

2.4.1 splid Radioactive Wastes* 

By 1983, an estimated 1.9 x 105 m 3 of solid radioactive waste had 

been placed in six burial areas. The largest volume consists of 

radioactive wastes o r  "laboratory trash" that is either known or 

suspected to be contaminated. Contaminated equipment, machinery, tools, 

tanks, and other items that cannot be economically decontaminated are 

disposed of as waste. Other potential high-volume sources of solid 

waste are soil, concrete, and various building materials that have 

become contaminated. Little is known about the radiological 

characteristics for much of the waste buried before 1971. 

peri-od, from 1955-63, OWL served as the Southern Regional Burial Ground 

for low-level waste (LLW). 

During that 

The disposal methods that were used are similar to methods used in 

sanitary landfill operations; waste was placed in unlined trenches and 

covered with approximately 60 cm o f  soil. Current practice is to cover 

waste with about 90 cm of soil. In some areas, trenches containing 

alpha- contaminated materials were covered with concrete. Higher- 

activity solid wastes were disposed o f  in auger holes and covered with 

_p I 

*The material in Sect. 2 .4 .1  (Solid Radioactive Wastes 
abstracted from the environmental analysis by Boyle et al.' z z i  reviews 
of the solid radi-oactive waste areas by Oakes and Shank6 and by 
Wehster. I These reports should be consulted fox. more detailed 
i n f  ormat i.on . 
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concrete. Current practice is to use box-like concrete culverts on 

concrete bases for LLW burial. Transuranic (TRU) waste was formerly 

buried in separate trenches and covered with concrete, but since 1970 it 

has been placed in metal or concrete containers in retrievable storage 

at SWSA 5 .  

The land use, service dates, and estimated radionuclide inventories 

of the SWSAs are summarized in Table A.3. (A location map, Fig. 4.1, is 

given in Sect. 4 . )  The sites for the first three SWSAs, selected 

primarily for convenience and ease of digging, were located in Bethel 

Valley. As the volume of waste grew, more attention was paid to site 

selection. SWSAs 3 - 6  were sited in Melton Valley, which is underlain by 

Conasauga shale (a material with desirable ion exchange properties). 

The use of the SWSA 2 site was later found to be incompatible with the 
long-range planning at O W L .  

and reburied in SWSA 3, but there is some question whether all of it was 

removed. 

Most of the waste in SWSA 2 was removed 

2 . 4 . 2  Liquid Radioactive Waste Svstems and Areas 

A variety of  collection ponds, settling basins, impoundments, and 

seepage pits and trenches that are associated with past and present 

liquid waste systems are potential sources of contamination to WOC. 

status (active or inactive), approximate capacities, and estimated 

radionuclide inventory of  these facilities are summarized in 

Tables A.4-A.6. Most of  the liquid waste basins are unlined. (The 

locations of some of  these facilities are given in Figs. 4 . 1  and 4 . 2 ) .  

When ORNL was built an extensive underground 

The 

Low-level waste .If8 
piping system was installed to collect LLW (designated as interrnediate- 

level waste in early Laboratory operations), and to transport it to 

large underground concrete ("gunite") tanks. The waste was treated with 

caustic to precipitate radionuclides, and the resulting sludges were 

stored in the tank. The supernatant liquid was decanted, and after 

dilution with the large volume of process wastewater, it was released to 

WOC. In June 1944 a settling basin (3513 pond, now inactive) w a s  

completed to allow additional time for gravity settling of radioactive 

solids before discharge of the supernate to WOC. The release of the 

supernate directly to WOC was discontinued in 1949 .  



From June 1949 to June 1954 the LLW was concentrated in an evapora- 

tor, with the condensate discharged to WOC. The concentrate was stared 

in the gunite tanks to  allow solids to settle. The supernate from the 

tanks was disposed of in seepage pits and trenches in Melton Valley. 

The soils acted as an ion exchange medium, inhibiting the migration of 

soluble radionuclides. Concerns about groundwater contamination led to 

discontinuing seepage disposal in 1966. 

A new waste evaporator went into service in 1965. The disposal of 

the LLW concentrate by the hydrofracturing process, in which a waste- 

cement grout mixture was injected into the shale at depths of 210-300 m, 

was inaugurated in 1966; it continued until 1985. Currently the 

concentrate is being stored pending review. The evaporator overheads 

are treated by the process waste treatment plant. 

Process wastewater Process wastewater is water that is slightly 

or potentially contaminated (steam condensate from heating coils, 

process cooling water, leakage, and waste from building sinks, floor 

drains, etc.) In early Laboratory operations, the low-level process 

water was not chemically treated; it was released to WOC or Melton 

Branch through equalization basins or holding ponds. A soda-lime 

treatment plant was placed in operation in 1957. Other, more efficient 

treatment facilities were put into use in 1976 and again in late 1981. 

Sludges generated from these facilities were disposed of in the liquid 

waste seepage pits (1957-76) and in a polyvinyl-chloride-lined basin 

located at SWSA 5 ( 1 9 7 6 - 8 1 ) .  

eliminate sludge format ion. 

The flowsheet was changed in 1981 to 

Present wastewater discharges to the WOC watershed are shown 

schematically in Fig. 2.2. An extensive system (over 30 km) of 

underground piping is provided to transport process wastewater from the 

generators to open collection ponds. The flow rate and activity level 

are monitored at the major branches. The primary collection pond is the 

equalization basin, which acts as a surge volume to equal.i.ze flow t o  the 

process waste treatment plant. Currently the waste stream is clarified 

with anthracite filters and processed through an ion-exchange system for 

removal o f  "Sr and 1-37Cs before release to WOC. 

regeneration of the ton-exchange bed is sent to the  LLW system. 

The waste from t;he 

The 
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process wastewater from the 4500 area and the Melton Valley facilities 

is collected in ponds, monitored for radioactivity, and then discharged 

directly to the creek if appropriate, If appreciable activity levels 

are detected, the water is pumped to the process waste treatment plant, 

"Intermediate" impoundment. In the spring of 1944 a dam was built 

In across WOC about 2.7 km from the confluence with the Clinch River.' 

Scptember 1944 the dam w a s  breached by high water, and the pond was 

greatly reduced in size. A residual pond existed behind the dam until 

the early 1950s. This contaminated floodplain is part of the SWSA 4 

waste management area. 

White Oak Lake. White Oak Lake is the final hold-up basin for 

liquid discharges from OWL. Oakes et al. estimated that by 1981, 

130,000 m3 of sediment had collected behind the dam, accumulating about 

644 Ci of  radioactivity. The prlncipal sediment-borne radionucl-ides 

are 137Cs (by far the greatest contributor of radioactivity in the lake 

sediments), 6oCo, and 'OSr, with trace amounts o f  152Eu, 154Eu, and 

various transuranics (mainly 244Cm) . 
are less radioactive than those in the 1940s and 1950s when LLW was 

discharged directly to WOC. 

Sediments now entering the lake 
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3 .  PRINCIPAL RADIONUCLIDES VIA WATER PATHWAY 

Radionuclides were selected as source terms for this study based on 

the potential off-site doses from current releases at White Oak Dam. 

The annual radiological discharges to the Clinch River for the period 

1976-85 are presented in Table 3 . 1 .  There is some variation from year 

to year due in part to differences in precipitation, affecting the 

seepage from the burial grounds. 

Doses from drinking the water were estimated based on the measured 

radionuclide concentration in the water discharged at White Oak D a m  in 

1984 and 1985 (Table 3 . 2 ) .  White Oak Creek (WOC) is not a drinking 

water source. For the annual environmental monitoring reports, doses 

are calculated after dilution by the Clinch River.' 

(assuming complete mixing) the total body dose commitment for drinking 

Clinch River water at Clinch River kilometer (CRK) 3 3 . 3  (the confluence 

with WOC) was about 0.15 mrem in 1984 and 1985. The dilution varies 

from year to year (Table 3 . 3 ) .  I n  1984 and 1985 the ratio of  Clinch 

River flow to WOC flow was -300. The long-term average dilution is 

- 3 9 0 ,  based on data by Boyle et a1.2 

types of doses that might be expected if the concentration factor were 

applied at White Oak Dam (i.e., at the site boundary). The analysis 

assumes an intake o f  730 L/year ( 2  L/d) and the dose conversion factors 

given in Table 3.4. 

After dilution 

However, Table 3.2 illustrates the 

The major contributors to the effective total body dose from 

drinking the water are 3H (-70% and -50% for 1984 and 1985, 

respectively), and 90Sr (Table 3.2). 

contributor to the bone (endosteal cells) dose (the maximum organ 

dose). Precipitation in the year 1984 was the closest to the average of 

recent years, and operating releases were relatively stable. The 1985 

releases were not typical because (1) the break in the low-level waste 

(LLW) line servicing Building 3074 and the spill from the ventilation 

filter pit at Building 3517 resulted in higher-than-normal "Sr releases 

from the central ORNL complex and (2) the precipitation was below 

normal, which reduced seepage from the burial grounds (see Sect, 4 ) .  

Strontium-90 is the major 

19 
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'Table 3.1. Annual releases of r a d i o n u c l i d e s  from 
White Oak Creek t o  the  Cl inch  River 

Releases (C i )  

Yeal: 3n co 9 0  ~r lo6Ru 1311 137cs TRU 

1976a 

19'7 7a 

1978a 

1979C 

1980d 

1981d 

i982d 

1983d 

1 984d 

1 985f 

7420 

6250 

6290 

7700 

3400 

2900 

5400 

5600 

6400 

3700 

0.9 5b 

0.4 3 

0.4 2 

0.9 2.44 

1.4 1.4 

0.66 1.5 

0.96 2.7 

0.29 2.1 

0.17 2.6 

0.62 3.0 

0.2 

0.2 

0.02 

0.13 

(0.01 

0. l e  

0.2e 

0.18 

0.28 

0.01 

0.03 

0.03 

0.04 

0.06 

0.09 

0.04 

0.06 

0.004 

0.057 

NAg 

0.2 

0.2 

0.07 

0.24 

0.60 

0.23 

1.5 

1.2 

0.56 

0.42 

0.01 

0.03 

0.03 

0.03 

0.040 

0.043 

0.034 

0.048 

0.028 

0.008 

aT. W. Oakes and K. E. Shank, Rad ioac t ive  Waste Disposa l  Areas and 
Assoc ia ted  Envfronmental  S u r v e i l l a n c e  Data a t  Oak Ridge Nat iona l  
Labora tory ,  ORNL/TM-6893, December 1983, p. 14. 

bNew process  waste t r ea tmen t  p l a n t  became o p e r a t i o n a l  i n  A p r i l  
1976. (T. W. Oakes and K. E. Shank, I_ Radioac t ive  Waste Disposa l  Areas 
---.- and Associated Environmental  S u r v e i l l a n c e  Data a t  Oak Ridge Na t iona l  
L a b o r a t o x ,  ORNL/TM-6893, December 1979, p. 25.) 

cEnvfronmental  Monitor ing Report ,  United S t a t e s  Department of 
_I_ Energy, Oak Ridge F a c i l i t i e s ,  Calendar Year 1979, Y/UB-13,  June 2 ,  1980, 
p. 36. 

dEnvironmenta1 Monitoring II_- Report ,  United --.-.-- S t a t e s  Department _ _ ~  of 
Energy, Oak Ridge F a c i l i t i e s ,  - Calendar  -- Year - 1984, ORNL-6209, August 
1986, p. 26. 

eW. F. Ohnesorge, - H i s t o r i c a l  Releases of R a d i o a c t i v i t y  t o  t h e  
__-.-- Environment froin ORNL, ORNL/M-135, x - y  1986, p.  19. 

fEnvironrnentnl S u r v e i l l a n c e  of t h e  Oak Ridge Rese rva t ion  and 
Surrounding E n v i r o n s  -I_- During 1985, - ORNL-6271, A p r i l  1986, p. X X I V .  

gNA = not  a v a i l a b l e .  

-- -.I- -1--11__--- ----__I 
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T a b l e  3.2. Doses f r o m  d r i n k i n g  w a t e r  

I n d i v i d u a l  d o s e  ( n r e m ) c  
Av e r a g  e 

in w a t e r  a t  
c o n c e n t  r a t i o n  W h i t e  Oak Damd C l i n c h  R i v e r  krn 33 .3e  

R a d i o -  White Oak D a m a s b  E f f e c t i v e  E f f e c t i v e  
n u c l i d e  (pCi /mL)  t o t  a l - b o d y f  h n e g  t o t a l - b o d y f  Boneg 

3H 

60  co 

9 0 ~ r  

1 06Ru 

1 3 1  I 

137 cs 

3 H  

60 co 

" ~ r  

06Ru 

137cs 

4.8 E-4 

(1 .08  E-8 

1.7 E-7 

1.8 E-8h 

3.7 E-9 

2.9 E-8 

T o t a l  

3.5 E-4 

6 . 3  E-8 

3.0 E-7 

1.0 E-gh 

4.2 E-8 

T o t a l  

1984  
_I 

31.5 ( 7 0 % )  

0.1 

10.9 ( 2 5 % )  

0.4 

0.2 

1.7 

44.8 

-- 

1985 __- 

22.9 (51X) 

0.5 

19.2 ( 4 3 % )  

u.02 

2.5 

45.1 

23.0 

0 . 0 3  

106.7 ( 8 1 % )  

0.1 

(0 .01  

1.7 

132 

16.8 

0.2 

188 .3  ( 9 1 % )  

co .01  

2.5 

208  

0.10 

<0.001 

0.035 

0 .001  

0. u01 

0 . 0 0 5  

0.14 

0.079 

0.002 

0.066 

<0 .001  

0 .009  

0 .16  

0.07 

<0.001 

0 .34  

<0.001 

<0.001 

0 . 0 0 5  

0.42 

-- 

0.06 

<0.001 

0.65  

<0.001 

0 . 0 0 9  

0 .72  

a E n v i r o n m e n t a l  S u r v e i l l a n c e  o f  t h e  Oak Ridge  R e s e r v a t i o n  a n d  S u r r o u n d i n g  
E n v i r o n s  D u r i n g  1 9 8 5 ,  ORNL-6271, A p r i l  1986,  p .  123. 

b E n v i r o n m e n t a l  M o n i t o r i n g  R e p o r t ,  U n i t e d  S t a t e s  D e p a r t m e n t  of E n e r g y ,  Oak 
R i d g e  F a c i l i t i e s ,  C a l e n d a r  Year 1 9 8 4 ,  OKNL-6209, Augus t  1985 ,  p .  23. 

c F i f t y - y e a r  d o s e  commitment .  I n t a k e  of w a t e r ,  730 L l y e a r .  

d W h i t c  Oak C r e e k  i s  n o t  a d r i n k i n g  water source. 

e C a l c u l a t e d  b a s e d  on d i l u t i o n  f a c t o r s  g i v e n  i n  T a b l e  3.4 a n d  a s s u m i n g  

f W e i g h t e d  sum d o s e .  

g E n d o s t e a l  c e l l s  of t h e  bone .  

h E s t i m a t e d  f r o m  t o t a l  releases. 

c o m p l e t e  mixing .  



Table 3 . 3 .  D i l u t i o n  o f  White Oak Creek flow by t h e  Cl inch  River 

Year Average d i l u t i o n  f a c t o r a  

1979 

1980 

1981 

1982 

1983 

1984 

1985 

511b 

113OC 

37 Id 

463" 

N A ~  

290h 

310s 

aKa t io  of Cl inch Kiver t o  White Oak Creek flow. 

bEnvironmental  Monitor ing Report ,  United S t a t e s  Department 
of Energy, Oak Ridge F a c i l i t i e s  Calendar  Year 1979, Y/Ul3-13, June 
1980, p.  10. 

o f  Energy, Oak Ridge F a c i l i t i e s ,  Calendar  __ Year 1980, Y/UB-15, 
June 10, 1381, p. 9. 

CEnvironmental  Monitor ing Report ,  United S t a t e s  Department 

dEnvironmental  Noni tor ing  Report ,  United S t a t e s  Department 
- of Energy Oak Ridge F a c i l i t i e s ,  Calendar  Year 1981, Y/UII-16, 
May 1, 1982, p. 10. 

eEnvironmental  Xoni tor ing  Report ,  United S t a t e s  Department 
of  Energy, Oak Kidge F a c i l i t i e s ,  Calendar  _I_-- Year 1982, Y / U B - 1 8 ,  May 
1, 1983, p.  10. 

f N A  = no t  a v a i l a b l e .  

 environmental Monitoring Repor t ,  . x n x g d  S t a t e s  Department 
- of  Energy, Oak Ridge F a c i l i t i e s ,  Calendar  Year 1984, OWL-6209, 
August 1983, p.  100. 

hEs  t iwa ted  from Environmental  S u r v e i l l a n c e  of t h e  Oak Ridge 
Keserva t ion  and Surroundin& .---l.-.-lp.- Eriv-i7rons During 1985, ORNL-6271, 
A p r i l  1986, p.  1 2 7 .  
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Table 3.4. Fifty-year committed dose equivalent conversion 
factors used for drinking water calculationsa 

Nuclide 

Ingestion doses (rem/mCi) 

F1 Effective dose commitment Endosteal 

3H 

6Oco 

9 0 ~ r  

lo6Ru 

1311 

137cs 

9.50E-01 

5.00E-02 

2.00E-01 

4.00E-02 

9.5E-01 

9.50E-01 

8.98E-05 

1.13E-02 

8.75E-02 

2.88E-02 

5.453-02 

8.l9E-02 

6.56E-05 

3.99E-03 

0 . 8 6  

9 . 5 7 E - 0 3  

3 . 3 2 ~ 3 4  

7.99E-02 

a D. E. Dunning, Jr., G .  G .  Killough, S .  R. Bernard, J .  C. Pleasant, 
and P .  J. Walsh, Estimates of Internal Dose Eauivalent to 22 Target  
Organs for Radionuclides Occurring in Routine Releases from Fuel Cycle 
Facilities. Vol. 111, NUREG/CR-0150, Vol. 3 ,  October 1981, pp.  59-62, 
81. 

The OWL Department of Environmental Management collects and 

analyzes fish from the Clinch River. The calculated 1985 doses from 

eating fish (assuming the ingestion of 20 kg of fish flesh in a year) 

are given in Table 3.5. The highest doses (-1 mrem effective 

total-body) are for eating fish caught at CRK 33.3 (the confluence with 

WOC). Cesium-137 contributes 60-90% of  the effective total-body dose 

(varying with the species) and "Sr most of the remainder. 

is the major contributor to the bone dose. The dose conversion factors 

used for fish calculations are listed in Table 3.6. 

Strontium-90 

Human consumption of 10 kg of carp patties containing the malximum 

amount of 90Sr (carp caught near the confluence with White Oak Creek) 

would result in an effective total-body dose equivalent of 0.6 mrein and 

a dose to the bone (endosteal cells) of 6 mrem (Ref. 3). This is based 

on the assumption that 10% of the carp patty (prepared by grinding fish 

flesh and bone) is bone.3 Strontium-90 is the major contributor to the 

doses from eating carp patties. 



T a b l e  3.5. Ihses f r o m  c o n s u m p t i o n  of C l i n c h  R i v e r  f i s h a 9 b  

R a d i o m x l i d e  

L o c a t i o n  F i s h  s p e c i e s  "Co 238% 23gh ToKal 

C l i n c h  R i v e r  km 40.0d 
Bass 
B l u e g i l l  
C a r p  

C l i n c h  R i v e r  Lun 33.3e 
Bass 
B l u e g i l l  
C a r p  

C l i n c h  P i v e r  kn i9.Zf 
Bass 
B l u e g i l l  
C a r p  

C l i n c h  K i v e r  km 16.0 
b a s s  
I i l u e g i l l  
C a r p  

C l i n c h  K i v e r  km 8.0 
Bass 
B l u e g i l l  
C a r p  

C l i n c h  K i v e r  km 3 . 2  
8ass 
B l u e g i l l  
C a r p  

0.0 
0.0 
0.0 

<0. 0053 
0.0075 

<0.0033 

<0.0015 
<0.0035 
<0.0017 

<0.0011 
0 .a044 
0.017 

<O. 00086 
<0.0025 
<0 .00075 

<0.0010 
<0.0026 
<0.00097 

0.0029 
0.0037 
0.029 

0.13 
0.34 
0.13 

0.014 
0.0s1 
0.037 

0.013 
0.027 
0.063 

0.013 
0.068 
0.077 

0.00088 
0.088 
0.0071 

E f f e c t i v e  t o t a l - b o d y  d o s e C  
( m r e m )  

0.013 
0.022 
0.012 

1.2 
0.64 
0.22 

0.1 
0.037 
0.029 

0.13 
0.069 
0.019 

0.09Y 
0.042 
0.047 

0.046 
0.034 
0.055 

0.0035 
0.011 
0.0391 

0.0068 
0.015 
0.005 

0.0056 
0.029 
0.018 

0.0043 
0.011 
0.0079 

0.0056 
0.0096 
0.0079 

0.0036 
0.012 
0.0056 

0.0001 8 
0.0012 
0.0020 

0.0012 
0.0019 
0.00075 

0.00069 
0.0026 
0.0015 

0.0005 1 
0 .(I0064 
0.0008 

0.0011 
0.00069 
0.00085 

0.00075 
0.0020 
0.00040 

0.0021 
0.0049 
0.0041 

0.0024 
0.0056 
0.003 

0.0034 
0.014 
0.013 

0.0035 
0.0056 
0.0038 

0.0028 
0.0082 
0.0061 

0.0019 
0.0061 
0.0033 

0 .000079 
0.00015 
0.000055 

0.000095 
0.000095 
0.000071 

( 0  .OOOO63 
<@ .000 17 
0.0001 

0.0021 
0.0011 
0.00034 

0.0017 
0.00013 
0.00037 

O.OU0032 
0.00020 
0.00051 

0.000079 0.022 
0.000097 0.043 
0.000018 0.056 

0.000044 1.3 
0.00014 1.0 
0.00061 0.36 

<O.OOOO62 0.13 
0.00047 0.14 
0.00047 0.1 

0.00039 0.16 
0.00033 0.12 
0.00015 0.11 

0.00073 0.12 
0.00063 0.13 
0.000071 0.14 

0.00078 0.055 
0.000097 0.15 
0.000062 0.073 

N c 

a O n v i r o n m e n t a l  S u r v e i l l a n c e  of t h e  Oak R i d g e  R e s e r v a t i o n  and S u r r o u n d i n g  E n v i r o n s  D u r i n g  1985, OWL-6271, A p r i l  

" F i f t y - y e a r  d o s e  commitment ;  i n t a k e  of f i s h ,  20 k g / y e a r .  
=Weighted-sum d o s e .  
d M e l t o n  H i l l  Lake ( i . e .  b a c k g r o u n d ) .  
e C o n f l u e n c e  w i t h  Whi te  Oak C r e e k .  

t L u n k  l u e n c e  w l ; l i  Ybplar  L r e c k .  

1986,  p p .  62, 63. 
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Table 3.6. Fifty-year committed dose 
equivalent conversion factors 
used for fish calculationsa 

Effective dose 
commitment 

Nuc 1 ide (mrem/pCi ingested) 

6Oco 

90s r 

137cs 

2 34u 

235u 

238u 

238Pu 

239Pu 

2.7E-5 

1.4E-4 

5.OE-5 

2.8E-4 

2.7E-4 

2.5E-4 

4.OE-3 

4.4E-3 

a 
G .  G. Killough and K. F. Echerman, 

Radiolonical - Assessment, NUREG/CR-3332, 
1983. 

At the present time, releases of TRU alpha emitters from ORNL are 

quite small. The plutonium content of Clinch River fish is highest near 

the confluence with Poplar  Creek (Table 3 . 5 1 ,  and the source is probably 

the Y-12 plant. 

In summary, the radionuclides that are currently important as source 

terms via the water pathway for off-site dose calculations are 3H, 90Sr, 

and 137Cs. 

doses. However, the 6oCo in the creek sediments/gravels is of concern in 

on-site exposure because its high gamma makes it the major contributor 

The 6oCo is a relatively minor contributor to the off-site 

to the ground surface exposure of personnel in the creek area. 1 
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4 .  RADIONUCLIDE RELEASES FROM VARIOUS WASTE AREAS TO WHITE OAK CREEK 

4.1. STRONTIUM-90 

Monitoring for 90Sr has been conducted routinely at several 

stations on White Oak Creek (WOC) and Melton Branch since 1979. The 

sampling stations are listed in Table 4.1, and the locations are shown 

in Fig. 4.1. 

The average monthly 90Sr releases (averaged over the year) from 

various waste areas to the WOC drainage are presented in Table 4.2  €or 

the years 1979-85. 

period 1979-84. 

Oak Ridge weather station was 133 cm/year compared with the record mean 

Also included in Table 4.2 is the average for the 

The average precipitation for this period at the NOAA 

of 139 cm (Ref. 1). The 1985 releases were not typical because (1) the  

break in the low-level waste (LLW) line servicing Building 3074 and the 

spill from the ventilation filter pit at Building 3517 resulted in 

higher-than-normal releases from the central OWL complex and (2) the 

precipitation (119 cm) was below normal, which reduced seepage from the 

burial grounds. 

averages. 

Therefore, the 1985 releases were not included in the 

There is a chronic "Sr release at White Oak Dam of  about 2.2 

Ci/year averaged over the period 1979-84 (Table 4.3). 

contributors are undefined Bethel Valley sources, 31%; solid waste 

storage area (SWSA) 4 ,  31%; and SWSA 5, 24%. No quantitative data were 

available for any groundwater pathways that bypass the stream monitoring 

The principal 

stations. 

More detailed discussion of the sources is presented in Sects. 

4.1.1-4.1.6.  

the Appendix, Tables A.7-A.20. The 1985 data are from the Department of 

Environmental Management (DEM) files, while the 1979-84 data are from 

Operations Division monthly reports. 

nary results, and there may be slight differences between the tables in 

the Appendix and the final results in Table 4.2. The creek monitoring 

stations have an accuracy of about 520% (Ref. 2). 

Tables showing the monthly 90Sr discharges are given in 

Monthly reports contain prelimi- 
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Table 4.1. L i s t i n g  of s u r f a c e  water moni tor ing  s t a t i o n s  monitored 
r o u t i n e l y  f o r  9 o S r ,  1979-55 

__..- 
S t a t i o n  code 

Loca t ion  ( s e e  Fig. 4.1) 

Flume on White Oak Creek nea r  190 Ponds 

190 Ponds ( a l s o  c a l l e d  3539 and 3540 Ponds);  
ho ldup  and moni tor ing  ponds f o r  4500 area 

Process  waste t r ea tmen t  p l a n t  

Sewage t r ea tmen t  p l a n t  

7Si)O b r i d g e ;  t h e  e x i t  from Bethe l  V a l l e y  

White Oak Creek j u s t  above conf luence  w i t h  
Melton Branch 

M e l t o n  Branch j u s t  above conf luence  wi th  
White Oak Creek 

T r i b u t a r y  t o  7500 area [Homogeneous Reactor  
T e s t  ( H K T ) ,  Nuclear S a f e t y  P i l o t  P l a n t  (NSPP) ,  
and Molten S a l t  Reactor  Experiment ( M S K E ) ]  

Upper Melton Branch t o  790U area [h igh  Flux 
I s o t o p e  Reactor  (HFIR) and Transuranium 
Process ing  P l a n t  ('CPP) I 

L iquid  waste p i t s  d i s p o s a l  area ( c l o s e d )  
East weir 
West weir 

Flume 

190 Ponds 

PWTP 

STP 

7 500B 

WOC 

MB 1 

HKT 

Eas t  weir 
West weir 

White Oak D a m  wo D 



ORNL-DWG 84-2f824R4A 

FIRST CREEK 
O R R  BLDG 3042 

MH-!90 PONDS NORTYWEST 
SOL ID WASTE 
STORAGE AREA 

\TRIBUTARY 

PROCESS WASTE NO 2 SOLiD WASTE STORAGE TREATMENT PLANT 
AREA NO 3 - 

FLUME (STATION 2)  
ABANDONED PROCESS 
WASTE SETTLING BASIN 

SOLID WASTE STORAGE AREA NO. 4 

EMERGENCY N S P P BUILDING 7500 
HRT WASTE POND (OUT OF SE 

M S R E BUILDING 

EW HYDROFRACTURE 

M V. W&STE STORAGE FACILITY 

FACILITY (NHF) 

pH MONITORING 
STATION 

'WHITE OAK DAM 
STAT1 ON 

A SAMPLING STATION 
0 RADIATiON MONITOR 

FEET 
0 

0 m0 200 4oC, MK) SM 914 

METERS 

:RVICE) 

F l g .  4.1. Location map of ORNL waste facilities and sampling 
stations on White Oak Creek and Melton Branch. 



Table 4.2. Average monthly c o n t r i b u t i o n  of 90Sr from v a r i o u s  OWL Areas,arb 1979-1985 
- 

Discharge (mCi/month) 

Area 

Measured flume 

Bethe l  Val ley  p l a n t  
o p e r a t i o o s  

Measured 190 m n d s  

Measured Process Waste 
Treatment P lan t  ( F W P )  

Measured Sewage Trea t -  
ment P l a n t  (STP) 

Heasured s t a t i o n  75008 

Measured s t a t i o n  WOC 

Melton Branch f a c i l i t i e s  

Measured HFIK/TPP 

Measured HKT/NSPP/MSKE 

Measured s t a t i o n  MB1 

T o t a l  p i t s  

Measured east w e i r  

Measured w e s t  weir 

T o t a l  e f f l u e n t &  (sum 
of S t a t i o n  WOC. 
S t a t i o n  1381, 
and p i t a )  

Measured White Oak Dam 
S t a t i o n  

U n i d e n t i f i e d  Bethe l  Val ley  
s o u r c e s  17500B minus 
(flume and p l a n t  
o p e r a t i o n s ) )  

SWSA 4 
(WOC minus 7500B) 

SWSA 5 
[MBl minus (HXT 
and HFIK/TPP) 1 

15 

15 

I .o 

2.9 

I1 

70 

170 

6.8 

0.20 

6.6 

67 

N A ~  

NA 

240 

200 

40 

99 

60 

Measured con t r i bu t o  rs 

10 

19 

2.4 

1.9 

15 

77 

I10 

5 .o 

0.20 

4 .t3 

52 

6.2 

0.30 

5.9 

170 

I25 

13 

21 

0.40 

2.7 

18 

72 

100 

3.6 

0.30 

3.3 

17 

2.0 

1 .o 

1 .o 

120 

123 

12 

37 

0.20 

0.50 

36 

115 

180 

9.9 

0.90 

9.0 

50 

3.2 

0.10 

3.1 

230 

225 

10 

21 

0.20 

0.30 

20 

85 

170 

1 1  

6.1 

4.9 

82 

3.7 

0.10 

3.6 

260 

208 

I n f e r r e d  c o n t r i b u t o r s  - 
4a 38 66 54 

31 31 63 85 

47 14 40 71 

7.8 

13 

0.40 

0.40 

12 

72 

110 

5.7 

0.49 

5.2 

44 

5.2 

0.14 

5.1 

160 

216 

5 1  

38 

38 

1 1  

17 

0.8 

1.4 

15d 

7 5d 

13Zd 

6 .O 

0.4e 

5.6 

52 

4.1 

0.3 

3.7 

NA 

30 

38 

1.1 

2.8 

34 

253 

214 

4.9 

0.24 

4.7 

32 

2.2 

0.08 

2.1 

248 

183 250 

46d 185 

58 

45 

h 

27 

aUoes not inc lude  underground pathways, if any, which might bypass the s t ream moni tor ing  s t a t i o n s .  
bDerived from d a t a  i n  Environmental  S u r v e i l l a n c e  of t h e  Oak Ridge Keserva t ion  and Surrounding 

‘Based on unpuFliahed d a t a  i n  Department of Environmental  Management (UEM) f i l e s ;  K. L. Uanie ls  
(OKNL), personal  communications t o  M. B. S e a r s .  June 2 3  and 2 6 ,  1986. The 1985 d a t a  i n  re€.  b a p p a r e n t l y  
were g r e l i m i n a r y  r e s u l t s .  

+yJroiis During 1985, OKNL-m, A p r i l  1986 , PP. 128-29. 

Uoes not  inc lude  1982. 
eUoes not inc lude  1983. 
fNA = not  a p p l i c a b l e  o r  not a v a i l a b l e .  
gDoes not inc lude  SWSA 6. 
h l n  1985 t h e  input  at t h e  7500 br idge  s t a t t o n  exceeded Lhe out f low a t  t h e  WOC s t a t i o n .  
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. 

4.1.1 Construction Activities and UnDlanned Events 

In 1985 two incidents resulted in higher- than-normal 90Sr releases 

from the main ORNL complex in Bethel Valley. 

levels of 90Sr were detected at White Oak Dam.3,4 Investigations 

indicated that a broken LLW transfer line near Building 3074 was a major 

source of the 'OSr, which infiltrated the sanitary waste lines near 

Building 3019 and also migrated to WOC. 

dominant pathway for liquid movement from the leak site was to Building 

3042, where contaminated groundwater is pumped to the process waste 

system for treatment. 

On January 26, elevated 

Dye tests revealed that the 

5 

On November 29, a storm drain pipe broke during a heavy rain, 

flooding a construction pit project at Building 3517. 

upgrade to a hot-cell ventilation system had exposed a ventilation duct 

and filter pit and the storm sewer line. Large amounts of water 

infiltrated the ventilation duct, which was heavily Contaminated with 

90Sr. 

groundwater. 

drainage systems in the area and into WOC. 

1 '-' An ongoing 

Contaminated water overflowed the pit and percolated into the 

Strontium-90 found its way into the storm and sanitary 

In 1985 the total "Sr discharges from Bethel Valley as measured at 

the 7500 bridge station (the WOC exit from Bethel Valley) were 3.0 C i  com- 

pared with the norm of 0.9 Ci/year. The 1985 90Sr releases from undefined 

(or uncontrolled) Bethel Valley sources were about four times the norm, 

while the releases in the sewage treatment plant effluent were double the 

norm (Table 4 . 3 ) .  A more detailed table showing the discharges by month 

is given in the Appendix (Table A.7). In January and December 1985, the 

90Sr outflow at the WOC station was less than one-half the inflow at the 

7500 bridge station (Table A . 8  and Fig. 4.1). It is inferred that part o f  

the 90Sr released in the spills was in the creek sediments and that it 

takes time for the stream to cleanse itself. 

In 1982,  releases were also high for several months from undefined 

Bethel Valley sources and the sewage treatment plant (Table A.13) .  There 

were no known line breaks during this period.-/ 

than some in recent years; but 1979 was also a wet year, and releases 

then were in the normal range (Table A . 1 9 ) .  A number of construction 

projects were under way in the early 1980s in or near contaminated 

areas7-' ; these activities might have loosened contaminated dirt or 

It was a wetter season 
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Table 4.3. Annual c o n t r i b u t i o n  of 90Sr from v a r i o u s  waste areas 
t o  White Oak Creek dra inagea  

~ ~- ~- 

90Sr d i s c h a r g e  (mCi/year) 

Area 

b Chronic  releases 
(average  1979-84) 1985' 

Bethe l  V a l l e y  

Process waste t rea tment  p l a n t  
Sewage treat  men t p 1 a u t  
190 Ponds 
Undefined s o u r c e s  

Upstream of flume 
Plume t o  7500 b r i d g e  

Melton Val ley  

HFIK/ T YP 
HKT/NSPP/MSRE 
SWSA 4 
SWSA 5 
P i t s  and t r e n c h e s  
SWSH 6 

T o t a l  t o  White Oak Lake 

li:d (8%) 
10 

130 (6%) 
550e (25%) 

gf 
70 

700 (31%) 
540 (24X) 

50 
NA 

2250 

33 
400 

13 

360 
2230 

3 
56 
NAg 9 h  

320 
26 
3i  

3000 

aDoes not  i n c l u d e  groundwater pathways, i f  any, t h a t  might bypass t h e  
streap monitor ing s t a t i o n s .  

R e s e r v a t i o n  and Surrounding Environs During 1985, OWL-6271, A p r i l  1986, 
pp. 128-129. 

p e r s o n a l  communication from K. L, D a n i e l s  (ORNL) t o  M. B. S e a r s ,  June 23 and 
26, 1986. 

Derived from d a t a  i n  Environmental  S u r v e i l l a n c e  of t h e  Oak Ridge 0 

%ased on d a t a  i n  Department of Environmental  Management f i l e s ;  

dI)ocs not i n c l u d e  1982 release, which w a s  430 m C i .  
eDoes not i n c l u d e  1982 release, which was 790 m C i .  
fUoes not  i n c l u d e  1983 release, which w a s  70 m C i .  
gNA = n o t  a v a i l a b l e .  
h I n  1985 t h e  i n p u t  a t  t h e  7500 b r i d g e  s t a t i o n  exceeded the out f low a t  

t h e  White Oak Creek s t a t i o n .  Therefore ,  i t  i s  not  p o s s i b l e  to estimate SWSA 
4 by t h e  d i f f e r e n c e  between t h e s e  s t a t i o n s .  

iEstimated from grab  samples ( s e e  S e c t .  4.1.6). 
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allowed ingress of water into contaminated areas, followed by transport 

to the creeks. 

There will continue to be ongoing construction projects. For 

example, construction of the piping system for the proposed nonradiolog- 

ical wastewater treatment project may open up contaminated pipe 

trenches. Also, the plant waste piping system is old, and leaks or 

breaks are to be expected with increasing frequency. Therefore, 

additional and unpredictable contributions from construction activities 

and waste line leaks/breaks or other unplanned events should be added to 

the chronic releases. 

4.1.2 Bethel Valley Plant Operations (Controlled Discharges) - 

the 

the 

WOC 

but 

Controlled releases to WOC from Bethel Valley plant operations are 

effluents from the process waste treatment plant, the 190 Ponds, and 

sewage treatment plant. These facilities discharge to the section of 

between the flume and the 7500 bridge monitoring stations (Fig. 4 . 1 ) .  

The sanitary sewer system theoretically is a nonradioactive system, 

in practice it contributes about 8% of the chronic 90§r discharges. 

Potential sources of 90Sr to the sanitary sewer system are water ingress 

from contaminated pipe trenches, leaking manholes, building floor or 

laboratory drains, and storm sewers carrying contaminated surface 

runoff.7 Much of the sanitary sewer was relined in the summers of 1984 

and 1985 in order to reduce the load to the new sewage treatment plant. 

However, 2000 ft of the sanitary waste line in the most highly 

contaminated pipe trenches were not relined. The corrective measures 

were beneficial in reducing the volume of water ingress but may not have 

much effect on the radioactive contamination. 

The process waste treatment plant and the 190 Ponds are relatively 

small 90Sr sources, contributing about 0.8% and 0 . 4 % ,  respectively, o f  

the chronic discharges (Table 4 . 3 ) .  

4.1.3 Upstream of the Flume (Includes SWSA 2) 

The monitoring station called the flume is located on WOC in the 

vicinity of  the 190 Ponds. 

below the flume.) 

the total (Table 4.3). Fifth Creek, the isotopes area, Oak Ridge 

(The effluent from these ponds is discharged 

The chronic "Sr discharge at the flume is about 6% of 
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Research ( O R R ) ,  the h500 area, the transuranium research laboratory, and 

SWSA 2. lie upstream of the flume. 

potential for contamination empty directly to the creek. The pipe 

trenches in the isotopes area are highly contamir~ated.~ The LLW line 

servicing the isotopes area runs along the creek bank at a relatively 

short distance from the creek.7 

trenches discharging to the creek potentially offer migration pathways 

from the LLW pipe trench to the creek. 

Thirteen building drain pipes with a 

Storm sewer and building drain pipe 

The shallow groundwater drainage from SWSA 2 will drain to the 

flume. Most of the waste in SWSA 2 was exhumed and reburied in SWSA 3 ,  

but there is some question whether all the material was removed.lOpll 

4 . 1 . 4  Undefined Sources Between the Flume and 7500 BridPe Stations 

It is inferred from the stream monitoring data that undefined (or 

uncontrolled) sources between the flume and the 7500 bridge station 

contributed about 25% of the total "Sr releases to the WOC drainage 

during 1979-84 (Table 4 . 3 ) .  The 7500 bridge station is the creek exit 

from Bethel Valley. The undefined sources as summarized in Tables 4 .2  

and 4 . 3  account for the difference between the measured outflow at the 

7500 bridge and the riieasured inputs from the flume, the sewage treatment 

plant, the process waste treatment plant, and the 190 Ponds. 

The liquid waste treatment facilities and associated collection basins 

and waste pipelines lie along thi.s stretch of WOC (see Fig. 4 . 2 ) .  

Potential sources include seepage from unlined ponds, leaking pipes and 

tanks, contaminated pipe trenches, potentially contaminated building 

drains, surface runoff, a contaminated flood plain along the creek, SWSA 1, 

and SWSA 3. (The locations of SWSAs 1 and 3 are shown 011 Fig. 4 . 1 . )  In 

Tables 4 . 2  and 4 . 3  the undefined sources include the Northwest Tributary 

(SWSA 3) and First Creek because long-term monitoring data were not 

available f o r  them. Short-term monitoring data for SWSA 3 and F i r s t  Creek 

are discussed i.n Section 4.1.5. 

4 . 1 . 5  SWSA 3 and First Creek 

Steuber et a]." studied the radionuclide release from SWSA 3 through 

the analysis of surface and ground waters from local drainage areas. lZ The 
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Fig. 4.2. Map showing process ponds in the central ORNL complex. 
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amount of "Sr discharged by the Nort:hwest Tribi.it:airy (including SWSA 3 and 

First Creek) averaged 6 . 4  mCi/month f o r  the pej:-iod September 1978-May 1979. 

The seepage entered the Northwest Tributary through base flow in a 30-m 

reach about 350 m from SWSA 3 .  Grab samples of water collected from First 

Creek (designated T - l  in the study) by Steuber et a1.I2 and studies of  

stream bed grave1.s in First Creek in October 1978 and February 1979 by 

Cerling and S~al-dingl-~ showed that First Creek was not a significant source 

at that time. The 19'78-79 studies were conducted during a period of  fairly 

typical precipitation (Table A.21.) and included seasons of both high and 

low evapotranspiration. Lomenick et al. reported a mean value of 

6.6 mCi./month €or a five-month period in 1961.''' 

More recently t:he DEM monitored the Northwest Tributary (above the 

confluence with First Creek) and First Creek for che period July-November 

1985 and found an average discharge of 0 . 3 2  and 0.0014 mCi o f  90Sr/month 

respectively (Table A .  21). During the July-November season burial ground 

seepage tends to be low because there i s  less precipitation and 

evapotranspiration is at a maxirnum, reducing the groundwater recharge. It 

was also preceded by a period of  below-normal precipitation (Table 2.1). 

The discharges measured in the summer of 1985 may not be representative of 

long-term discharges because of the dry weather. 

samples collected at the seep on the Northwest Tributary and found that the 

"Sr activity in the suimer of 1.985 was about 30% of the level in 1978. 

Cerling analyzed gravel 

15 

Conservatively asswiling 6.4 mCi o f  goSr/month (80 mCi/year), SWSA 3 

would contribute 3 . 6 %  of the total chronic 90Sr discharges. 

The DEM monitored the Northwest Tributary and First Creek for con- 

centration but not for flow during the first quarter of 1986 (Table A . 2 1 ) .  

The concentrations in First Creek werz higher during the first quarter of 

1986 than in the summer of 1985: 2 4 0 - 4 6 0  vs. 0.8-3 pCi/L (Ref. 2). The 

concentrations in the Northwest Tri.but:ary were about the same in the winter 

(40-60 pCi/L) as in the summer (20-50 pCi/L) (Ref. 2). Generally the 90Sr  

concentration at parti-cular stati-ons is relatively constant (within a 

factor o f  2 or 3 )  and independent of the season of  the year and stream 

(volume) flow.* The l a rge  increase in the "Sr concentration in First 

Creek during early 1986 indicates that tihere might: be a new source. 
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4.1.6 Melton Valley 

4.1.6.1 Drainapes from Melton Valley waste areas and locations of 

monitoring: stations 

The approximate locations of the waste areas and the permanent 

sampling stations are shown on Fig. 4.1. More detailed maps showing the 

topography and surface drainage of the burial grounds are presented in the 

Appendix (Figs, A.l-A.4). The groundwater drainage from SWSA 4 is into the 

WOC, which runs near the eastern edge of the burial ground (see Fig. A.l 

for surface drainage) . The groundwater transport of radionuclides from 

SWSA 5 is primarily southward towards Melton Branch (see Fig. A.2 for 

surface drainage), while the drainages from the liquid waste disposal pits 

and trenches area are southward to White Oak Lake or WOC (see Fig. A.3).lh 

There is no significant discharge of 90Sr from the west side of  SWSA 5 to 

WOC.16>17 

(HRT) tributary to the east of SWSA 5 has been traced upstream to the 7500 

area.13 

tributary to White Oak Lake or directly to the lake.16 

The 90Sr (and 137Cs) activity in the Homogeneous Reactor Test 

The discharges from SWSA 6 are to the short, ephemeral streams 

The discharges from SWSA 4 are estimated as the difference between the 

90Sr flows at the WOC and the 7500 bridge monitoring stations. 

area includes a contaminated flood plain (the old intermediate dam 

impoundment, Sect, 2.4.2) and the o l d  WOC channel. SWSA 5 is monitored as 

the Melton Branch 1 (MB1) station minus the HRT and Melton Branch 2 (ME2) 

stations. The surface water discharges from the eastern and western 

drainages in the liquid waste pits area are monitored, but the drainage 

between the liquid waste trenches 5, 6, and 7 and the east side of trench 7 

are not monitored. 

some grab samples were taken in 1985. 

The SWSA 4 

There are no sampling stations for SWSA 6, although 

4.1.6.2 Discharges - from Melton Valley waste areas and facilities 

SWSAs 4 and 5 are major sources of "Sr, contributing 31% and 24% of 

the releases for the period 1979-84 (Table 4.3). A surface water diversion 

system was constructed at SWSA 4 in late 1 9 8 3 . 1 7  

1 9 8 4  indicated that the remedial action had reduced the "Sr flux from the 

surface tributaries by 47%, with the tributaries (after the diversion) 

contributing 5 8 %  of the total input from SWSA 4 to WOC.17 

Monitoring studies in 

This corresponds 
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to a reduction of -35% in the total flux from SWSA 4 .  If this trend 

continues, "Sr discharges from SWSA 4 would be slightly lower than those 

from SWSA 5. 

The measured surface drainages from the pits area are relatively small 

contributors-2% o f  the chronic releases. The drainage between the liquid 

waste disposal trenches 5, 6, and 7 and the east side of trench 7 are not 

monitored. Cerling and Spalding estimated the relative importance of 

various subdrainages to the total discharge based on the 90Sr concentration 

in the streambed gravels, the sorption characteristics of the gravels, and 

the area of the subdrainage.13 They estimated the relative discharges from 

the trenches area as a factor o f  -30 lower than the west seep from the pits 

area. 

White Oak Dam. 

This would be equivalent to -0.1% of the cotal 90Sr discharges at 

The HRT waste pond (stabilized), the Nuclear Safety Pilot Plant 

(NSPP), and Molten Salt Reactor Experiment (MSRE) are small sources, 

collectively contributing 3% of the chronic 90Sr releases. 

facilities are shut down and in the Surplus Facilities Management 

Program.18 

(These 

The HRT pond has been stabilized and capped with asphalt) .I9 

The High Flux lsotope Reactor (HFIR) is a minor source o f  90Sr 

(0.2%). The Transuranium Processing Plant (TPP) releases only cooling 

water to the ponds (for subsequent discharge to Melton Branch). 20 

Flow proportional sampling data are not available for SWSA 6, 

although some grab samples were taken in 1985 (see Sect. 4.1.6.5). 

4.1.6.3 Effect of preciDitation on 90Sr discharpes 

On an annual basis, the 90Sr discharges from the Melton Valley waste 

areas are related to the precipitation as shown in Table 4 . 4 .  The 

average discharges from SWSA 4 ,  SWSA 5, the  pits area, and the HRT 

branch were respectively 5.5, 4 . 4 ,  0 . 4 ,  and 0.5 mCi/cm of precipitation 

for the period 1979-84. 

A s  noted earlier, a surface water diversion system was constructed 

at SWSA 4 in late 1983.17 Preliminary results indicate that this system 

will reduce the flux from SWSA 4 by about 35%. If this trend continues, 

average SWSA 4 discharges would probably be - 3 . 6  mCi/cm. 



Table 4.4. Strontium-90 d i scha rges  from Nelton Val ley waste  a r e a s  a s  a func t ion  of p r e c i p i t a t i o n  

'Sr d i scha rge  

SWSR 4 SWSA 5 P i t s  HRT/ NSPP/MSREa 

P r e c i p i t a t i o n  
Year (cm) C i b  nci / cm Gib m C i  / c m  Cib mCi/cm Cib m C i /  cm 

1979 170.9C 1.19 7.0 0.72 4.2 NA NA 0.079 0.46 
1980 101.9c 0.37 3.7 0.56 5.5 0.074 0.73 0.058 0.56 
1981 103.5d 0.37 3.6 0.17 1.6 0.024 0.23 0.040 0.38 
1982 133. gd 0 . 7 b  5.7 0.48 3.6 0.038 0.29 0.108 0.81 
1983 105. gd 1.02 9.6 0.85 8.0 0.044 0.42 0.059 0.56 
1984 129. Zd 0.46e 3.5e 0.46 3.5 0.062 0.48 0.062 0.48 

0.54 4.4 ( t1 .6)  0.040 0.36 (20.13) 0.067 0.54 (50.10) Average 124.1 0.70 5.5 ( t 1 . 9 )  

aHKT = Homogeneous Reactor  Test, NSPP = Nuclear Sa fe ty  P i l o t  P l a n t ,  and MSKE = Molten S a l t  Reactor  Experiment. 

bDerived from d a t a  i n  Environmental Su rve i l l ance  of t h e  Oak Mdge Reserva t ion  and Surrounding Environs During 1985, 

CNOAA, Oak Ridge weather  s t a t i o n ;  B. Hicks ( N O M ) ,  personal  communication t o  El. B. Sears ,  June 4 ,  1986. 

dEngineered Test F a c i l i t y  (SWSA 6)  d a t a ;  E. J. Davis ( O R N L ) ,  pe r sona l  communication t o  t4. B. Sears ,  July 9 ,  1986. 

OBNL-6271, Apr i l  1986, pp.  128, 129. 

eSlirface water  d i v e r s i o n  s y s t e n  i n s t a l l e d  i n  l a t e  1983. (L. A. Melroy  and D. D. Huff, Annual Reduction of "Sr 
Migrat ion from So l id  Waste S torage  Area 4 t o  White Oak Creek by Flow Divers ion ,  OKNL/TM-9620, May 1985, p. 2 ) .  
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4 . 1 . 6 . 4  Comparison with 1982 environmental analysis 

The 90Sr discharges from SWSA 4 for the period 1979-84 were a factor 

of four lower than those reported in the environmental analysis by Boyle 

et a1.I8 f o r  the period 1962-75 ( 5 . 5  vs -20 mCi/cm of precipitation). 

The SWSA 4 releases were overestimated in the study by Royle et al, 

because some Bethel Valley sources (i.e., the undefined sources between 

the flume and the 7500 bridge plus the sanitary waste effluent) were not 

distinguished from SWSA 4 .  In addition, a surface water diversion 

system, completed at SWSA 4 in September 1975,21 would have tended to 

reduce the "Sr discharges. 

previously by Steuber et: al. ,22 who reported an average of 5 mCi 90Sr/cm 

precipitation for the five-month period September 1978-January 1979. 

The overestimate of  SWSA 4 has been noted 

Corrective measures were applied at SWSA 5 in the summers of 1975 

and 1977. 21, 23 

watcrshed) in the  Boyle study averaged about 6.7 mCi/cm of precipitation 

for the water years 1967-76.* About 90% of the flow was estimated to 

come from SWSA 5 and 10% from the HRT tributary.18 By comparison the 

1979-84 discharges from SWSA 5 and the HRT tributary averaged 4.4  and 

0 .07  mCi/cm o f  precipitation, respectively. The 1975-77 remedial 

measures appear to have reduced the 90Sr discharges from SWSA 5 by about 

308. 

Discharges attributed to SWSA 5 (actually Melton Branch 

4.1.6.5 SWSA 6 

The 90Sr discharges from the small surface tributaries in SWSA 6 

during 1985 are estimated to be about 3 mCi, or 0.1% of the discharges 

at White Oak Dam. This estimate is based on limited stream flow 

(volume) measurements and grab samples assuming that 

(1) the discharges from SWSA 6 followed the same pattern as the 

discharges from the other Melton Valley burial grounds, 

(2) the measured flows at SWSA 6 for the period June-October 1985 

were 32% of  the total flow f o r  the year (by analogy to f l o w s  

measured at other locations in Melton  Valley), and 

(3) the concentration was the average of grab samples collected in 

May 1985, October 1985, January 1986, and March 1986. 

*The average does not include 1968, when there was a source other 
than buried waste. 
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The concentration and stream flow data for SWSA 6 were collected by E. 

J. Davis and are summarized in Tables A . 2 2  and A . 2 3 . 2 4  Stream flows for 

other Melton Valley waste areas are also given in Table A . 2 3  t o  

illustrate the monthly variations throughout the year. 

the discharges to the surface drainages, there may be groundwater 

discharges directly to White Oak Lake that bypass the SWSA 6 gauging 

stations. 

tion conditions. 

releases may increase with time as the containers corrode, making the 

waste more accessible to leaching. 

In addition to 

Discharges would probably be higher under normal precipita- 

Because SWSA 6 is the most recent burial ground, 

4.2  TRITIUM 

The tritium (3H) discharges have been monitored at White Oak Dam 

since 1964.l' 

that most of the tritium comes from SWSA 5 .  

releases were low until the mid 60s (Table 4 . 5 ) .  Starting in 1967,  a 

dramatic increase in the quantity of tritium was observed in the creek. 

This increase was investigated] and the evidence indicated that the 

tritium originated in shipments of material received from Mound 

Laboratory before 1967. l '  

5.'' 

generated tritium-bearing wastes. 25 

received from "Site M" in Dayton (Mound Laboratory is near Dayton) in 

1945 for burial, followed by virtually weekly shipments from a source in 

that city during the late 1 9 4 0 ~ . ~ ~  

tritium waste in SWSAs 3 and 4 .  

Information about the sources is sparse. 

Historically, tritium 

It is thought 

The waste material was disposed of in SWSA 

Mound Laboratory did work on the hydrogen bomb and would have 

Two shipments were reportedly 

Thus, there is a possibility of 

Tritium discharges at White Oak Dam remained high until 1976,  when 

they decreased to about the levels observed today (still relatively 

high; see Table 4 . 5 ) .  For the period 1976-85 they have held constant at 

about 43 Ci/cm of  precipitation. 

The reduction ( -40%) in the tritium discharges was probably the 

result of corrective measures at SWSA 5. In the summer of 1975 vertical 

dams were installed in two trenches, and a polyvinyl membrane w a s  placed 

over four trenches. Additional work was done at SWSA 5 in 1977.23 

near-surface seal consisting of a bentonite-shale mixture was placed 

A 



Table 4.5. T r i t i u m  r e l e a s e s  a t  White Oak Dam 
a s  a f u n c t i o n s  of p r e c i p i t a t i o n ,  1964-1975 

3H r e l e a s e  

Year 
P r e c i p i t a t i o n  

(cm) cia 
C i  p e r  

cm p r e c i p i t a t i o n  

1964 1 27b 1,930 15 

1965 

1966 

122b 

120b 

1 ,160  

3,090 

10 

26 

1967 175b 13,270 76 

1968 IOlb 9,680 96 

1969 126b 12,250 97 

1970 133b 9,470 71 

1971 

1972 

1973 

1974 

1975 

135b 

165b 

183c 

151c 

151C 

8,940 

10,600 

15,000 

8 ,630  

11,060 

76 (til), 
a v e r a g e  

64 

1'1 
73 

After c o r r e c t i v e  measures a t  SWSA 5 

1976 136C 7,420 54' 

1977 154C 6,250 41 

1978 I36C 6,290 46 

197') 171b 7 ,  700d 4 5  

1980 

1981 

102b 

104f 

3,400" 

2,900' 
33 1 43 ( f 7 ) ,  
28 average  

50 7 37 

1982 I34f  5,400" 

I983  106f 5 ,  600e 

1984 12Yf 6,400e 

1985 lOlf 3,70@ 
~ ._.....__. _I 

a T .  W. Oakes and K. E. Shank, R a d i o a c t i v e  Waste Disposa l  AreaLaAd Assoc ia ted  
Environmental  S u r v e i l l a n c e  Data-.-ct-- Oak Ridge Nationta-L-Laboratory, ORNL/TM-6893, 
December 1Y83, p. 14. 

b k a t i o o a l  Oceanic and Atiuos2heric AdrolnLstration (NOAA), Oak Ridge weather  
s t a t i o n ;  B. Kicks,  p e r s o n a l  comunication t o  M .  8. S e a r s ,  June  4 ,  1986. 

M .  B. S e a r s ,  J u l y  1,  1986. 
steam p l a n t  d a t a ;  V. T. (Arrmony (OKNL), p e r s o n a l  coronunication t o  

dEnvironmental  .. N o n i t o r i n s  Repor t ,  United S t a t e s  Department of Energy, Oak 

eEnvironiaental  Monitoring Keport, United S t a t e s  Department of EnergyL-Oa& 

fEngineered  T e s t  F a c i l t t y  (SUSA 6 )  d a t a ;  E. J. Davis ( O K N L ) ,  p e r s o n a l  com- 

Ridge F a c i l i t i e s ,  Calendar  Year 1979. Y-Ut(-13, June 2 ,  1980. p .  36. 

Ridge F a c i l i t i e s ,  Calendar  Year 19.84, ORNL-6209, August 1985, p .  26. 

munica t ion  t o  M. B. S e e r s ,  J u l y  9,  1YB6. 

gEnE!ironinrntal S u r v e i l l a n c e  of  t h e  Oak Ridge ReservAtion and Surrounding- 
Envi rons  During 1985, ORNL-6271, A p r i l  1986, p. X X I V .  ____ _-- 
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over 14 trenches, and other corrective measures were taken (filling of  

collapsed trenches, installation of concrete drainage ditches, surface 

contouring for better drainage, etc. ) . 23 

taken at SWSA 4 in 1975.21 

Remedial measures were a l s o  

Limited stream monitoring data exist for tritium at the WOC and 

Melton Branch 1 stations (Table 4.6). In 1972-73 (before corrective 

measures), 90-95% of the tritium was found in Melton Branch.18 More 

recent monitoring by DEM revealed that Melton Branch contributed 60% of  

the tritium in 1985 and 91% in the first quarter of 1986 (Table 4.6) . ?  

There apparently was a Bethel Valley source (or sources) during the 

first half of 1985 that was not present the last half  of the year or 

Table 4.6. Tritium discharge to streamsa 

3H discharge (Ci) 

White Oak Creek 

Period (SWSA 5) Bethel Valley) 
Melton Branch (SWSA 4 plus 

1972b 9,450 (90% of 1,060 
known discharge) 

1973b 

198!jC 

14,250 (95% of 750 
known discharge) 

2,570 (62% of 1, 560d 
known discharge) 

January-March 1986' 1,400 (91% of 120e 
known discharge) 

aNo discharge data for SWSA 6 or pits and 

bJ. W. Boyle et al., Environmental Analysis of the_ 
trenches. 

Operation of the Oak Ridge National Lab oratory (X-10 
Site), ORNL-5870, November 1982, p. 3-45. 

from K. L. Daniels (ORNL) to M. B. Sears, June 23 and 
26, 1986. 

dAppears to have been Bethel Valley source( s )  
during first one-half of  1985; tritium releases during 
January-March 1985 were a factor of 10 higher than 
first-quarter 1986 discharges. 

uted 0-1%. 

'Based on data in DEM files; person communications 

eSWSA 4 contributed 8-9%; Bethel Valley eontrib- 



during early 1 9 8 6  (Table A . 2 4 ) .  

January-March 1 9 8 5  were a factor of 10 higher than those during the 

first quarter of  1 9 8 6 ,  when the 7 5 0 0  bridge station (the exit froin 

Bethel Valley) was monitored for tritium and found to be near 

Discharges at the WOG station for 

background,’ 

Melton Branch, 8 - 9 %  from SWSA 4 ,  and 0-18 from Bethel Valley. (The 7500 

bridge station was not monitored for tritium in 1 9 8 5 . )  

In the first quarter of 1 9 8 6 ,  91% of the tritium was from 

The estimated tritium discharge from HFIR to the ponds (which 

discharge to Melton Branch) is about 31 Ci/year based on the analysis of 

the pool water and estimated flows. 27* 

compared with the 2 6 0 0  Ci discharged from Melton Branch in 1 9 8 5 .  The 

TPP facility discharges only cooling tower water to the ponds. 2o TPP 

handles an estimated 12 Ci of tritium per year, with the waste 

discharged to either the process waste system or the stack.20 

information on tritium is available for the HRT branch. 

A summary of groundwater monitoring data for tritium around the 

This discharge is insignificant 

No 

SWSAs is presented in Tables 4 .7  and 4 . 8  for 1 9 8 4  and 1 9 8 5 .  The 

groundwater monitoring data show that the tritium levels are much higher 

in SWSA 5 than in the other burial grounds and that there is a greater 

potential for tritium releases from SWSA 5 .  However, the discharge to 

the creek depends also upon the flow (volume) rate, which is unknown. 

SWSAs 1, 2, and 3 are probably minor tritium sources, because 

tritium concentrations at the 7 5 0 0  bridge station (exit from Bethel 

Valley) were only slightly above background during the period 

January-March 1 9 8 6 .  The Northwest Tributary (SWSA 3) and First Creek 

were monitored f o r  tritium during the period July-November 1 9 8 5  and 

found to be background.’ 

The tritium discharge from the small surface tributaries in SWSA 6 

during 1 9 8 5  is estimated as about 60 mCi, or 1 . 5 %  of the known input to 

the WOC watershed. The assumptions were given in Sect. 4 . 1 . 6 . 5  (see also 

Tables A.22 and A.23). This estimate does not 

discharges direct to White Oak Lake, bypassing 

include any groundwater 

the weirs. Discharges 

*Assumptions: Concentration of tritium in 
2 x Bq/L ( 5 4  pCi/L) ; discharge 10,000 gal 
1 5  cycles per year. 27 

HFIR storage pool water, 
(38,000 L) per shutdown; 



45 

Table  4.7. 1984 groundwater monitoring of radionuclides 
around OKNL s o l i d  waste storage areasa 

NO. oi  
Analysis samples P k X  X i  n Av 

bOC0 
137c, 

Gross alpha 

3H 

9% 

6OCO 
137c, 

Gross alpha 

'H 

9% 

6 0 C O  

3376s 

3, 

9% 

Gross alpha 

60630 
137Cs 

Gross alpha 

'H 
9% 

6OCO 

136s 
Gross aLpha 

3H 

"SK 

Solid Waste Storage Area 4 

17 6.2 (0.22 

26 270 0.76 
10 68 0.27 

24 170,000 590 

27 4,100 12 

S o l i d  Waste Storage Area 5 

33 6.5 (0.19 

54 51 (0.19 
24 25 0.27 

49 34,000,000 1,800 

50 220,000 0.49 

Solid Waste Storage Area 6 

4 1.4 (0.16 

9 23 <0.54 
3 2.7 0.81 

11 3,900 (81 
12 470 1.9 

Pits and trenches 

36 2,600 0.41 

36 130 0.57 
15 410 0.27 

34 25,000 570 

35 230 0.43 

&€erencc wel l s  

3 

7 
2 

10 

10 

1.4 (0.08 

1 2  <1.0 
2.7 2.2 

360 <o 1 

35  1 .0 

(1 .5  

32 
15 

28,000 

1.100 

<1.1 
<6 .1  

4 . 6  

4,700,000 

5,500 

(0.70 

<Ic).0 
2.1 

<1,300 

140 

410 

16 
62 

10,000 

29 

(0.58 

<5.Q 
2.4 

<220 
13 

abnvirvnmental ,?lonitoring Report, United StdteS uepartment ot  
bnergy, Oak Kidge F d c i l i t i e s ,  Calendar Year 1984, Ot(VL-6209, August 
1985, P .  71. 

.bTo convert t K o t U  10-8 (;i/:oL to  10-4 n q / m L ,  m u l t i p l y  
value i n  table  by 3.7. 
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Table 4.8. 1985 groundwater monitoring of radionuclides 
around O W L  s o l i d  waste storage areasa 

No. of 
Analysis samples  Max Mi n Av 

6OCO 

3, 

9% 

~ 3 7 ~ ~  
Gross alpha 

6OCO 

137cs 
Gross alpha 

3H 

6OCO 

137cs 

9% 

Gross alpha 

3H 

6OCO 

3n 

137Cs 
Gross alpha 

" S K  

6Oco 

1% 

9% 

Gross alpha 

3H 

Solid Waste Storage Area 4 

8 0.54 <0.27 

8 2.3 <0.27 
8 170 2.7 

8 200,000 1,100 

8 2,500 30 

Solid Waste Storage Area 5 

11 3.0 <O. 27 
11 2.7 <0.27 
11 95 <1.1 
11 7,30U ,000 2,000 

11 1,400 1.8 

Solid Waste Storage Area 6 

b 0.54 <0.27 
6 1.6 <0.27 
6 5.4 <1.4 

6 6,200 190 
6 8.4 0.35 

Pits and trenches 

8 2,000 <0.54 

8 3.2 <0.27 
8 130 0.54 

8 14,000 2,200 

8 12 0.22 

Reference w e l l s  

0.54 <0.54 

1.1 <0.27 
6.2 1.6 

250 120 

3.2 0.19 

<O. 49 

<0.82 
32 

34,000 

660 

<o. 80 
<0.97 
<21 

2,000,000 
480 

<0.50 

<0.58 
<3.7 

2,100 
2.3 

<580 

<1.8 
33 

8,600 

3.2 

<0.54 

<0.58 
3.5 

170 
1.4 

aEnvironmental Surveillance of t h e  Oak Ridge Reservation and 

value i n  table by 3.7. 
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would probably be higher under normal precipitation conditions. 

SWSA 6 is the most recent burial ground, releases might increase with 

time as containers corrode, making the waste more accessible to 

leaching. 

Because 

No data are available on tritium discharges from the pits ‘area. The 

groundwater monitoring data suggest that the pits and trenches are 

probably small contributors compared with SWSA 5, but stream data are 

needed for confirmation. 

Tritium is the major contributor to the drinking water total-body 

dose. For planning purposes the conservative approach would be to 

assume 90% of the tritium from SWSA 5 and 10% from SWSA 4 ,  and to watch 

the Bethel Valley sources, the pits and trenches, and SWSA 6 ,  The HRT 

tributary should also be checked. It is recommended that additional 

monitoring data for tritium be acquired. 

4.3 CESIUM-137 AND COBALT-60 

Discharges of 137Cs and 6oCo from several sources to the WOC 

drainage in 1 9 8 5  are presented in Tables 4 . 9 ,  A.25, and A.26. 

Quantitative data were not available for some of the waste areas. While 

the major sources are known, both longer term monitoring and more 

sampling points are needed to draw a material balance, 

The major source of 137Cs (of sources monitored) was the process 

waste treatment plant effluent. This finding is in agreement with 

conclusions in Cerling’s studies of streambed gravels .I5 The Melton 

Branch facilities (SWSA 5, H F I R ,  HRT, etc.) collectively contributed 

less than 1% of the 137Cs discharges. 

and First Creek were monitored for 137Cs in the creek water during the 

period July 1985-March 1986 and found to be below the analytical lirnic 

of detection.* Cerling found that the 137Cs levels in streambed gravels 

upstream of  the flume were essentially background in the summer of 

1985.15 The low levels of  137Cs in the groundwater around the SWSAs and 

pits and trenches indicate that these are relatively small sources 

(Tables 4 . 7  and 4 . 8 ) .  Studies of the streambed gravels in 1978 a l s o  

showed that the small subdrainages from the Melton Valley waste areas 

are of  low concern for 137Cs compared with the contamination from Bethel 
Valley sources. 13 

The Northwest Tributary (SWSA 3 )  
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Table  4.9. Discharges of 137Cs and 6oCo from v a r i o u s  waste  a r e a s  
t o  White Oak Creek d r a i n a g e  i n  1985a 

Discharge (mCi) 

Area 

Be t h e 1  Val ley 

Process  waste  t rea tment  p l a n t  
Sewage t r e a t m e n t  p l a n t  
190 Ponds 
Undefined s o u r c e s  

1090 240 
4 2 

1 4  3 
N A ~  NA 

White Oak Creek ( B e t h e l  Val ley and SWSA 4 )  690 2 10 

Melton Branch 5 140 

P i t s  and t r e n c h e s  NA NA 

SWSA 6 NA NA 

White Oak Dam 250  260e 
- - - _ _ _ ~ -  -- -.- 

aBased on d a t a  i n  Department of EnvironnentaL Xanagement f i l e s ;  
p e r s o n a l  communications froia K. L. Daniels  (ORNL) t o  El .  B. S e a r s ,  
June 2 3  and 26, 1986. 

bJanuary-November 1985; d a t a  not  a v a i l a b l e  f o r  December. 

CJanuary-Decenber 1985. 

d N A  = not  a v a i l a b l e .  

eDoes n o t  i n c l u d e  d a t a  f o r  t h e  n i n t h  week of 1985 ( l a s t  week of 
F e b r u a r y ) ,  which a r e  thought  t o  be i n  e r r o r ;  r e p o r t e d  v a l u e  f o r  t h e  
n i n t h  week was 375 m C i .  

Much of  the 137Cs i s  adsorbed by t h e  stream sediments  and moves 

w i t h  t h e  sed iments ,  i n  c o n t r a s t  t o  9 0 S r ,  which moves mainly i n  

s o l u t i o n . 2 8  An estimated 60% o f  t h e  1 3 7 C s  i n f l o w  t o  White Oak Lake w a s  

r e t a i n e d  i n  t h e  s e t t l i n g  b a s i n  d u r i n g  1985. T h i s  i s  c o n s i s t e n t  w i t h  

s t u d i e s  conducted by S t r u x n e s s  e t  a1.29 i n  t h e  ear1.y 1960s, showing t h a t  

698 o f  t h e  137Cs i n  t h e  WOC system moved with t h e  sediments  ( 2 %  f o r  90Sr  

and 19% f o r  6oCo). The 137Cs d i s c h a r g e s  from t h e  p r o c e s s  waste t r e a t m e n t  

p l a n t  were u n u s u a l l y  h i g h  d u r i n g  August and September 1985 (-50% o f  t h e  

t o t a l  f o r  t h e  y e a r ) ,  and t h e  i n p u t  t o  WOC exceeded the out f low at t h e  

WOC s t a t i - o n  d u r i n g  t h e  p e r i o d  August-November (Table  A.25) .  I t  i s  

i n f e r r e d  t h a t  t h e  1 3 7 C s  is  i n  t h e  sediments  and t h a t  it t a k e s  t i m e  f o r  

t h e  stream t o  c l e a n s e  i t s e l f ,  
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In the monitored streams, the process waste treatment plant 

effluent contributed about 60% and Melton Branch sources about 40% of  

the 6oCo (Tables 4 . 9  and A .  2 6 ) .  

studies of the streambed gravels by Cerling and Spalding, who rated 

Melton Branch at 75% (with HFIR the major source) in 1978,13 and 

qualitatively still the major source in 1985.15 

from HFIR are probably in the form of insoluble fine particulates (i.e., 

corrosion products of neutron activated stainless steel) , while the 6oCo 

in the process waste treatment plant effluent is probably in solution, 

since the plant has filters. Northwest Tributary (SWSA 3) and First 

Creek were monitored for 60Co in the creek water during the period July 

1985-March 1986 and found to be below the limit of detection.2 

summer of 1985, the 6oCo levels in streambed gravels upstream of the 

flume were essentially background. l5 

gravel monitoring data indicate that SWSAs 4 and 5 are relatively minor 

sources of 60Co compared with other sources of contamination (Tables 4 . 7  

and 4.8, and Refs. 13 and 15). However, there may be small discharges 

from the pits and trenches area. 

These percentages differ from those in 

The 60Co discharges 

In the 

Both the groundwater and the 

During periods of heavy rain essentially all the 137Cs and part of 

the 6oCo that moves out of the WOC-White Oak Lake system moves with the 

sediments.28 

sediments at the bottom of White Oak Lake might be an active source 

during high flow conditions, 

1985 occurred on August 16: 101 mm at the Engineered Test Facility 

station (SWSA 6), followed by 38 mm the following day. The known inputs 

to White Oak Lake exceeded the outflow at the dam; that is, White Oak 

Lake functioned as a settling basin (Table 4.10). For this particular 

storm White Oak Lake itself did not appear to be an active source when 

compared with the sources feeding into the lake. However, the 30-year 

accumulation of  contaminated sediments in White Oak Lake is a potential 

source that should be addressed in the decommissioning plan. 

There has been some question as to whether the accumulated 

The heaviest 24-hour precipitatlon during. 
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Table 4.10. Discharge of 137Cs and 6oCo during storm i.n August 1985a 

Discharge (mCi) 

137cs 6Oco 

Week Week Week Week 
Area 33a 34b 33 34 

White Oak Creek 10.8 70.5 3.0 8.5 

Melton Branch 0.8 0 .4  10.7 6.7 

Sum (known input to White 1 1 . 6  70.9 13.7 15.2 

- __I 

Oak Lake) 

White Oak Dam 2.9 13.7 3.6 4 . 8  
- 

aBased on data in DEM files; personal communications from 

bStorm occurred during the 33rd week of 1985. 
CStream flow peaked at White Oak Dam during the 34th week o f  

K. L. Daniels (ORNL) to M. B, Sears, June 23 and 26, 1986. 

1985. 

4 . 4  

1. 

2 .  

3. 

4 .  

5 .  

6. 

7 .  

8 .  
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5. EVALUATION AND RECOMMENDATIONS 

A search was made for information that could be used to develop 

source terms for the dose calculations by waste management sites or 

areas. A relatively extensive data base exists for "Sr, although data 

are given primarily by area rather than for individual sites. 

term data for 3 H ,  137Csl and 6oCo by waste management area are limited. 

Additional source term data are needed before the dose calculations by 

individual sites can be made. 

Source 

A qualitative assessment, based on the available information, was 

made for preliminary planning purposes. The waste management areas were 

evaluated in terms of currently active discharges of environmentally 

significant nuclides to surface streams. Of the known discharges, the 

undefined (uncontrolled) sources in the central Bethel Valley site, SWSA 

5, SWSA 4 ,  and the process waste treatment plant effluent are the major 

contributors to the off-site doses via aquatic pathways (Table 5.1). 

SWSA 6 bears watching. 

1985, discharges might be higher under normal precipitation conditions. 

Also, because it is the most recent burial ground, leaching might 

increase with time. SWSAs 2 and 3 ,  the HRT ponds, the HFIR ponds and 

the TPP ponds are lower priority from the perspective of off-site dose 

to the general public. The limited data available indicate that the 

accumulated sediments at the bottom of White Oak Lake are probably n o t  

an active source when compared with the sources feeding into the lake. 

However, the accumulated sediments are a potential source that should be 

addressed in any decommissioning plan. 

While SWSA 6 appeared to be a small source in 

At the present time, releases of TRU alpha emitters from ORNL are 

quite small. The plutonium content of Clinch River fish is highest near 

the confluence with Poplar Creek (Table 3 . 5 ) ;  the source is probably the 

Y-12 plant. 

Additional monitoring data should be acquired for both surface 

water transport and ground water migration. 

5 3  



T a b l e  5.1. P r i o r i t y  a r e a s  f o r  r e m e d i a l  i n v e s t i g a t i o n  

Waste  
management O b j e c t i v e  of 

Ranking a r e a  C r  i t e r i a a  r e m e d i a l  a c t i o n  

l a  C e n t r a l  B e t h e l  V a l l e y  s 
u n i d e n t i f i e d  s o u r c e s  

C o n s t r u c t i o n  a c t i v i t i e s  
l i n e  b r e a k s ,  e tc .  

l b  SWSA 5 

2a SWSA 4 

2 b  P r o c e s s  w a s t e  t r e a t m e n t  
p l a n t  

t e  , C o n t r i b u t e  -27-31% of  c h r o n i c  "Sr 
d i s c h a r g e s  (-30-mrem bone d o s e  from 
d r i n k i n g  w a t e r )  

I n  1985, B e t h e l  V a l l e y  s i t e  d i s c h a r g e s  
i n c r e a s e d  by a f a c t o r  of  3 and c a u s e d  
ORNL t o  be i n  non-compliance 

C o n t r i b u t e s  -60-9UX of 3H and -24% 
of  t h e  90Sr (-22- t o  3 l a rem t o t a l  
body and -39- t o  46-mrem bone d o s e  
f rom d r i n k i n g  w a t e r )  

C o n t r i b u t e s  -31% o f  "Sr and -10% of 
3 H  (-7-mrem t o t a l  body and -35- 
nrern bone d o s e  from d r i n k i n g  w a t e r )  

C o n t r i b u t e s  most of 137Cs and a b o u t  
one-ha l f  t h e  

Reduce bone d o s e  

Ensure  r e g u l a t o r y  com- 
p l i a n c e ;  a n d  t h a t  d o s e s  
a r e  "as low a s  r e a s o n -  
a b l y  a c h i e v a b l e "  (ALARA) 

Reduce t o t a l  body d o s e  
froin d r i n k i n g  water; 
r e d u c e  bone d o s e  

Keduce bone d o s e  

Reduce t o t a l  body d o s e  
f rom e a t i n g  C l i n c h  
R i v e r  f i s h  

aDose e s t i m a t e s  a r e  f o r  d r i n k i n g  t h e  w a t e r  a t  White Oak Dan; t h e y  assume t h e  1984 d i s c h a r g e s  and  d i s t r i b u -  
t i o n  f a c t o r s  d e f i n e d  above.  
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Table A . l .  Monthly precipitation a t  O W L  and NOAA townsite stations, 1972-1979asb 
~ - ~- ~ ~ 

Precipitation (cm} ___-- - _ _ _ _ _ _ ~ _ _ _ _  Station 
locat ion Jan. Feb. March April May June July  Aug. Sept. Oct. Nov. Dec. Annual 

ORNL 
N O M  

ORNL 
N O M  

ORNL 
NOAA 

ORNL 
N O M  

ORNL 
N O M  

ORNL 
N O U  

ORNL 
NOAA 

ORNL 
N O M  

C 

18.59 

10.13 
10.69 

24.18 
24.43 

L3.41 
14.94 

16.28 
13.89 

6.07 
6.40 

16.43 
15.21 

15.44 
19.30 

C 

12.27 

10.29 
8.69 

13.61 
11.99 

15.21 
15.01 

9.12 
6.60 

7.32 
4.80 

3.84 
2.87 

12.90 
10.92 

19.71 
15.21 

29.08 
29.03 

18.26 
18.34 

30 -07 
31 -09 

15 -90 
15.24 

15.29 
13.77 

11.76 
11.91 

10.74 
12.73 

6.83 
7.47 

13.26 
14.38 

10.49 
9.60 

7.11 
5.99 

2.46 
2.24 

20.47 
21 -59 

7.06 
8.15 

14.09 
13.33 

11.00 
14.76 

22.96 
26.49 

16.92 
20.27 

13.06 
10.21 

18.19 
18.39 

7.03 
4.24 

12.27 
1 I .43 

d 
23,67 

1972 
10.39 
14.12 

1973 

8.36 
17.63 

1974 
11.76 
5.08 

_I 

1975 
12.70 
14.22 

1976 
11.91 
12.19 

1977 
20.29 
16.97 

1978 
11.76 
10.08 

1979 
d 

9.47 

I-- 

- 

-- 

- -- 

__ 

15.39 
13.26 

17.73 
14.07 

2.31 
5.05 

2.77 
7.32 

12.47 
10.24 

6.71 
10.44 

16.71 
12.42 

d 

32.82 

10.41 
4.50 

3.87 
5.72 

14.48 
10.95 

5.05 
6.78 

6.91 
12.42 

9.55 
11.17 

20.55 
14.60 

10.92 
13.94 

10.57 
10.87 

7.65 
8.66 

6.93 
10.62 

15.75 
14.71 

10.36 
11.58 

20.68 
22.02 

5.56 
4.32 

10.77 
9.50 

13.41 
17 -65 

9.75 
8.53 

4.70 
4.52 

13.46 
14.10 

14.12 
15.01 

12.50 
12.62 

1.14 
0.99 

6.15 
4.90 

9.17 
12.75 

25.04 
27.38 

12.93 
12.80 

8.10 
8.69 

7.21 
5.77 

20.98 
23.16 

13.92 
14.07 

15.11 
14.66 

26.82 
23.37 

24.42 
22.6 L 

14.25 
12.60 

14.48 
11.07 

11.33 
11.89 

7.24 
12.24 

14.71 
16.89 

6.02 
5.69 

C 

164.82 

182.58 
193.86 

150.82 
146.25 

151.18 
154.13 

Ul 
\D 

136.27 
135.46 

154.13 
159.44 

135.69 
122.96 

d 

170.94 - _I___ _ _ _ _ _ _ _ - - _ - _ _ - ~ - ~ - _ ~ - - - - I  _____-___I___-__ 

aORNL steam plant (Building 2519) s t a t t o n  Incared at the central Bethel Valley site; data Prom V. T. tarmony (ORNL), per- 

bNOAA station located at Oak Ridge townsite;  d a t a  from E. Hicks (NOAA), personal communication to M. E. Sears, 

CGauging station not i n  opera t ion  unttl March 1972. 
dRecords missing and presumed lost 

sona l  communication to M. B. Sears,  July 1, 1986. 

June 4 ,  1986. 



Table A.2. Monthly precipitation at ORNL and N O M  townsite stations, 1980-Apr i l  1986a*C 

Precipitation (cm) 
St at ion 
1 oca t ion Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Annual 

ORNL 9.50 
SWSA 6 e 
N OAA 15.85 

ORhL 1 . 7 1  
SUSA 6 2.21 
Ej OAA 2.36 

OKNL 12.93 
SWSA 6 16.28 
SOAA 1 7 . U 7  

O K X  4.60 
SWSA 6 3.93 
N UAA 4.44 

SWSA 6 6. 13 
>v OAA 6.65 

O R k L  7. 67 
SiJSA 6 5.65 
hUAA 7.32 

OiiXL 3.38 
SWSA 6 3.11 

4.42 
e 

3.84 

8.UO 
l i . 9 3  
11.91 

13.74 
13.09 
13.77 

9.47 
iu .  33  
l l . i 3  

9.22 
9.96 

9.83 
7.94 
9.47 

14.58 
10.35 

19.86 
e 

23.37 

7.11 
7.34 
9.12 

16.18 
16.26 
15.75 

5.92 
5.41 
6.53 

11.33 
12.22 

6.50 
3.68 
6.60 

6.76 
7.17 

10.54 
e 

9.89 

8 .33  
9.37 

11.63 

6 . 9 3  
6.44 
7.09 

16.97 
11.43 
lo. 26 

9 .54  
10.57 

5.66 
4.32 
5.66 

4 .55  
5.14 

8.81 
e 

7.64 

7.47 
10.85 

6.73 

6.68 
6.07 
7.32 

i6.2 1 
i3 .21  
17.53 

27.21 
27.18 

5.74 
5.97 
9.73 

1 9 8 0  - 
1.07 

2.16 
e 

1981 

13.64 
12.23 
11.43 

1982 

1U. 59  
7.04 
5.46 

- 

- 

1983 

5.20 
5.39 
6.43 

mf 
9.18 

11.94 

1985 

12.07 
13.27 
12.90 

1986 

- 

2.29 
e 

6.07 

5.11 
7.40 
6.15 

16.31 
13.80 
17.80 

8 .33  
4.80 
6.12 

18.06 
22.15 

12.73 
10.09 
i6 .33  

2.79 
3.25e 
5.26 

9.19 
7.55 
7.99 

13 .03  
9.24 

11.71 

2.74 
2.92 
3.25 

4.32 
4.75 

25 .45  
23 .05  
2 i . 4 9  

6.32 
6.87 
8 .41  

11.71 
7.10 
9.91 

4.50 
6.36 

13.59 

4.72 
4.48 
5.26 

2.03 
4.75 

3.23 
4.25 
4.72 

2.72 
4.63 
2.74 

9.86 
9.35 

12.42 

6.45 
6.14 
4.95 

14.96 
11.64 
11.63 

15.62 
15.72 

5.41 
7.56 
7.82 

5.44 
10.16 
11.56 

8.41 
1.92 
8.13 

23 .65  
15.08 
19.84 

15.04 
13.73 
14.86 

11.30 
11.10 

11.61 
10.16 
11.40 

4.32 
4.35 
5. 1 3  

iu.85 
10.24 
10.46 

LO. 37 
17 .73  
18.34 

18 .03  
18.48 
17.65 

5.27 
6. 58 

4.85 
5.27 
5.30 

78. Osd 
e 

1u1.9u 

101.4U 
193.49 
i08.15 

151.36 
133.53 
152.53 

122.28 
lU5.75 
121.08 

129.21 
143.56 

111.). 7 4  
1L11.21 
118.82 

t 

a U K N L  steam plant (Building 2519)  station located at the central Bethel Valley site; data from V. T. Carmony (ORNL),  per- 

bEngineered Test Facility station located in SWSA 6, Melton Valley; data from E. J. &vis (ORNLj ,  personal communication to 

C N O M  station located at Oak Ridge townsite; data from 8. Kicks ( N O M ) .  personal communication to M. B. Sears, June 4,  1986. 

dValue appears low relative to NOAA data. 
eStation at SWSA 6 'was not in operation until Aug. 10, 1980. 

f O R N L  steam plant records f o r  1984 were not readily available at the time of t h i s  study. 

sonal communication to M. B. Sears, July i ,  1986. 

M. d .  Sears, July 9, 1986. 
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T a b l e  A.4. Summary of l i q u i d  w a s t e  s e e p a g e  p i t s  and  t r e n c h e s a  

Q u a n t i t y  E s t i m a t e d  

S i t e  b c a t i o n b  Type of w a s t e  o r  f a c i l i t y  d a t e s  (L)  i n v e n t o r y  
S e r v i c e  d i s p o s e d  r a d i o n u c l i d e  

Waste  p i t  1 7805 L i q u i d  LLW 1951 4.5 i o 4  600 C i  
( M e l t o n  V a l l e y )  D e c o n t a m i n a t i o n  w a s t e  1962-64 

Waste p i t s  2-4 7806-7808 L i q u i d  LLW 
( M e l t o n  V a l l e y )  

Waste t r e n c h  5 7809 L i q u i d  LLW 
( M e l t o n  V a l l e y )  

Waste t r e n c h  6 7890 L i q u i d  LLU 
( M e l t o n  V a l l e y )  

Waste t r e n c h  7 7818 L i q u i d  LLW 
( M e l t o n  V a l l e y )  

1 95  2-7 bC 9.1 107  4.8 105 c i  

1960-66 3.6 107 3.1 x 105 ci 

1961 4.9 105  850 C i  

1962-66 3.2 107  2.7 105 c i  

Xornogenous R e a c t o r  7809 L i q u i d  s u l f u r i c  a c i d  510 4652 g U; 
Exper imen t  (HRE) (Mel ton  V a l l e y )  s o l u t i o n  c o n t a i n i n g  <20 C i  
f u e l  wells u ran ium 9 OSr, 1 O%U 

a S o u r c e s :  B. P. S p a l d i n g  and W. J. Boeg ly ,  Jr. (ORNL),  p e r s o n a l  communica t ion ,  Sep tember  1985. 
J. 0. Duuguid, S t a t u s  R e p o r t  on R a d i o a c t i v i t y  Movement f rom B u r i a l  Grounds i n  Mel ton  and  S e t h e l  V a l l e y s ,  
OKiSL-5017, J u l y  1955. C. E. Nix e t  a l .  (ORNL),  p e r s o n a l  communica t ion ,  March 1986. 

bXap showing l o c a t i o n s  g i v e n  i n  F ig .  4.1. 

CTaken o u t  of s e r v i c e  f o r  d i s p o s a l  of  LLW l i q u i d  i n  1962, b u t  P i t  4 u s e d  f o r  d i s p o s a l  of s l u d g e  f rom 
t h e  p r o c e s s  w a s t e  t r e a t m e n t  p l a n t  u n t i l  1976. 



Table A.5. Summary of process ponds i n  Be the l  Val1eya.b 

S i t e  Locat ion S t a t u s  

Est imated 
r a d i o n u c l i d e  

Approximate inven to ry  
Type of w a s t e  o r  f a c i l i t y  S e r v i c e  d a t e s  c a p a c i t y  ( L )  (Ci) 

E q u a l i z a t i o n  b a s i n  

IYU Ponds ( 2 )  

Sewage lagoon 
e a s t  bas in  

Waste bas in  

Uaste b a s i n  

Low-intensity test  
ceaccor  pond 

3524 Ac t ive  

3539.3540 Ac t ive  

C o l l e c t i o n  b a s i n  and surge volume i945-present  3.8 x 106 150 
f o r  f eed  t o  p r o c e s s  waste treat-  
ment p l a n t  

C o l l e c t i o n  of p r o c e s s  wastewater  1964-present 5.7 x lo6 each  <IO 
f rom 4500 a r e a  

2521 I n a c t i v e / s  tandby S a n i t a r y  waste  19 54-1 985 3.8 x 106 (10 

3512 I n a c t i v e / s t a b i l i z e d  Catch b a s i n  f o r  l i q u i d  waste  1944-1 950 1.1 x I05 Lnknovn 
c o l l e c t e d  from t ank  farm 

3513 I n a c t i v e  Solids s e t t l i n g  b a s i n  for LW 1944-1 97 b 7 x 106  150 
s u p e r n a t e  from y u n i t e  tanks 
and p r o c e s s  wastewater  

3u75 l u a c t i v e f s t a b i l i z e d  Retent ion pond f o r  p r o c e s s  waste- 19 51-1954 b.8 x IU4 imknown 
water t ~ o m  t h e  r e a c t o r  

aF. L. Taylor  (OKNL), p e r s o n a l  communication, March 1366. 

bi. t. Nix e t  a l .  ( O K N L ) ,  p e r s o n a l  communication, March 1986. 



Table A.6. Summary o f  p r o c e s s  ponds and o t h e r  impoundments in Melton VallePBb 

Es t l m a t e d  
r a d i o n u c l i d e  

Approximate i n v e n t o r y  
S i t e  Loca t ion  S t a t u s  Type of  waste o r  f a c i l i c y  S e r v i c e  d a t e s  c a p a c i t y  ( C i )  

High Fiux I so tope  7905 
Keac to r  ( H F I K )  pond 

HF:K pond 7Y06 

T r s n s u r d n i u n  P rocess ing  7Y07.7YU8 
F a c i l i t y  (TPP) ponds 
( 2 )  

tlomogeneous Reac to r  7556 
Zxperiment ( H R E )  pond 

P rocess  was te  s l u d g e  7835 
b a s i n  (SWSA 5) 

Old Hydro f rac tu re  7852 
F a c i l i t y  b a s i n  
(SWSA 5 )  

'I In  t e rmed ia t e"  pond 
ared (SWSA 4 )  

Vhize C h K  Lake 

A c t i v e  

Ac t i v e  

A c t i v e  

I n a c t i v e /  
s t a b i l i z e d  

I n a c t i v e  

l n a c t i v e  

i n a c t i v e  

A c t i v e  

C o l l e c t i o n  of  p r o c e s s  was tewa te r  
from HFKR; s t a n d b y  f o r  c o o l i n g  
tower blowdown 

C o l l e c t i o n  of  p r o c e s s  w a s t e w a t e r  
f Tom HFIR; backup f o r  TPP ponds 

C o l l e c t i o n  of  p r o c e s s  wastewater 
from TPP 

Holdup b a s i n  f o r  was tewa te r  from 
chemica l  r e p r o c e s s i n g  sys t em and 
t a n k  s h i e l d  wa te r  

S e t t l i n g  and s t o r a g e  b a s i n  f o r  
s l u d g e  from fo rmer  p r o c e s s  was te  
t r e a t m e n t  p l a n t  

Catchment f o r  emergency backflow of 
LLW g r o u t  from h y d r o f r a c t u r e  
o p e r a t i o n s  and equipment  washdown 
w a s t e  

S o l i d s  s e t t l i n g  f o r  White Qlk Creek 

iioldup f o r  !White Oak Creek 

1965-present  

1965-present  

1965-present  

1958- 1961 

1976-1981 

1964-1980 

1944-d 

1943-present  

9 i o5  L 

1.9 x 106 L 

1.9 x 106 L 

1.1 x 106 L 

7.6 x 10' i 

3.8 I U S  L 

9.7 ha 

<10C 

<10c 

<1UC 

91 

50 

85-400 

130 

600-650 

a F .  G. Tay lo r  (ORNL), p e r s o n a l  communicat ion,  March 1986. 

bC.  E .  Nix e t  a l .  ( O R N L ) ,  p e r s o n a l  communicat ion,  March 1986. 

:Combined r a d i o a c t i v i t y  i n  b a s i n s  i n  TPP/i lFIK a r e a  (7905,  7906, 7907, 7908). 

September 1944, t h e  dam was b reached  by h i g h  w a t e r  and t h e  pond was g r e a t l y  r educed  i n  s i z e .  Residua: pond remained u n t i l  e a r l y  
195Us. (J. 0. Duguid, S t a t u s  Repor t  on  R a d i o a c t i v i t y  Movement from B u r i a l  Grounds in Melton and Be ihe i  V a l l e y s ,  ORHL-5017, J u l y  1975, pp. 
50-56.) 



. , ,  

Table  A.7. Monthly c o n t r i b u t i o n  of 90Sr from v a r i o u s  OKNL a r e a s  d u r i n g  1985a 

"Sr d i s c h a r g e  (mCi) 

Month PWTP + 
i n  Pr e c i p i t a t  ion" 190 Ponds + 7 5u0 

1985 (cm) Flume 190 Ponds FWTP SlP STP br idgeC UOCc HRT MB2 

Jan. 5.65 14.1 2 .5  0. 1 9cI. ld  92. 7d 645d 2 7 1  6.6 0.1 
Fe b. 7.94  7.2 1.7 G. 5 70. I 72.2 213 312 8.2 u. 1 
March 3.68 5.8 1.8 0.1 15.4 17.4 78 84 4.5 0. J 
A p r i l  4.32 4.7 1.2 0.2 Y. U 10.3 80 78 6.5 0.2 
Ma Y 5.97 5.5 0.3 (J. 1 7 . 7  8.1 a2 62 3.5 0.1 
J u n e  13.27 4.6 0.4 0.2 7.6 8.3 7 1  53 2.4 (0.1 
J u l y  10.09 10.u 0.2 0.1 6.5 6.8 112 85  3.7 0.3 
Aug . 23.05 7.4 0.3 0.5 9.1 10.0 189 223 7.3 0.4 
Sept .  4.25 5.3 0.5 1.1 4.9 6.5 76 67 2.5 0.1 
O c t .  7.56 6.7 0.2 21.0 5.8 27.0 2 30 214 3 . 4  0.2 
Nov. 10.16 4.9 0.4 4.0 12.3 16.7 344e 7 30 3.2 0.3 
Dee. 5.27 283. F 3.6 5.Lf  165.5" 174. 3e 914e 393 4.5 IJ. 8 

To t a l  101.21 3 5 9 . F  13.2 33.2 403.9 450.3 3030 2571 56.2 2.9 

aBased on d a t a  i n  DEM f i l e s ;  K. L. Danie ls  (OKNL), p e r s o n a l  communicat ions t o  i4. 8. Sears, June  2 3  and 26,  1986. 
bEngineered T e s t  F a c i l i t y  (SWSA 6) d a t a ;  E. J. Davis ( O K N L ) ,  p e r s o n a l  communication t o  M. b. Sears,  

C l n  J a n u a r y  and December 1985 t h e  "Sr i n f l o w  a t  t h e  7500 b r i d g e  s t a t i o n  exceeded t h e  o u t f l o w  a t  t h e  WOC sta- 

J u l y  9,  1986. 

t i o n ,  w h i l e  i n  November 1985 t h e  o u t f l o w  a t  tlie WOC s t a t i o n  exceeded t h e  i n f l o w  a t  Lhe 75UO b r i d g e  s t a t i o n .  The 
Lnfersnce  i s  t h a t  p a r t  of tlie "Sr r e l e a s e d  d u r i n g  t h e  LLW l i n e  break  i n  l a t e  J a n u a r y  and t h e  f i l t e r  p i t  s p i l l  on 
Noveinber 2 9  was i n  Lhe c r e e k  s e d i m e n t s ,  and t h a t  i t  t a k e s  time f o r  t h e  c r e e k  t o  c l e a n s e  i t s e l f .  

s e r v i n g  B u i l d i n g  3074. 
d E l e v a t e d  '"Sr l e v e l s  d e t e c t e d  a t  White Oak D a m ,  January  2 6 ,  1985, which were t r a c e d  t o  break i n  t h e  LLW l i n e  

eThe s p i l l  froin v e n t i l a t i o n  f i l t e r  p i t  a t  B u i l d i n g  3517 o c c u r r e d  Kovember 2 9 ,  1965. 
f K .  J e f f r i e s  ( O K X L ) ,  p e r s o n a l  communication t o  El. B. S e a r s ,  June 20 ,  1986. 



Table A . 8 .  Monthly c o n t r i b u t i o n  o f  "Sr from v a r i o u s  ORNL areas d u r i n g  1985a 

90Sr d i s c h a r g e  (mCi) 

I n f e r r e d  c o n t r i b u t o r s  

O the r  
P i t s  s o u r c e s  

Month be tween 

1985 (em) MBI  s e e p  s e e p  p i t s  + p i t s  WO D 75UOB 7500BC SWSA 5 
i n  P r e c i p i  t a t  ionb Eas t  West Sum WOC + MBI f lume and woc- 

Jan.  5.65 41.2 0.02 4.3 4.3 317 405 5 39 (-374) 34 
Fe b. 7.94 53.1 0.02 2.3 2.3 367 239 I33  99 45 
March 3.68 37.6 0.03 0.8 0.8 122 144 55 5 33 
A p r i l  4.32 35.2 0.12 0.8 0.9 114 123 65 (-2) 28 
May 5.97 17 .7  0.01 1.0 1.0 80 105 68 (-20) 14 
June  13.27 7.2 <0.01 0.3 0.3 60 81 59 (-19) 5 
J u l y  10.09 9.6 <0.01 0.7 0.7 96 128 96 27 6 
Aug . 23.05 76.9 0.08 3.5 3.6 304 3 36 172 34 69 
Se pt.  4.25 11.4 0.68 1.3 2.0 80 89 64 (-9) 9 
Oct. 7.56 23.8 <0.01 2. I 2.1 240 249 197 (-17) 20 
Nov. 10.16 32.7 <0.01 1.5 1.5 7 64d 3 Ogd 323 386 29 

5.27 32.8 0.03 6.8 6.9 43Zd 7 92d 457 (-522)  28 Dec. 

- ro t a1  101.21 379.0 1.01 25.4 26.4 2976 3001 2226 (-464) 320 

aBassd on d a t a  i n  DEM f i l e s ;  K. i. Daniels  (ORNL),  p e r s o n a l  communications t o  M. B. S e a r s ,  June 23  and 26, 1986. 

bEngineered T e s t  F a c i l i t y  (SWSA 6)  d a t a ;  E. J. Oavis ( O R N L ) ,  p e r s o n a l  cornmanication t o  Pi. B. S e a r s ,  
J u l y  9 ,  1986. 

CIt  i s  no t  p o s s i b l e  t o  estimate t h e  SWSA 4 d i s c h a r g e s  i n  1985 by t h e  d i f f e r e n c e  between t h e  ou t f low a t  t h e  WOC s ta-  
t i o n  and t h e  inf low a t  t h e  7500 b r i d g e  s t a t i o n .  I n  J anua ry  and December 1985 t h e  i n f l o w  a t  t h e  7500 b r idge  exceeded t h e  
ou t f low a t  t h e  WOC s t a t i o n ,  wh i l e  i n  November the  ou t f low exceeded t h e  inf low.  
r e l e a s e d  d u r i n g  t h e  LLW l i n e  b reak  i n  l a t e  January and t h e  f i l t e r  p i t  s p i l l  on November 29 was i n  t h e  c r e e k  sed imen t s  
and t h a t  i t  t a k e s  t i m e  f o r  t h e  c r e e k  t o  c l e a n s e  i t s e l f .  

ou t f low at t h e  WOD s t a t i o n  i n  November and December 1985 r e f l e c t s  t h e  holdup i n  K i i t e  Oak Lake fo l lowing  the  f i l t e r  p i t  
s p i l l  o n  Noveinber 29. 

The i n f e r e n c e  is  t h a t  p a r t  of t h e  90Sr 

dThe d i f f e r e n c e  between t h e  i n f l o w  t o  White Oak Lake (WOC + MBI + p i t s  s t a t i o n s  pil is  unnon i to red  s o u r c e s )  and t h e  



Table A.9. Monthly contribution of ''Sr from various ORNL areas during 1984a _______  
90Sr discharge (mci) 

Month PWTP + 

1984 (cm) Flume 190 Ponds PWTP STP STP bridge WOC HRT MB2 

Jan. 6.13 8.6 0.8 0.6 11.9 13.3 62 103 4.0 0.4 
Feb. 9.22 8.7 0.2 0.8 10.3 11.3 53 94 4.9 0.3 
March 11.33 10.2 0.2 1.7 10.7 12.6 83  152 3.8 <0.4 
April 9.54 7.0 0.4 0.2 12.9 13.5 66 104 4 . 3  0.4 
May 27.21 5.4 0.9 0.2 22.6 23.7 182 280 6.5 0.8 
June 9.18 7.3 0.5 0.2 11.1 11.8 44 36 5.5 <o. 1 
July 18.06 10.0 0.5 (0.1 13.0 13.5 90 93 5.8 NPC 
Aug . 4.32 7.9 0.3 0.2 12.0 12.5 55 79 4.0 NPC 
Sept. 2.03 4.4 0.2 0.1 6.5 6.8 d 36 2.1 NAe 
Oct. 15.62 9.9 0.4 0.3 9.8 10.5 f 85 4.5 3.2 
Nov.  11.30 8.1 0.4 0.2 8.6 9.2 53 120 3.6 0.2 
Dec. 5.27 5.5 0.2 0.3 16.0 16.5 67 91  13.0 0.1 

in Precipitationb 190 Ponds + 7500 

- 
aBased on data in Operations Division files; L. C. Lasher (ORNL), personal communication, May 1984-March 1985. 
bEngineered Test Facility (SWSA 6)  data; E. J. Davis (ORNL), personal communication to M. B. Sears, 

=NP = not applicable. 
dNot reported because indicated flows were i n  error. 
eNA = not available. 
€Measured value of 120 mCi is inconsistent with UOC station measurement of 85 mCi. 

July 9, 1986. 

Attributed, in part, to 
erroneous flow measurement; however, cross-contamination of samples may have occurred. 



Table  A. lO .  Monthly c o n t r i b u t i o n  of "Sr from v a r i o u s  ORNL areas dur ing  1984a 

'"Sr d i s c h a r g e  (rnci) 

I n f e r r e d  c o n t r i b u t o r s  

Other  
P i t s  s o u r c e s  

Month between 

1984 (em) MB I seep  seep  p i t s  + p i t s  WOD 7 500B SWSA 4 SWSA 5 
i n  P r e c i p i  t a t  i o &  Ea S t  West Sum WOC + M B I  flume and 

Jan .  
Feb. 
March 
A p r i l  

Ma Y 
June  
J u l y  
Aug . 
O C t .  

Nov. 
k C .  

S e p t .  

6.13 
9.22 

11.33 
9.54 

27 .21  
9.18 

18.06 
4.32 
2.07 

15.62 
11.30 

5.27 

51.7 
51.6 
63.3 
68.6 
67.4 
37 
41 
28 

8.7 
30.0 
49 
33.0 

<U.I 
0.1 

<u.01 
<0.01 

0.2 
<o. 1 
<0.3 

0.1 
0.1 
0.1 
0.2 
0.4 

3.6 
4.4 
5.9 
2.9 

10.4 
6.4 
1.2 
0.5 
4.8 
2.9 
6.9 

11.0 

3.6 
4.5 
5.9 
2.9 

1U.6 
6.4 
1.5 
0.6 
4.9 
3.0 
7.1 

11.4 

158 
150 
221 
175 
358 

79 
136 
108 

50 
118 
176 
135 

169 
141 
2 08 
189 
360 

98 
170 
140 
46 

180 
200 
160 

40 
33 
60 
45 

153 
25 
66 
35 
NAC 
NA 
36 
45 

4 1  
41 
69 
38 
98 
11 
3 

24 
NA 
NA 
67 
24 

47 
46 
59 
64 
60 
32 
35 
24 

7 
22 
45 
20 

"Based o n  d a t a  i n  Opera t ions  D i v i s i o n  f i l e s ;  L. C. Lasher (ORNL),  p e r s o n a l  communications, May 1984-March 1985. 

bEngirieered Test F a c i l i t y  (SWSA 6) d a t a ;  E. J. Davis (OWL), per sona l  communication t o  M. B. S e a r s ,  J u l y  9 ,  

CNA = not a v a i l a b l e .  

1986. 



Table  A . l l .  Monthly c o n t r i b u t i o n  of 'OSr from v a r i o u s  ORNL areas d u r i n g  1983a 

"Sr d i s c h a r g e  ( m C i )  

Month PWTP + 

1983 (cm) F l  me 190 Ponds PWTP STP STP b r i d g e  WOC HRT MB2 
i n  P r e c i p i t a t i o n b  190 Ponds i 7500 

Jan .  3.93 16.5 0.2 0.5 19.7 20.4 93  181 3.9 0.7 
Feb. 10.33 9.1 0.4 0.4 28.4 29.2 113 237 5.2 0.9 
March 5.41 9 . 4  0.2 0.3 18.0 18.5 84  158 4.2 0.4 
A p r i l  11.43 13.5 0.1 0.4 22.5 23.0 99 168 7.9 31.8 
May 13.21 6.9 0.4 0.2 14. 6 15.2 74 173 7.0 2.8 
June  5.39 5.9 0.2 0.2 16.3 16.7 NAC a7 1.0 0.2 
J u l y  4.80 4.1 0.2 0.5 10.9 11.6 52 62 3.0 2.1 
Aug . 2.92 3 .8  0.3 0.2 17.5 18.0 9Sd 93d 3.4 0.2 
Sept .  4.48 3.2 0.1 1.0 13.7 14.8 54d 5od 2.2 0.2 
Oct. 11.64 9.6 0.3 0.6 10.7 11.6 73 94 4.0 0.2 
Nov. 13.73 b.? 0.1 0.1 1.1 1.3 65  103 10.0 0.5 
D e C .  18.48 2.0 0.2 0.3 15.9 16.4 121 298 7.6 (0.1 

aBased on d a t a  i n  Opera t ions  Div i s ion  f i l e s ;  L. C. Lasher and C. 8. S c o t t  (ORNL), p e r s o n a l  communica t ions ,  

bEngineered Test F a c i l i c y  (SWSA 6 )  d a t a ;  E. J. Davis (ORNL), p e r s o n a l  communication t o  M. B. S e a r s ,  July 9, 

CNA = not  available. 
dUiscrepancy  a t t r i b u t e d  t o  one o r  a combina t ion ,  of t h e  f o l l o w i n g  s o u r c e s  of error: 

April 1983-Harch 1984. 

1986. 

t h e  i n h e r e n t  e r r o r s  of t h e  
flow measuring sys tem,  sample c o l l e c t i o n  and hand l ing ,  c ros s -con tamina t ion ,  and a n a l y t i c a l  t echn iques .  



T a b l e  A.12. Monthly c o n t r i b u t i o n  of "Sr f r o u  various ORNL areas  d u r i n g  1983a 

OSr d i s c h a r g e a  (mCi) 

I n f e r r e d  c o n t r i b u t o r s  

Other 
P i t s  s o u r c e s  

Month between 
i n  P r e c i p i t a t i o n b  East West Sum WOC + M B I  f lume and 

1983 ( 4  MB I s e e p  s e e p  p i t s  + p i t s  WOD 7 5008 SWSA 4 SWSA 5 

Jan.  
Feb. 
March 
A p r i l  

Ma Y 
June  
J u l y  
Aug . 
Sep t .  
Oct.  
NOV. 
IkC. 

3.93 
10.33 

5.41 
11.43 
13.21 

5.39 
4.80 
2.92 
4.48 

I i. 6 4  
13.73 
18.48 

52.8 

69.7 
93.0 

150.5 
59.4 
30.6 
14.7 
8.3 
9. (I 

25.0 
43.0 

tja. 4 
0.1 1 . 3  
0.1 2.7 
0.1 1.5 
0.1 9.6 
0.1 6.4 
0.1 0.1 
0.1 0.1 
0= OC 

oc 0 c  
0.1 0.2 
0 .1  0.2 

(0.1 <O. 1 

1.4 
2.8 
1.6 
9.7 
6.5 
0.2 
0.2 
0c  
0 c  
0.3 
0.3 

(0.2 

235 
308 
229 
271 
330 
146 

93  
i 07 

58 
103 
123 
34 1 

267 
293 
123 
254 
257 
123 
80 
87 
76 
76 

115 
370 

56 
75 
56 
6 3  
51 
NA 
37 
76 
36 
52 
57 

103 

a8 
124 

74 
69  
99 
NA 
10 
0d 
0d 

21 
38 

176 

48 
62  
65  
5 3  

141  
58 
2b 
11  

5 
1 4  
35 

0 

aBased on d a t a  i n  O p e r a t i o n s  D i v i s i o n  f i l e s ;  L. C. Lashe r  and C. B. S c o t t  (OKNL), p e r s o n a l  c o m n u n i c a t i o n s ,  A p r i l  

bEngineered Test F a c i l i t y  (SWSA 6 )  d a t a ;  E. J. Davis  (ORNL),  p e r s o n a l  communicat ion t o  M. B. S e a r s ,  J u l y  9 ,  

CNo f l o w  d u r i n g  pe r iod .  

aDisc repancy  is a t t r i b u t e d  t o  one ,  o r  a combina t ion  of  t h e  f o l l o w i n g  s o u r c e s  of e r r o r :  

1983-March 1984. 

1986. 

t h e  i n h e r e n t  e r r o r s  of t h e  
f l o w  measuring system, sample  c o l l e c t i o n  and h a n d l i n g ,  c r o s s - c o n t a m i n a t i o n ,  and a n a l y t i c a l  t e c h i q u e s .  



Tab le  A.13. Monthly c o n t r i b u t i o n  of f rom v a r i o u s  ORNL areas d u r i n g  198Za 

"Sr d i s c h a r g e  (mci )  

Month PWTP + 
i n  P r  ec i p i t a t  i onb  190 Ponds + 7500 
1982 (cm) F1 ume 19U Ponds PWTP STP STP b r i d g e  WOC HRT M82 

Jan .  
Peb.  
March 
A p r i l  

June  
J u l y  
Aug . 
Sep t .  
O C t .  
NOV. 
Dec. 

May 

16.28 
13.09 
16.26 
6.44 
6.07 
7.04 

9.24 
6 .  36 
6.14 

15. 08  
t7.73 

13. a 0  

13.5 
10. 2 
11.1 
10.0 

9.5 
6.0 
9. 9 

11.9 
15.2 
13.5 
16.0 
2u. 7 

0.2 
0.1 
0.3 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0 .2  
0. 4 
0.2 

1.2 
0.9 
0.5 
0.2 
0.4 
0.2 
0.2 
0.2 
0.2 
0 .5  
0.2 
I .  1 

76.7 
73.3 
83 .3  
35.2 
24.0 
24.3 
16.4 
19.0 
13.1 

8.2 
12.1 
49.6 

78.1 
74.3 

35.5 
24.6 
24.7 
16.8 
19.4 
13.5 
8.9 

12.7 
50.9 

84.1 

186 
235 
2 34 

91  
43  
4 4  
48 

108 
59  
42 
88 

204 

278 11.2 
342 14.7 
413 15.9 
179 12.0 
58 3.7 
50  1.8 
50 6.0 

144 14.0 
68 5.0 
54 4.9 

142 11.4 
359 7 .1  

0.7 
0.8 
0.9 
1.2 
0.3 
U. 6 
2.4 
0 .5  
0.2 
u. 1 
0.9 
2.3 

aBased oil d a t a  i n  O p e r a t i o n s  D i v i s i o n  f i l e s ;  L. C. Lasher  and C. B. S c o t t  (ORXL), p e r s o n a l  communica t ions ,  May 
1982-April  1983. 

bEngineered  T e s t  F a c i l i t y  (SWSA 6) d a t a ;  E. J. Davis  (ORNL),  p e r s o n a l  conmunica t ion  t o  F1. 8. S e a r s ,  J u l y  9 ,  
1386. 



Tab le  A.14. Monthly c o n t r i b u t i o n  of 90Sr from v a r i o u s  ORNL areas d u r i n g  1982a 

90Sr d i s c h a r g e  (mCi) 

I n f e r r e d  c o n t r i b u t o r s  

Other  
Pi t5  s o u r c e s  

Month between 

1982 (cm) MBI  s e e p  s e e p  p i t s  + p i t s  WO D 7 500B SWSA 4 SWSA 5 
i n  p r  e c i p i  t a t i onb East Yest Sum WOC + M B I  flume and 

Jan. 16.28 60.6 0. I 5.8 5.9 344 391 95 91 49 
Fe b. 13.09 69.1 0.1 5.3 5.4 416 365 150 107 54 
March 16.26 92.5 0.1 7.1 7.2 513 530 139 179 76 
A p r i l  6.44 81.6 0.1 2.4 2.5 263 265 46 88 68 

June 7.04 25.3 0.1 2.2 2.3 77 93 12 4 23 
May 6.07 36.8 0.1 1.0 1.1 96 120 9 15 33 

J u l y  13.80 29.3 0.1 2.7 2.8 82 106 22 2 21 
Aug . 9.24 23.0 0.1 2.2 2.3 169 76 77 35 8 
Sept .  6.36 21.0 0.1 1.5 1.4 91 94 30 10 16 
O c t .  6.14 2 2 . 6  0.1 1.3 1.4 78 70 20 12 18 
Nov. 15.08 54.8 0.1 3.2 3.3 200 209 59 54 42 
DeC. 17.73 80.1 0.1 2.5 2.6 442 468 132 155 71 

a3ased on d a t a  i n  Opera t ions  D i v i s i o n  files; L. C. Lasher and C. B. S c o t t  (ORNL), per sona l  communications,  

bEngineered Test  F a c i l i t y  (SWSA 6) d a t a ;  E. J. Davis (ORNL), p e r s o n a l  communication t o  PI. B. S e a r s ,  J u l y  9, 
May 1982-Apri l  1983. 

1986. 



Table A.15. Monthly c o n t r i b u t i o n  of 90Sr from v a r i o u s  ORNL areas d u r i n g  1981a 
- ~~ - -- 

90Sr d i s c h a r g e  (mCi) 

Month PWTP + 

1981 (cm) F1 ume 190 Ponds PWTP STP STP b r i d g e  WM: HRT MB2 

Jan. 2.21 9.0 0.8 1.5 4.2 6.5 27 40 3.0 0.5 
Feb. 11.93 14.4 0.4 1.3 14.9 16.6 59 122 6.3 0.2 
March 7.34 11.1 0.4 14.2 7.7 22.3 47 82 4.5 0.1 
A p r i l  9.37 14.3 1.0 2.4 11.1 14.5 52 108 4.3 1.1 
May 10.85 12.7 0.5 2.3 11.4 14.2 48 67 4.3 0.8 

J u l y  7.40 9.7 0.2 1.6 13.6 15.4 55 62 3.2 u. 1 
Aut:. 7.55 16.3 0.2 2.2 11.3 13.7 67 7 7  1.8 0.1 
Sept .  7.10 20.9 0.2 0.9 12.3 13.4 106 109 1.8 0.2 
Oct. 9.35 13.4 0.3 0.8 16.0 17.1 85 97 0.3 0.1 
Nov. 7.92 14.5 0.2 3.3 28.2 31.7 io1 130 3.9 0.1 
DeC. 10.24 10.9 0.7 0.8 54.4 55.9 110 175 1.4 0.2 

i n  Pr e c i p i t a t  i onb  190 Ponds + 7500 

J u n e  12.23 7.1 0.2 0.7 32. lc 33.0 106 163  4.6 0.2 

aBased on d a t a  i n  O p e r a t i o n s  M v i s i o n  F i l e s ;  L. C. Lasher  and 6. 8. S c o t t  (ORNL), p e r s o n a l  communications,  

bEngineered Test F a c i l i t y  (SWSA 6) d a t a ;  E.J. Davis (ORNL), p e r s o n a l  communication t o  M. B. Sears, July 9 ,  

CEs t ima ted  v a l u e  based upon t h e  a v e r a g e  release f rou  t h e  STP sys t em d u r i n g  t h e  f i r s t  6 months of 1981. 

March 19Bl-March 1982. 

1986. 

composi te  sample c o l l e c t e d  d u r i n g  t h e  p e r i o d  was i n a d v e r t e n t l y  d i s c a r d e d .  
The 

-4 
w 



Tab le  A.16. Monthly c o n t r i b u t i o n  of 90Sr from v a r i o u s  ORNL areas d u r i n g  198Ia 

"Sr d i s c h a r g e  (mci) 

I n f e r r e d  c o n t r i b u t o r s  

O the r  
P i t s  s o u r c e s  

Month between 

1981 (cm) MB I s e e p  s e e p  p i t s  + p i t s  wo D 75008 
i n  P r e c i p i t a t  i onb  Fast West Sum WOC + M B I  f lume and 

SWSA 5 

Jan. 2.21 10.6 3.6 0.5 4.1 54 54 1 1  13 7 
Peb. 11.93 38.6 7.0 0.4 7.4 168 160 28 63 3L 
March 7.34 28.8 (0.1 3.0 3.0 133 7 1  13 35 24 
A p r i l  9.37 36.7 0.3 2.3 2.3 148 214 23 57 31 
Ma Y 10.85 21.1 <o. 1 0.9 0.9 89 98 21 20 16 
June 12.23 22.2 <o. 1 0.8 0.8 186 239 66 57 17 
J u l y  7.40 10.5 <o. 1 1.3 1. 3 7 4  66 3UC 7 7 
Aug . 7.55 5.6 0.1 0.6 0.7 84 59 37 10 4 

7.10 3.7 0.1 0.6 0.7 113 87 7 2  3 Sept .  L 7 

Oct. 9.35 4.9 0.1 0.4 0.5 102 124 54 13  4 
Nov. 7.92 a. 9 0.1 0.4 0.5 139 118 55 29 5 
Dec. 10.24 14.5 0.1 0.5 1.6 191 225 44 64 13  

aBased on d a t a  i n  Opera t ions  D i v i s i o n  f i l e s ;  L. C. Lasher  and C. B. S c o t t  (ORNL) ,  p e r s o n a l  communications,  

bEngineered Tes t  F a c i l i t y  (SWSA 6 )  d a t a ;  E. J. Davis (ORNL), p e r s o n a l  communication t o  M. B. S e a r s ,  J u l y  9 ,  

CEs t ima ted  va lue  based upon t h e  ave raged  release from t h e  STP system d u r i n g  t h e  f i r s t  6 months of 1981. 

Marcn 1981-March 1982. 

1986. 



T a b l e  A.17. Monthly c o n t r i b u t i o n  of 90Sr f rom v a r i o u s  ORNL a r e a s  d u r i n g  1 9 8 p  

d i s c h a r g e  (mci )  

Month PWTP + 

I980 (crd F1 ume 190 Pond6 EWTP STP STP b r i d g e  woc HKT M12 
i n  P r e c i p i t a t i o n b  190 Ponds + 7 500 

Jan .  9. 5Ub 21.0 2.5 4.6 33 . i  40.7 95  3gC 3 . 4  0.4 

March 19.86b 15.0 0.6 1.4 NA kA 136 31 1 9.2 O.b 

10.3 0.7 0.8 15.2 16.7 253e 163 7.2 0.4 

J u l y  2. 29f 4.3 0.3 1.5 11.5 13.3 29 35 3.7 0.1 

Oct. 4.63f 8 .7  15.4 3.4 4.7 23.5 50 70 1.7 (0.1 
Nov. 10. 16f 8.5 1.2 2.0 9.0 12.2 39 58 3.0 <0.1 

b 

Fe b. 4.4Zb 16.1 0.9 1.9 NA NA 204 205 6.8 0.4 

6 .3  0.4 0.7 31.3 32.4 114 195 8.3 0.1 
b 

A p r i l  1U. 54 
May 8.81b 

41 59 5.4 0.3 J u n e  1.07b 7.8 0.3 4.1 12.9 17.3 

5.5 1.0 1.3 12.9 15.2 34 35 2.7 0.2 
5.3 0.9 0.7 8.2 9.8 29 32 2.6 0.2 

Aug . 3.25 
Sept .  6 .  

f 

Dec. 4.35 l u . o  2.0 2.4 9.5 13.9 40 47 4.5 < U . l  

a8ased  o n  d a t a  i n  O p e r a t i o n s  D i v i s i o n  files; L. C. Lasher and C. 8. S c o t t  (ORNL), p e r s o n a l  communicat ions,  

bORNL steam p l a n t  d a t a  ( B e t h e l  V a l l e y ) ;  V. T. Carnoiiy (ORNL), p e r s o n a l  communication t o  M. B. S e a r s ,  J u l y  1, 

March 1980-February L981. 

1980. T o t a l  p r e c i p i t a t i o n  i n  1980 measured a t  steam p l a n t  a p p e a r e d  t o  be somewhat low compared w i t h  N O M  Oak 
Ridge  Townsi te  s t a t i o n .  

CData are  o b v i o u s l y  i n  e r r o r  b e c a u s e  amount i s  less  t h a n  sum of  ups t ream m o n i t o r i n g  s t a t i o n s .  

dNA = noc a v a i l a b l e .  

eData  are  b e l i e v e d  co be i n  e r r o r .  

f E n g i n e e r e d  Test F a c i l i t y  (SWSA 6) d a t a ;  E. J. Davis ( O K N L ) ,  p e r s o n a l  communication t o  M. B. S e a r s ,  J u l y  9, 
1 9  86. 



Table A . 1 8 .  Monthly c o n t r i b u t i o n  of 90Sr from v a r i o u s  ORNL areas d u r i n g  1980 ( con td . I a  

"Sr d i s c h a r g e  ( m C i )  

I n f e r r e d  c o n t r i b u t o r s  

O the r  
P i t s  s o u r c e s  

No n t h between 
i n  P r e c i p i t a t i o n b  East West su  5 WOC i M B I  f lume and 

MI3 I s e e p  s e e p  p i t s  -t p i t s  Wt, D 7 5001) SWSA SWSA 5 1 98U (cm) 

85  
':d 92 

March 19. 86b 124.9 0.4 8.7 9.1 445 370 hA 176 115 

Jan.  Y.50b 88.9 NAC NA NA NA 290 33 

A p r i l  IO. 54 92.1 0. I 4.8 4.9 2 92 2u0 75 81 84 
May 8. 81b 94.2 0.4 6.8 7.2 265 100 NA NA a 7  
June 1.07b 40. a 0.1 0. 9 1.U 101 30 16 18 35 
J u l y  2. 2gb 11.0 <o. 1 <o. 1 <o. 1 4b 20 12 6 7 
hug. 3. L5e a. 5 <O. 1 <o. 1 <o. 1 44 30 1 3  1 5 
Sept .  6. 87e 5.6 <O. 1 <o. 1 <o. 1 38 30 14 3 3 
O c t .  4. 63e 13.2 <o. 1 <O. 1 (0.1 84 20 :8  23 12 

Uec. 4.35' 16.3 0.1 0.7 u. 8 64 40 10 7 12 

Feb. 4.42; 99.4 1.4 31.2 38.6 343 210 NA 

hov. 10.lbe 16.2 <u. 1 <o. 1 (0.1 74 30 18 20 13 

a8ased on d a t a  i n  Opera t ions  D i v i s i o n  f i l e s ;  L. C. Lasher  and C. B. S c o t t  (ORNL),  p e r s o n a l  communications,  M a r c h  

bOKkL steam p l a n t  da ta  ( B e t h e l  Va l l ey ) ;  V. T. Carmony (OKNL), p e r s o n a l  communication t o  M. B. S e a r s ,  J u l y  1, 1986. 

1 Y8U-Fe b rua ry  1981. 

I o t a 1  p r e c i p i t a t i o n  i n  1980 measured a t  steam p l a n t  appeared t o  be sonewhat low compared w i t n  N0.U Oak Ridge t o w n s i t e  
s t a t i o n .  

CNA = not  a v a i l a b l e .  

dValue i s  low compared w i t h  p r e v i o u s  d a t a .  Value for 7500 b r i d g e  s t a t i o n  a p p e a r s  h i g h ,  which would r e s u l t  i n  l o w  

eEngineered Test F a c i l i t y  (SUSA b) d a t a ;  E. J. Davis (ORNL), p e r s o n a l  co tmun ica t ion  t o  E l .  I). S e a r s ,  J u l y  9 ,  1986. 

e s t i m a t e  f o r  SNSA 4. 



Table  A.19. 14onthly c o n t r i b u t i o n  of "Sr from v a r i o u s  ORNL a r e a s  during 197ga 

"Sr d i s c h a r g e  (mGi) 

Month PWTP + 
i n  P r e c i p i  t a t i o n b  190 Ponds + 7 500 

1979 (cm) Flume 190 Ponds PWTP STP STP b r i d g e  WOC HKT MB2 

Jan.  
Fe b. 
March 
A p r i l  

June  
J u l y  
A u ~ .  
Sept .  
Uct. 
Nov. 
De c. 

May 

15.44 
12.90 
10.74 
14.09 

NA 
bA 

10.9 2 
10.77 

i5 .11 
b . U 2  

N A' 

b. 1 5  

24.2 
11.1 
10.5 
18.4 
12.8 
16. U 
26.9 
8.8 
8 . 6  
9.5 

18.9 
13.1 

0.6 
0.8 
0.9 
0.6 
0.7 
0.7 
0.8 
0.6 
u. 3 
0.4 
5.4 
0.8 

2.4 
1.5 
0.7 
0.8 
1.2 
0.8 
3.5 
6.4 
4. 0 

5.2 
3.8 
4.8 

13.8 
10.4 
14.5 
14.0 
12.3 
10.3 
16.6 
10.6 
5.1 
6.2 

14.7 
8.6 

16.8 
12.7 
16.1 
15.4 
14.2 
11.8 
20.9 
17.6 

9.4 
11.8 
23.9 
14. 2 

103 
5 3  
47 
513 
58 
69 

128 
62 
b5 
47 

107 
43  

437 9.5 
151 8.7 
139 6 . 6  
187 4.1 
188 6.8 
129 7.3 
276 10.0 

96 4.9 
62 5.1 
80 5.7 

193 6.9 
b6 3 . 7  

u. 7 
u. 2 
u. 3 
0.2 
0.2 
0.1 
0.2 
v. 1 
0.1 
0.1 
0.2 
0.1 

aBased on d a t a  i n  Opera t ions  Div i s ion  f i l e s ;  L. C. Lasher  and C. B. S c o t t  (ORNL), p e r s o n a l  communications,  March 
1979-February 1980. 

bORNL steam p l a n t  d a t a  ( B e t h e l  Va l l ey ) ;  V. T. Carmony (ORNL), pe r sona l  communication t o  M. B. Sears,  J u l y  1, 
1986. 

CNA = not  a v a i l a b l e ;  records missing.  



T a b l e  A.20. Monthly c o n t r i b u t i o n  of from v a r i o u s  ORNL areas d u r i n g  1979 ( c o n t d . ) a ' b  

'*Sr d i s c h a r g e  (mCi) 

I n f e r r e d  c o n t r i b u t o r s  

O t h e r  
s o u r c e s  

Month between 

1979 (CIU) M B I  woc + M B I ~  WOD 7500 B SWSA 4 SWbA 5 

Jan .  15.44 42.1 479 i 50 62 334 32 
Ye b. 12.90 55. b 207 160 30 98 47 
?larch 10.74 64.2 204 150 20 93 57 

May NA 78.4 267 ruA 31 131 71 
J u n e  &A 108. U 237 h A 41 60 101 
J u l y  NA 115.9 392 510 81 148 l o b  

i n  P r e c i p i t a t i o n  f lume  and 

A p r i l  14$Y 82.7 170 170 24 119 78 

Sept .  10.77 51.0 114 110 47 ue 47 
Aug . 10. 92 45.6 141 140 36 34 41 

Oct. b. 15 41. & 122 hk 26 33 36 
Nov. 15.11 76.6 270 160 64 86 7u 
Dec. 6.02 45.3 132 160 1 6  43 42 

aBased on d a t a  i n  Operat iozls  D i v i s i o n  f i l e s ;  L. C. Lasher  and C. B. S c o t t  (ORhL) ,  p e r s o n a l  com- 

b P i t s  a r e a  was n o t  m o n i t o r e d  i n  1979. 
m u n i c a t i o n s ,  Plarch 1979-February 1980. 

steam p l a n t  d a t a  ( B e t h e l  V a l l e y ) ;  V. T. Carmony (OBNL), p e r s o n a l  communication t o  
M .  H. S e a r s ,  J u l y  1, 1986. 

d h A  = n o t  a v a i l a b l e ;  r e c o r d s  l o s t .  

eValue i s  low; a t t r i b u t e d  t o  i n h e r e n t  e r r o r s  of  f low rneasurifig s y s t e m  o r  sampl ing  e r r o r s .  



Table  A.21. Stront ium-90 d i s c h a r g e s  from t h e  Northwest T r i b u t a r y  (SWSA 3) and First Creek 

1978-1979 1985-1986 

9 0 ~ r e  
Aver age  
p r e c i p i -  Northwest Northwest T r i b u t a r y  
t a t i o n  T r i b u t a r y  (SWSA 3)f F i r s t  Creek WOC-CHW 

(background)  
1 984a t a t i o n b  9 0 ~ r  flowcsd t a t i o n b  Go nc . F1 ow Conc. Flow conc. 
(cm) (cm) (mci )  ( C d  pCi/L)g (mci )  Gi/L) (mci) ( i o +  + / L )  

Month 1948- P r e c i p i -  (SWSA 3) P r e c i p i -  

h J u l y  13.7 12.7 0.23 0.28 0.016 0.002 NA 
Aug . 9.4 25.4 0.35 0.52 0.011 0.001 XA 
Sept .  9.1 5.6 3.2 3.2 0.30 0.22 0.008 0.001 SA 
Oct. 7.8 1.1 2.1 5.4 0.32 0.24 0.032 0.003 NA 
NOV. 11.9 13.9 4.0 11.6 0.54 0.36 0.008 (0.001 NA 
Dec. 14.1 14.7 10.5 4.8 NA hA NA NA NA 

Jan. 13.4 15.4 11.1 3.4 0.59 NA 4.6 NA 0.027 
Fe b. 12.0 12.9 14.6 0.40 NA 2.5 N A 0.005 

A p r i l  10.9 14.1 
March 15.1 10.7 5.7 6. a 0.46 NA 3.5 NA 0.008 

May 11.2 23.7a 8.2 

aNOAA s t a t i o n ,  Oak Ridge t o w n s i t e ;  B. Hicks ( N O M ) ,  p e r s o n a l  communication t o  it. B. S e a r s ,  June  4 ,  1986. 

bOKNL s team p l a n t  d a t a  ( B e t h e l  V a l l e y ) ;  V. T. Carmony ( O K N L ) ,  p e r s o n a l  communication t o  M. B. S e a r s ,  J u l y  1, 
1986. 

CA. M. S t u e b e r  e t  a l . ,  A n  I n v e s t i g a t i o n  o f  Radionucl ide  Release  from Solid Waste Disposal Area 3, Oak Ridge 

d I n c l u d e s  F i r s t  Creek. 

eBased on d a t a  i n  DEM f i l e s ;  K. L. Danie ls  (OKNL), p e r s o n a l  communication t o  M. B. S e a r s ,  J u n e  2 3 ,  1986. 

fLbes n o t  i n c l u d e  F i r s t  Creek,  

PTo c o n v e r t  from l r 4  p C i / L  to B q / L ,  m u l t i p l y  v a l u e  i n  t a b l e  by 3.7. 

hKA = not  a v a i l a b l e .  

N a t i o n a l  L a b o r a t o r y ,  ORNL/TM-7323, August 1981. 
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Table A.22. T r i t i u m  and 90Sr c o n c e n t r a t i o n s  
i n  t r i b u t a r i e s  d r a i n i n g  SWSA gasb 

3H 
concent  r a t i o n  
(io-+ pci/L)C 

9 OSr 
c o n c e n t r a t i o n  
( 1 0-4 pci/ L )  

5-1 7-85 
10-25-85 

1-14-86 
3-21-86 

5-17-85 
10-25-85 
1-1 4-86 
3-21-86 

5-1 7-85 
10-25-85 

1-1 4-86 
3-21-86 

S t a t i o n  1 

2,970 2 270 
2,220 I 50 
5,135 ? 270 
2,400 4 80 

S t a t i o n  2 

20,540 4 270 
17,840 2 270 
19,730 k 270 
20,810 5 270 

S t a t i o n  3 

20,270 k 270 
12,430 f 270 
37,840 ?1 2700 
15,630 4 270 

0.054 -t 0.046 
0.057 t 0.041 
0.054 f 0.037 
0.165 2 0.057 

0.062 -t 0.051 
0.030 k 0.038 
0.208 t 0.068 
0.138 * 0.062 

1.35 t 0.16 
1.30 t 0.16 
2.24 f 0.19 
1.54 I 0.19 

aE. J. Davis (OKNL), p e r s o n a l  communication t o  M. B. Sears, 

bFor l o c a t i o n  of gauging s t a t i o n s ,  see Fig. A.4. 

=To c o n v e r t  from pCi/L t o  Bq/L, m u l t i p l y  v a l u e  i n  t a b l e  by 

June 1 7 ,  1986. 

3.7. 



. '. 

T a b l e  A.23. Monthly s t r e a m  flow a t  v a r i o u s  gaug ing  s t a t i o n s  i n  Heelton V a l l e y  d u r i n g  1985= 

St ream flow (104  m3) 

Month P i t s  SWSA g b s c  

1985 HRT MB2 ME1 East s e e p  West s e e p  S t a t i o n  1 S t a t i o n  2 S t a t i o n  3 WOD 

Jan .  2.74 10.94 25.5 1 0.142 4.79 111.7 
Feb.  3.42 26.43 20.67 0.213 3.51 108.2 

i n  

March 1.66 10.6 1 11.40 0.427 0.92 70.4 
A p r i l  1.71 11.74 12.11 1.726 1.07 78.2 

J u l y  I. 25 6.25 6.35 0.042 0.93 0.0154 0.0557 0.1053 97.7 

S e p t .  0.99 5.48 3.88 8.179 1.22 0.0071 0.0243 0.0472 57.8 

Nov. 1.28 8.46 13.96 0.086 1.26 95.8 

May 1.00 8.68 6.52 0.111 1.04 72.2 
June  0.75 4.89 3.75 0.020 0.37 0.0220 0.0421 0.0569 61.1 

Aug . 2.26 20.65 35.02 1.404 4.33 0.0580 0.0871 0.2333 166.3 

Oct.  1 .44 7.23 7.70 0.048 2.34 0.0251 0.0391 0.1963 89.9 

Dec. 1.88 15.91 13.82 0.380 5.07 56.2 

T o t a l  20.38 137.3 160.7 12.78 26.80 1065.6 

aBased on d a t a  i n  DEM f i l es ;  K. L. D a n i e l s  (ORNL), p e r s o n a l  communica t ions  to M. E. S e a r s ,  June 2 3  and 26, 1986. 

bE. J.  Davis  (ORNL). p e r s o n a l  communcation to M. B. Sears, June  17,  1986. 

'Loca t ion  of m o n i t o r i n g  s t a t i o n s  shown on  Fig.  A . 4 .  



Table A.24. Monthly c o n t r i b u t i o n  of 3H from v a r i o u s  ORNL areas,  January  1985 - March 1986 

P r e c i p i -  3 H  d i s c h a r g e  ( m C i )  
t a t iona  MBI+(MBI+WOC) 

Month (4 STP woc MBI WOC + MBI WOD (%> 

Jan. 
Feb. 
March 
A p r i l  

June 
J u l y  
AUg 
Se p t .  
Oct. 
NOV.  
De c. 

Ma Y 

To t a l  

Jan. 
Fe b. 
March 

5.65 
7.94 
3.68 
4.32 
5.97 

13.27 
10.09 
23.05 

4.25 
7.56 

10.16 
5.27 

101.2 1 

3.11 
10.35 

7 .17  

1,460 
5,970 

7 40 
400 
230 
230 
280 
240 
160 
180 
130 
140 

10,150 

NAd 
NA 
NA 

241,300 
566,400 

43,600 
61,700 

343,400 
143,400 
28,500 
43,800 

21,900 
32,400 
24,300 

1,561,100 

10,200 

23,000 
65,000 
33,000 

1 985b 
4-00 
483,900 
277,100 
305,500 

98,700 
34,500 
59, 800 

123,201) 
72,900 

165,000 
2 19,000 
296,4ui) 

L,  568,900 

198SC 
360,000 
680,000 
390,000 

673,800 
1,050,300 

320,800 
367,200 
442,200 
177,900 

167,000 
83,100 

186,900 
251,900 
320,700 

4,123,000 

88,300 

383,000 
745,000 
423,000 

707,200 
602,700 
416,200 
295,800 
230,500 
109,000 
133,400 
314,000 
121,400 
204,000 
335,400 
196,400 

3,666,000 

310,000 
440,000 
410,000 

64 
46 
86 
83  
22 
19 
68 
7 4  
88 
88 

92 

62 

a7 

94 
91 
92 

aEngineered Test F a c i l i t y  (SWSA 6) d a t a ;  E. J. Davis (ORNL), pe r sona l  comnunicat ion t o  
M. B. Sears ,  J u l y  9 ,  1986. 

bBased on d a t a  i n  DEI< f i l e s ;  K. L. Danie ls  (ORNL), pe r sona l  communication t o  
81. B. Sea r s ,  June 26, 1986. 

CBased on d a t a  i n  DEM f i l e s ;  W. F. Qhnesorge,  Jr . ,  pe r sona l  communication t o  
M. 13. Sears ,  May 8, 1986. 

dNA = not  a v a i l a b l e .  

Q, 
N 



Table  A.25. Monthly c o n t r i b u t i o n  of 137Cs from v a r i o u s  URNL areas d u r i n g  1985a 

Month 
i n  

1985 

37Cs d i s c h a r g e  (mci) 

PWTP + 
190 ponds WOC + 

190 Ponds RJTP STP + STP woc MBI  M B I ~  WODb 

Jan. 
Feb. 
March 
A p r i l  

May 
June 
J u l y  

Sept.  
Oct. 
NOVI  

De C. 

Aug . 

3.1 
0.2 
6.3 
0*4 
0.1 
0.2 
0.3 
0.4 
u. 3 
1.3 
1.6 
NAC 

90 
154 
27 
67 
66 
32 
60 

336 
164 
36 
60 

N A  

0.4 
1.0 
0.3 
0.2 
0.4 
0.6 
0.5 
0.3 
0.1 
0.1 
0.1 
0.9 

94 
155 

34 
68 
67 
33 
60 

337 
165 
38 
6 2  

NA 

130 
162 

26 
23 
58 
33 
29  

132 
26 
21 
51 

416 

~~ 

0.5 
0.4 
1.0 
0.2 
0.2 
0.1 
0.2 
1.4 
0.1 
0.3 
0.7 
0 * 5  

130 
163 

27 
24 
59 
33 
29  

133 
27 
21 
52 

417 

57 
46 
20 
16 
15 

9 
22 
29 

6 
10 
24 

167 

S u b t o t a l  Jan.-Nov. 14.0 1093 4.1 1111 692 5.3 698 254 
T o t a l  Jan .  -Dec. NA NA 5*0 NA 1109 5.8 1115 420 

aBased on d a t a  in DEI3 files; K. L. Danie ls  (OKNL),  pe r sona l  conmunicat ions t o  
M. 8. S e a r s ,  June 23 and 26, 1986. 

bThe d i f f e r e n c e  between t h e  measured inflow t o  White Oak Take (WOC + MBI s t a t i o n )  and 
the  measured ou t f low at WOD s t a t i o n  re f lec ts  solids s e t t l i n g  ( i . e . ,  accumulation) i n  White 
Oak Lake. 

CNA = n o t  a v a i l a b l e .  



Table A.26. Monthly c o n t r i b u t i o n s  of 6oCo from v a r i o u s  ORNL areas d u r i n g  1985a 

Month FVTP + 
i n  190 Ponds 

1985 190 Ponds PWTP STP + STP woc MBI WOC + MBI WOD 

Jan. 
Fe b. 
March 
A p r i l  

June  
May 

J u l y  
Aug 
S e p t .  
Oct. 
NOV. 
Dec. 

To t a l  

0.3 
0.1 
0.1 
0.2 
0.1 

<o. 1 
<o. 1 
(0.1 

0.1 
0.9 
0.6 
0.1 

2.6 

44 
21 
16 
1 2  
8 

23 
21 
37 

9 
20 
15 
19 

245 

0.7 
0.5 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

<o. 1 

2.0 

45 
22 
16 
12 

9 
23 
21 
37 
10 
22 
15 
19 

2 50 

60 
31 
11 

7 
8 

24 
15 
1 7  
3 

1 7  
10 
8 

210 

25.3 
3.8 
6.2 
2.0 
1.3 
1.9 
2.6 

19.5 
1.1 
1 .7  

74.7 
4.1 

144 

86  
35 
17 
9 
9 

26 
1 7  
36 

4 
19 
135 
12 

354 

48 
1 qb 
16 
9 
8 

1 7  
20 
14 
4 

19 
73 
15 

257b 

aBased on d a t a  i n  DEM f i l e s ;  K. L. Daniels  (ORNL) p e r s o n a l  communications t o  M. B. S e a r s ,  

hoes not  i n c l u d e  t h e  n i n t h  week of 1985 ( l a s t  week of February)  which i s  thought  t o  be 

June 23  and 26,  1986. 

i n  e r r o r ;  r e p o r t e d  v a l u e  f o r  t h e  n i n t h  week was 375 ruCi. 

03 c 
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ORNL DWG 04-1322R 

CATCH BASINS SWSA 4 

- _ _ _  - MONITORING SITES - _ _  - CONTAMfNATED SEDIMENT 
(TEMPORARY) DEPOSITS (OLD IMPOUNDMENT) 

Fig. A . l .  Map @ SWSA 4 site. (Source: L .  A .  Melroy and D. D. Huff, 
Sr Migration from S o l i d  Waste Storage Area 4 to White Annual Reduction of 

Oak Creek by Flow Diversion, ORNLITFI-9620, May 1985, p .  5 . )  
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ORNL D W G  74-9605 

129 
0 W E L L  

e SEEP 

B A S F  T E N N E S S E E  V A L L E Y  AUTHORITY MAP OF T H E  OAK RIDGE A R F A . 1 9 5 9  

SCALE IN FEET 

Fig. A.2.  Map of SWSA 5 site. (Source: J. 0. Duguid, Annual. Progress 
Report of Burial Ground Studies at Oak Ridge National Laboratory: 
Ending September 30, 1975, ORNL-5141, September 1975, p .  29.) 

Period 
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O R N L  DWG 74-9604 

Fig. A . 3 .  Map of liquid waste seepage pits and trenches area. (Source: 
J. 0. Duguid, Statue Report on Radioactivity Movement from Burial Grounds in 
Melton and Bethel Valleys, ORNL-5017, July 1975, p.  7). 



O R N L  -DWG 8551 1207 

Fig. A . 4 .  Map of SWSA 6 site. (Source: E. J. Davis ,  personal 
communication to M. B. Sears, June 17, 1986.) 
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