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White Oak Creek DnO Data Summary Worksheet 
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Datil: /2 - 2. '2.. - If -S- DoclD: - 2 ~ 1> I 
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Sampling 
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Sen.n - Smening levll 
ESD - ESD pr.jecHpecific 
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Bethel Valley RifFS Historical Data Review 

Form Compleled by: :¥rm ('~t:~& 
Date: "3 RI 43: 

• 
Comments: pI {,(~ (\I\~ 7 

WAG Description of Study 

I {)y- -fI ~ A-orJJZ 

l.:n ~ ~,ERcL~ 
~- t~ c -j.;-;",C 

..AL~~ ac:e-~ 

General: 
NA = Not Available 
NI~ = Not Researched 
(blank) = Unknown 

Waste Unit Characteristics: 
type? 
status? 
size/capacity? 
ownership? 
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Waste Waste Unit 

Unit Characteristics 

('.~ rt~. Ie... ft,(".-v.>< 6( S- -Cit 
'X ~ 

Sampling Media: 
sutface soil 
subsurface soil 
surface water 
groundwater 
seep or spring 
sediment 
waste 
biota 

Sampling LocaHons: 

f~'" '?iAbnA-

List specific locations If possible, 

Sampling 

Dates Media 

11'1 { (,.£.0 

ICJq cJ lfW 

Sampling Protocol: 
G=grab 
SG = storm flow grab 
BG = base flow grab 
FC = flow composite 
SC = spatial composite 
V = vertical profile 
S = site survey 

Otherwise. indicate scope of sampling effort, 

Sampling 

Locations Protocol 

LJ,.(\...('- ( 

~~~ /l, 
tv'IA" ~IL 
('".7tf, (,,£,(1',1: 

Analytical FracHon: 
I = Inorganlcs 
0= Organics 

Analytical 

Fraction 

GR 
A/6-
n~d4.,rL 

</ 

P = PCBs/Pesticides/Herbicides 
GR = gross alpha/beta ' 
ISO = Isotopic rods 
B/G = beta/gamma survey 
FLD,= field measurements 

Confidence: 
H = High 
M=Medium 
L= Low 

Decision Quality or 

Rule(s) Confidence 

I'fl '? ~ 

Decision Rule I Hypothesis 
1 • Source characterlsHcs 
lA = design/operation 
18 = leachate 
1 C = waste Inventory 
10 = waste unit hydrology 
1 E = other FS information 

2 • Current releases 
2A = shaDow groundwater. seeps 
28 = deep groundwater 
2C = son around waste units 
2D = sediment 
2E = cummulatlve @ Integration point 

3 • Current risk 
4 • Modeling for future risk 
3N4A = human health risk 
3B/4B = ecological risk· 
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INTRODUCTION 

This report describes activities and findings associated with the Task Work Agreement Waste 
Area Grouping (WAG) I Groundwater Source Investigations Work Breakdown Structure (WBS) 
1.4.12.6.1.01.44.08 perfonned in FY 1996. The objective ofthe task was to identify a source(s) of 
groundwater radiological contamination in WAG I that could reasonably be related to the so-called 
core hole 8 \lOSr plume and other potential radiological plumes. 

The source investigations task was divided into two phases. ·Phase 1 involved installing and 
. sampling drive points to the east of core hole 8 (CH-8) to identify a discrete source of 

contamination. Phase 2 involved installing and sampling groundwater wells to identify a more 
diffuse source of contamination. 

DRIVE POINT INSTALLATION 

Phase I activities began in November 1995, with the installation of five drive points in the 
vicinity of Tank W-IA in the northwest corner of the North Tank Fann (Fig. 1). This location was 
selected because it is directly east (along geologic strike) of the subcropping of the core hole 8 
plume preferred flow pathway and near the inferred groundwater flow divide located in the central 
portion of Oak Ridge National Laboratory (ORNL). The location was also selected to be near 
enough to potential tank/pipeline leaks that could logically be associated with the plume but far 
enough away to avoid penetrating such utilities and creating an environmental and human health 
hazard. 

Based on the radiological' results obtained from the samples, it was decided that it would be cost 
effective. while maintaining the technical objective of the task, to install additional drive points and 
fewer groundwater monitoring wells than originally planned. Additional drive points were installed 
in February and March 1996. 

About 40 drive points were planned for installation, but encountering shallow obstructions 
believed to be above the water table limited the number of drive points to 17. From a total of 22 
drive points installed, 68% contained groundwater and 50% were able to be sampled. Drive point 
civil survey data are shown in Table 1. The radiological results (Table 2) indicate that significant 
gross beta (attributable to \lOSr) and gross alpha (attributable to mn3~U) activity exists in the vicinity 
of Tank W -1 A and decreases in concentration away from the tank. Because \lOSr and \lOy were in 
disequilibrium in the sample, the gross beta values are underreported. More accurate gross beta 
values can be obtained by doubling the \lOSr value. 

The results indicate that the highest levels of contamination and the shallowest depth to 
groundwater exist in closest proximity to the tank and in the deepest drive points (Fig. 2). These 
results are interpreted to indicate that the Tank W·l A excavation acts as a "bathtub" that maintains 
saturation around the tank. Continuous water elevation data from these drive points confirm this 
interpretation by the development ofa shoulder on the ascending limb of the 
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Fig. I. Locations of Drive Points, Tank W-I A, and Underground Utilities 
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Table 1. Drive point civil survey data 

Ground surface Total depth Groundwater level 
Drive point Northing Easting (ft MSL) (ft bgs) (ft) 

DP-l 22270* 30765* NA 14.8 0.31 

DP-2 22252.2 30764.8 822.88 17.7 4.45 

DP-3 22228· 30765- NA 13.4 0.34 

DP-4 22293- 30765- NA 20.7 Dry 

DP-5 22274- 30781* NA 9.5 Dry 

DP-6 22253.3 30784.7 822.93 11.9 1.15 

DP-7 22247· 30781- NA 9.4 Dry 

DP-8 22230· 30785* NA 10.7 0.34 

DP-9 22272.8 30827 822.43 12.4 Dry 

Dp·IO 22267.5 30826.5 821.7 11.7 0.42 

DP-Il 22262.1 30826.1 821.32 14.2 0.88 

DP-12 22256.3 30825.7 820.85 9.4 1.06 

DP-13 22264 30809.3 822.25 17 7.36 

DP·14 22253.8 30797.3 821.84 17.8 8.37 

Dp·15 22248.9 30797.9 .820.69 16.8 9.72 

DP-16 22221.4 30802.1 817.67 17.3 3.47 

DP-17 22275- 30796* NA 12 Dry 

22260.6 30781 823.81 15.1 0.87 

3A 22253* 30781* NA 9.3 Dry 

7 22263.3 30795.8 823.37 17 NA 

8 22261- 30796* NA 16.7 Dry 

9 22258.9 30796.3 822.93 17.4 NA 

* Denotes estimated location. 
NA = not available. 
MSL = mean sea level 

_ bgs = below ground surface 

hydrograph (Fig. 3) for the rain event. beginning on May 25, 1996. The presence of a similar 
shoulder in WAG 4 trench drive points was interpreted similarly. Hydrograph response to 
precipitation events ranges from I to 3 ft in these drive points. 

The solids from one drive point sample were analyzed separately for comparison with the 
liquids from that sample. The results indicate that the solids contain nominally 50 times the amount 
of 90Sr activity as the liquids. If considered on a K.t basis. this result is similar to literature reported 
Kd values for 9OSr . 

96·090'51 S3·0061 IllS 

000009 



o 
o 
o 
o ..... 
.:::> • • • 



4 

• Table 2. Drive point radiological data 

Gross beta Gross alpha 90Sr 
Drive point Sample date (pCi/L) (pC ilL) (pCilL) 

DP-I NS 

DP-2 3/14/96 4.32E+06 9.lSE+05 3.40E+06 

DP-3 NS 

DP-4 NS 

DP-5 NS 

DP-6 3/14/96 4.S6E+04 6.48E+03 4.12E+04 

DP·7 NS 

Dp·8 NS 

Dp·9 NS 

Dp·IO NS 

DP·II 3120/96 5.40E+05 3.51E+04 S.00E+05 

Dp·12 3121/96 2.21E+05 3.24E+04 1.89E+05 

DP-13 3120/96 1.30E+06 8.lOE+OS 4.86E+05 

Dp·14 3120/96 1.27E+07 5.40E+05 1.22E+07 

DP-15 3120/96 3.5IE+06 2.32E+05 3.28E+06 

DP·16 3120/96 1.24E+06 7.02E+04 1.l7E+06 • DP-17 NS 

3114/96 9.18E+04 1.19E+03 9.06E+04 

3A NS 

7 12/1/95 8.IOE+06 1.59E+05 6.02E+05 

7 3/14/96 6.21E+06 1.57E+OS 6.05E+06 

8 NS 

9 12/)/95 I.OSE+07 3.78E+05 1.01E+07 

9 3/14/96 7.83E+06 2.70E+05 7.56E+06 

N~ = not sampled. 

• 96-0901' U).()06I"Z5 
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occurring. ,Analysis of groundwater sample results from the monitoring wells and tank dry wells 
(to the east and from Fifth Creek obtained from WAG 1 monitoring) suppon that interpretation. 

CONCLUSIONS AND RECOMMENDATIONS 

As stated earlier, the purposes of this exploratory drilling activity were (1) to identify the source 
for the so-called core hole 8 contaminant plume, (2) to detennine the extent of contamination. and 

. (3) make recommendations regarding potential early actions or remediation strategies for the 
problem. The approach sought to determine whether the source was of a diffuse or more localized 
extent through a process of hypothesis testing. 

The results of the activity conclusively show that the source of the core hole 8 plume is 
localized in the immediate area surrounding Tank W-IA located in the nonhwestern corner of the 
Nonh Tank Farm. While diffuse contamination exists in the bedrock aquifer in the area of 
Buildings 3001 and 3019, it is significantly lower than the highest levels in core hole 8 and thus 
cannot reasonably be considered to be the source of the plume. 

In addition, results from wells 4410 and 4411 suppon the preferred flew and transpon pathway 
conceptual model, which is generally considered to explain the configuration of the core hole 8 
plume. In addition to migration to the west, results of this activity suppon data from WAG 1 
monitoring and demonstrate that migration also is occurring to the east and discharging to Fifth 
Creek. The unanticipated down dip migration to nominal depths of90 ft in well 441 I indicates that 
the extent of migration and magnitude of the problem are greater than previously thought. That 
concentrations in well 44)) are essentially the same as those in drive points at the bedrock 
weathering interface suggests that little mixing occurs into and out of the pathway at depth. Lower. 
levels of contamination at shallow depth to the east and west likely occurs as a result of dilution by 
inTiltrating precipitation. 

The depth to which contamination migrates down dip could not be addressed because of health 
and safety concerns resulting from the unacceptably high potential for inadvenently encountering 
an underground or overhead utility in the area where drilling could feasibly occur. However. 
beciluse groundwater brine exists at a nominal depth of 300 ft throughout the Oak Ridge 
Reservation. it is unlikely that contaminants would migrate to depths greater than about 300 ft. 

Remediation/early action options must first focus on the soils around Tank W-l A. With 
nominally 50 times the contaminant levels as groundwater. the soils act as a secondary source that 
continually releases contaminants to groundwater upon saturation from rain events. An integral pan 
of any action must include the removal or stabilization in place of potential sources of groundwater 
and soil recontamination (e.g., pipelines, Tank W-IA, contaminated soil). Ifcontaminated soils are 
removed and replaced with clean fill and suspected primary contaminant sources are 
stabilized/removed, it is possible that the clean fill could be recontaminated by unforeseen events. 
In addition, soil removal has inherent personnel exposure, atmospheric dispersion, and waste 
management issues that must be addressed. Stabilization in place of contaminated soils with an 
acrylamide grout for example, could minimize future contaminant releases while avoiding potential 
problems associated with soi I removal. 

96-09015153.00611125 
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Soil remediation without addressing remediation of contaminated groundwater is considered 
to be only a partial action. WAG I monitoring results suggest that contaminant concentrations are 
increasing in the vicinity of the core hole 8 plume intercept system. Because groundwater 
contaminant concentrations at depth are so high, and a larger than anticipated volume of 
groundwater is highly contaminated. concentrations are likely to continue increasing at the periphery 
of the plume for the foreseeable future. Additional early actions. similar to the core hole 8 intercept 
system. are likely to be needed as contaminant discharges to First and Fifth Creeks increase to 
unacceptably high levels as more small contaminant seeps develop. 

Groundwater remediatiGnoptions could incorporate pump-and-treat or chemical fixation in 
place. While generally considered to be an undesirable option. pump-and-treat, in this case, would 
not need to continue indefinitely because a finite mass of contaminant exists within the preferred 
flow pathway that could be readily removed. Alternatively, chemical fixation could provide the 
opportunity to demonstrate a new technology. The current configuration of new well locations 
(namely wells 441 0 and 4411 and CH-8) are anticipated to be useful in implementing a groundwater 
remediation action . 
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EXECUTIVESUMMARY . ty;>-&!O.e/O/-1fltf + 

=t-l~tf W. 
The Waste Area Grouping (WAG) 1 Groundwater Operable Unit (OU) at Oak Ridge 

National Laboratoty (ORNL) in Oak Ridge, Tennessee, is undergoing a Remedial 
Investigation in accordance with the Comprehensive Environmental Response, Compensation, 
and Liability Act of 1980 (CERCLA). Oak Ridge is in Anderson and Roane counties, 
Tennessee, and ORNL is about 7 miles south of the city of Oak Ridge. ORNL was 
constructed in the early 1940s as part of the efforts during World War n to construct an 
atomic bomb. The research, production, fabrication, maintenance, and decontamination 
facilities that were constructed and operated as part of that effort have resulted in various 
sorts of environmental contamination throughout the Oak Ridge area. 

The lS()..acre WAG 1 is contained within the ORNL security area. It includes all of the 
former ORNL radioisotope research, production, and maintenance facilities; former waste 
management areas; and some former administrative facilities. This document, Waste Area 
Grouping 1 Ground~ater Phnse II Remedial Investigation Work Plan, identifies areas of 
concern with respect to WAG 1 groundwater and presents the rationale, justification, and 
objectives for conducting this Remedial Investigation. 

Volume 1 of this report summarizes the operations that have taken place at each of the 
areas of concern in WAG 1, summarizes previous characterization studies that have been 
performed, presents interpretations of previously collected data and information, identifies 
contaminants of concern, and presents an action plan for further site investigations and early 
actions that will lead to identification of contaminant sources, their major. groundwater 
pathways, and reduced off-site migration of contaminated groundwater to surface water. 
These investigations will lead to a baseline. risk assessment and aid in remediation option 
selection decision making'following a feasibility study for site remediation. 

" 
Site characterization activities performed to date at WAG 1 have indicated that 

groundwater contamination, principally r~diological contamination, is widespread. An 
extensive network of underground pi~lines1ind utilities have contnbuted to the dispersal of 
contaf!1inants to an unknown eJEten'Lln addition, numerous spills and pipeline leaks and the 
long and varied histoty of activities at specific facilities at ORNL complicates contaminant 
migration pathways analysis and source identification. The general absence of radiological 
contamination in surface water at the perimeter of WAG 1 is attributed to the presence of 
pipelines and underground waste storage tank sumps and dty wells distributed throughout 
WAG 1 which remove more than about 40 million gal of contaminated groundwater per year. 

One contaminant plume is currently known to be directly discharging off-WAG to surface 
water and indirectly discharging via plume in leakage to storm drains. These are the largest 
known groundwater contaminant discharges to surface water at·WAG 1. An early action is 
described which is designed to immediately terminate those discharges and intercept the 
plume at several locations along its length. This ea.rly action, however, is not part of this 
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Remedial Investigation but is described to add clarity and completeness to the presentation. '." 
Identifying the source for the plume is one of the primary objectives of the activities 
described in this report. Other areas of concern will undergo either exploratory investigation 
or monitoring to more fully describe the nature and extent of contamination and migration 
pathways which are also important report objectives. The approximate locations, numbers, 
target analytes. and sampling frequency of samples to be collected are described for each area 
ofconcem. 

In addition to groundwater elevation and quality data acquisition from new wells, the 
rationale and justification for a monitoring and sampling program to provide a minimum data 
record are descnbed. The monitoring and'sampling program will be an ongoing. long-term 
effort to determine changing conditions over time. . 

The Field Sampling Plan, the Field Quality Assurance Project Plan, and the Laboratory 
Quality Assurance Plan are also included. The Field Sampling Plan describes the objectives 
of data collection and the quality assurance documentation required to meet those objectives. 
The Quality Assurance Project Plans include the procedures that will be followed by the field 
samplers and laboratory to obtain reliable and defensible data. They also provide' for 
surveillances and audits and establish corrective actions to be employed in the event that 
activities are not consistent with quality assurance objectives. 

Volume 2 of this report, to be provided, is the Health and Safety Plan and Waste 
Management Plan for the WAG 1 Groundwater Phase II Remedial Investigation. It will be • 
prepared in accordance with 29 CFR 1910.120, and will contain an evaluation of potential 
hazards associated with the wastes disposed of from exploration, sampling, and monitoring. 
It will also descn"be personnel decontamination procedures designed to ensure that hazardous 

. andlor radioactive material encountered in the investigated area does not leave that area. 

• xiv 

000020 



tie 
~ .. 

. ,~ 

~: 
I 

• 

• 

6-1 

5i~ c.~tt(, fic-..... 
h. (;rW c... ~AV{ 

U~r I OtL{ D l - I l ~ t ~ 
6. NATURE AND EX1ENT OF CONTAl\flNATION [)'l.. 

AND SITE DATA NEEDS 

This section describes the nature and extent of contamination at WAG 1 as it is currently 
understood. Data gaps and additional data needed to describe groundwater contamination 
more completely are also noted. The description relies upon data reported by BNI (1992) and 
other limited historical data, and it focuses on groundwater and soils contamination which may 
serve as secondary sources of groundwater contamination. Accounts of additional historical 
contamination are based on information presented in Grimsby (1986) and known or suspected 
historical operations that took place in buildings and facilities, pipeline leaks, and accidental 
spills. Additional data needs and proposed actions follow the description of the nature and 
extent of contamination. 

r BNI (1992) provides a detailed accounting of WAG 1 groundwater, soils, and surface 
t I . wa'ter contamination. Radionuclides are the major groundwater contaminants at WAG 1 both 

in~erms of areal distribution and contaminant levels. Hazardous constituents typically occur 
in "more limited areas (e.g., adjacent to underground fuel tanks). Underground pipelines, 
sUfups, and tank dry wells affect the distribution of contaminants. 

" , Because activities contributing to groundwater contamination at WAG 1 have been 
numerous and varied over a long period of time, a presentation of the overall conditioi{ of 
groundwater contamination is confusing at best. As a result, major areas of contamination are 
treated as individual areas of concern, and points of overlap between areas are identified. To 
further simplify the presentation and facilitate comparison among areas, the indicator 
radiological analytes gross alpha, gross beta, and tritium are emphasized. Specific radionuclides 
are discussed when they contribute to the description of the nature and extent of 
contamination. Similarly, only those nonradiological analytes that contribute to '-an 
. understanding of the nature and extent of contamination are discussed. In groundwater these 
analytes include the volatile organic compound (VOC) TCE and its degradation products 
[1,2-dichloroethene (1,2-DCE) and vinyl chloride] and the metals cadmium, chromium, 
beryllium, mercury, and lead The occurrence of nonradiological soil contaminants is variable 
and addressed on a case·by-case basis. Tables 6.1 and 6.2' contain RCRA action levels for 
soil and SDWA MCLs for groundwater respectively for contaminants of concern in WAG 1. 

Only those areas with comparatively more significant or widespread contamination are 
described. This work plan is not intended as a full accounting of contamination at WAG 1 
but is intended to identify and prioritize areas for interim remedial actions, and resources will 
be directed at those .areas on a priority basis. Numerous isolated locations that are 
considerably less contaminated would receive a low priority ranking beyond monitoring, but 
should analysis of such monitoring data determine more significant or widespread 
contamination than presently understood, modifications can be made to the work plan in 

"Because of the length and number of the tables in Chap. 6, they appear at the end of the chapter . 
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subsequent phase Rls. In addition, because of overlap between areas, early actions will 
undoubtedly affect..conditions in areas peripheral to -the initiating area. The extent of this 
effect on peripheral areas cannot be realistically predicted at present. 

In general, gross alpha and gross beta groundwater contamination in any piezometer or 
well is inversely related to groundwater elevation. This relationship suggests that increased 
volumes of water during high base conditions serve to dilute contaminant levels. In contrast, 
tritium concentrations are commonly directly related to groundwater elevations, which 
suggests that tritium is mobilized during the rainy season. In both cases, the flux of 
contaminants through groundwater will be shown to be greater during high base than low 
base conditions because of accompanying increased groundwater movement. 

WAG 1 groundwater is a part of the much larger Groundwater au, and agreements 
have been reached as to which groundwater responsibilities lie with WAG 1 and which are 
part of more genera] issues to be addressed by the Groundwater au. Because most WAG 
1 groundwater contamination is considered to be contained within the upper portions of the 
aquifer, the nominal upper 100 ft of the aquifer is the responsibility of WAG 1. Deeper 
groundwater flow issues (e.g., long off·site flow paths, depth of active flow) lie with the 
Groundwater au. Exceptions will be the instrumentation of core holes CH-2 and CH-7A in 
WAG 1 discussed in Sects. 6.4.10 and 6.5.1. 

Because surface water in and around WAG 1 leads to WAG 2 (WaC south of the Haw 
Ridge water gap) the Groundwater au will auume responsibility for WAG 1 surface water. 
Issues related to groundwater underflow of surface water in WAG 1 will remain the 
responsibility of WAG 1. 

6.1 sans 

In general, soils are most highly contaminated in the vicinity of the N1F and STF, the 
3513 and 3524 impoundments, and Building 3019 (BNI 1992). Lesser contaminant levels occur 
in the Isotopes Area and near the thorium tank farm. Relatively localized areas of 
contamination are commonly related to pipeline leaks or spills. 

Background radiological contaminant levels from reference soil sampling reported in BN! 
(1992) indicate as much as 34 pCi/g gross beta, 56 pCi/g gross alpha, and 0.22 pCilg tritium. 
137Cs, 99-y'e, and total radioactive strontium (89Sr plus 9OSr) were detected in small amounts. 
Metals and hazardous constituents were detected in varying amounts. Because the list of those 
analytes is long. the amount that a WAG 1 sample value exceeded the reference value is 
described in the sections below. Table 6.1 contains reference and RCRA action level soil 
contaminant values. 

Beryllium concentrations in both WAG 1 and reference soils often greatly exceed RCRA 
action levels, and it is difficult to judge what actually constitutes manmade beryllium 
contamination in WAG 1. Klaassen et at. (1986) report that beryllium in the environment 

• 
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largely results from coal combustion, but it is also used in nuclear reactions. The relative 
contribution ,of these two mechanisms to beryllium soil contamination is not knO\Vl'1, but since 
coal combustion has and does occur both regionally and locally, that mechanism is considered 
to be the principal cause for the contamination. Deposits from vehicle brake linings may also 
contribute. 

6.2 GROUNDWATER 

Extensive areas of WAG 1 groundwater are contaminated with radiological and 
nonradiological constituents. Radionuclides are the principal groundwater contaminant. 
Contamination generally appears to be confined to the upper portions of the aquitard. 
Evidence to support the potential for contaminant migration to greater depths is discussed 
below, as,is the potential for off-WAG migration by groundwater underflow of surface water. 

Background radiological contaminant levels from reference sampling (BNI 1992) indicate 
'rabout 4 pCi/L gross alpha, 5 pCi/L gross beta, and between about 1000 and 2000 pCi/L 
tritium. SDWA MCI..s are 15 pCi/L (gross alpha), 4 mremlyear (gross beta) and 20,000 pCi/L 
:{tritium). Table 6.2 compares these levels. Although different geologic units in WAG 1 may 
~have slightly different amounts of naturally occurring radionuclides, gross alpha and_'beta 
maximum reference values are useful for evaluating contaminant levels. BNI (1992) descnbes 
the difficulties in accurately determining what cOnstitutes radiological contamination at 
WAG 1, and the maximum reference values and MCI..s were used only as guides. VOCs, 
base/neutrallacid-extractables, metals, and pesticides and herbicides were either not detected .' 
or were detected in relatively low concentrations at isolated locations. 

,6.3 SURFACE WATER 

Historical surface water radiological contamination data for First Creek, Fifth Creek, 
Northwest Tributary, and WOC surrounding WAG 1 indicate negligible to low levels of 
contamination. Contaminant discharges to WOC downstream of the PWTP outfall are 
obscured by plant discharges. Assuming that groundwater at WAG 1 discharges to adjacent 
surface water bodies, the generally low surface water contaminant levels compared to 
groundwater. within the WAG supports the concept that contaminated groundwater is being 
effectively captured by pipelines, sumps, and underground tank dry wells. Adsorption, 
radioactive decay, travel distance, and dilution in surface water also contribute to apparent· 
differences between groundwater and surface water contaminant concentrations. 

~4AREA~PECTIACCONTAMITNATION 

This section describes knO\Vl'1 areas of contamination in WAG 1 based on analysis of site 
data and/or historical activities. In most cases, these areas comprise the most significant or 
widespread contamination, and some are considered to contain contaminant sources . 

000023 

~..r;, 

it 
i'! 
;.;. 

c. 

:".,'.:. 



6-4 

6.4.1 Building 3001/3019 Area 
;"1-' 

This area includes Buildings 3001 and 3019, the 3001/3019 storage canal, and the "3019 
Hot Bank," which is the slope located north of Building 3019 (Fig. 6.'1-). Building 3001 is 
one of the oldest buildings at ORNL and houses the Graphite Reactor. Building 3019 
includes the main portion of the Radiochemical Processing Plant and houses a High Radiation 
Level Analytical Facility. 

Buildings 3001 and 3019 are connected by the 3001/3019 storage canal. The canal is a 
belowground concrete structure which is 7 ft wide, 11.5 ft deep, and 101 ft long. It is covered 
with a concrete lid and soil and has a capacity of 62,000 gal. The canal was used for 
underwater transfer of spent fuel from the graphite reactor and was in operation from 1943 
to 1963. The canal was then used fol' storage of radioisotopes until 1990 when a leak was 
discovered and removal of the stored material was initiated (ORNL 1990). Remediation of 
the canal under RCRA has been accelerated. As part of the remedial process, sludge 
containing cobalt crystals was removed from the canal. As a result of the sludge removal, the 
rate of leakage from the canal is reported to have increased. 

Also included in this area is the 3019 Hot Bank which is the slope located north of 
Building 3019. The slope has been contaminated by a combination of emissions from the 
Building 3019 stack and LLLW line leaks in the area. Most of the contamination at the Hot 
Bank is believed to be limited to surface or near-surface soils, but some contamination may 
have inflltrated to groundwater or been transported along pipelines that cross the area. 

In addition to the facilities described above, there are other potential sources of. 
contamination in the area. These include filter houses, underground ductwork, tanks, and 
pipelines. 

Environmental sample data for the 3001/3019 potential source area are limited mostly 
to surface and near surface soil samples. No water quality wells and only a limited number 
of piezometers are located within the area. The piezometers are completed at the top of the 
bedrock, and during most of the year do not provide sufficient quantities of water for 
sampling. Some groundwater data from wells located outside the immediate vicinity may 
indicate contamination from Building 3001/3019 sources. Screening level water samples have 
been collected from one temporary pipeline trench piezometer located at a former pipeline 
leak site. These data are discussed briefly below. 

Table 6.3 summarizes indicator radiological data from groundwater and soil samples 
collected from the 3001/3019 area. The data indicate that three areas of contamination exist: 
(1) site of an past pipeline leak southwest of Building 3019, (2) site of past pipeline leak 
north of Building 3019, and (3) the 3019 Hot Bank. 

< , 

-The legend for Figs. 6.1-6.4 and 6.6-6.12 appears on p. 6-S. 
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Soil boring SB132 is located at the site of a series of historic LLLW pipeline leaks that 
occurred southwest of Building 3019. Samples from this boring contained up to 16,005 pCi/g 
gross beta and 1043 pCi/g gross alpha. In addition, samples from this location contained 
elevated concentrations of several other radionuclides including 137Cs, total radioactive 
strontium, 6OCo, 238pu, 239!240pu. and 147Pm. Concentrations were greatest in samples collected 
from the 10-12-ft interval, which is nominally 5 ft below the estimated pipeline invert 
elevation. 

The historical pipeline leak site north of Building 3019 was sampled at borings SB130. 
Samples from this location contained elevated activities of gross beta (up to 1855.8 pCi/g) and 

. gross alpha (up to 3104 pCi/g). Radionuc1ides found in these samples include 241Am, 6OCo, 
)37es, lS2Eu, 238pu. 239!24Opu, and 2MCm. Highest concentrations were found in samples 
·coHected in the 10-12-ft depth interval, also below estimated pipeline invert elevations. 

.e' Soil samples collected at the 3019 Hot Bank also contain contamination. For example, 
i<gross beta activities in samples from boring SB126 were as high as 6171 pCi/g, and gross alpha 
,activities from the same location were as high as 1904 pCi/g. The most predominant 
.radionuclides detected in Hot Bank soils were 137es and total radioactive strontium. Most of 
the contamination on the Hot Bank appears to be limited to the upper 6 ft of soil. 

. fa. 

Soil samples were collected from other areas near 3001/3019, including the storage c~nal, 
pipelines, and buried tanks sites. With the exception of one boring, gross beta and gross alpha 
activities in samples from these borings were generally at or near background levels. However, 
because some of the borings (e.g., the storage canal borings) could not be advanced deep 
enough to allow sampling below the probable contaminant depth, it is possible that 
contaminants could have been missed. The location where contamination was detected is 
boring SB258, where soils in the 2-4-ft depth range contained elevated activities of gross beta 
and strontium. The source of this contamination is not known, but may be associated with 
buried pipelines in the area. 

Very little groundwater quality data are available for the 3001/3019 area. The only 
groundwater sampling locations in the area are piezometers 573 and 582. During the recent 
RI (BNI 1992), screening-level groundwater samples were collected from these locations. 
Results from these analyses indicate that groundwater at piezometer 582, located south of 
3019, contains elevated gross beta activities. However, it is important to note that samples 
from these locations are not considered to provide a complete or reliable representation of 
groundwater quality at the 3001/3019 area. 

Other incidental data provide additional indications that groundwater contamination may 
exist at the site. For example, soil samples collected from the two historic pipeline leak sites 
(SB132 and SB130) were wet at depths greater than about 10 ft BGS. This depth interval is 
greater than the depth at which the formerly leaking pipelines are believed to be buried, and 
is also the interval at which soil samples containing the greatest amounts of contamination 
were found. Based on available data from nearby piezometers, depths to groundwater in the 
area are typically> 25 ft. Therefore, the wet soils encountered in the soil borings may indicate 
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perched water table conditions, possible associated with leaky pipelines or with water moving 
'. along relatively pe~eable pipeline trench backfill material. 

A temporary piezometer was installed in borehole SB132 10 provide information on water 
quality in the perched zone. Screening-level water samples collected from the piezometer 
contained elevated activities of gross beta (up to 20,000 pCi/L) and gross alpha (up to 
110 pCi/L). Water levels in the piezometer have been quite variable (ranging from 11.65 to 
15.2 ft BGS), suggesting that periodic, fairly rapid, pulses of flow may occur. These pulses are 
probably responsible for most of the flow in the trenches. Concentration data for the SB132 
piezometer indicate that as the pulses occur, contaminant concentrations decrease, probably 
as a result of dilution. This. indicates that there is some direct communication between the 
trench and infiltrating water; the inflltration may occur directly on the ground, or from 
secondary sources such as building gutter discharges or leaking storm drains. 

Potential contaminant source areas in the 3001{3019 area include known historic pipeline 
leaks (mostly north and southwest of Building 3019), unknown historic leaks (floor drains. 
tanks, etc.). the historical canal leak, and leaching from hot bank soils. There are several 
potential mechanisms by which contamination may migrate from the 300113019 area to other 
parts of the WAG. Because of its position near the northern, upslope, upgradient portion of 
WAG 1 and its operational history, the 3001{3019 area is recognized as a potential source 
area for much of the contamination found in WAG 1 groundwater, including contamination 
in core hole CH-8, the NTF, the Isotopes Area, and other areas of the WAG. 

Most IDstorical.1eaks at 300113019 are believed to have occurred in unsaturated soil. In 
this situation, the clayey soils retard the downward migration of contamination. Contamination 
may be retarded for long periods of time, with periodic releases occurring when contaminants 
are periodically mobilized either because of a rising water table or downward infiltration. The 
net result is that there are areas of unsaturated soil in the 300113019 area that would continue 
to be constant or periodic sources of groundwater contamination. 

One area in which a direct release to groundwater may have occurred is north of 
Building 3019 where a cavity was discovered during excavation of the leaking pipeline. Waste 
is believed to have migrated into the cavity where it interacted directly with groundwater. The 
potential fot' contaminant migration along pipelines was clearly demonstrated by the results 
of a dye tracer test conducted following discovery of the pipeline leak (Huff 1985). The test 
results demonstrated that a hydraulic connection exists between the cavity and the Building 
3042 sump and underground pipelines in the area. > 

The pipeline network at 300113019 is believed to have a large impact on the transport 
of contaminated groundwater. There is a large, complex array of buried pipelines leading from 
the 300113019 area. These lines extend to much of the WAG, including the areas south of 
300113019 (e.g., NTF, Isotopes Area), First Creek, and Fifth Creek. As a result, the pipeline 
system may conceivably transport contaminants from the 3OO1{3019 area to virtually any other 
part of WAG 1. 

-. 
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\ The predominant groundwater gradient direction at 3001/3019 area is southward with 
-eastward and westward .components present. Groundwater in the area·may also migrate as 
stratabound flow, in which groundwater travels primarily along fractures or dissolution 
features in geologic strata. Dissolution features are known to occur in the Unit D beneath 
the 3001/3019 area. Stratabound flow appears to be ~n important transport pathway that 
results in migration of contaminants in the eastward or westward (along geologic strike) 
directions. 

An aggressive subsurface exploration program will be performed in the 3001/3019 area. 
The emphasis of the program is to determine the vertical and areal extent of contamination 
in the area. It will test hypotheses about the presence of a sizable volume of contaminant 
cOntained within a localized cavity system(s) in Unit D vs localized contamination related to 
specific historic pipeline leaks. Both conditions are candidates as a CH-8 plume source and 
pOssibly other contamination within the WAG which is a seCondary objective of the program. 
A .. tertiary objective is to determine the extent that pipeline trenches in the area are 

\. 

transmitters of contamination. 
~ ,~ 

As shown in Fig. 6.1, bedrock wells will be installed adjacent to piezometers 560,573. and 
582, and soil borings SB130 and SB132 New bedrock wells will be installed west of Building 

. 3i37, northwest of the NlF, south of Building 3019 in Hillside Drive, and adjacent,',to' a 
LLL W transfer line at the comer of Hillside Drive and Third Street. Four templ{;rary 
piezometers will be installed in pipeline trenches southeast of Building 3001 and north ofthe 
NTF to investigate eastward and southward migration in pipeline trenches . 

Piezometer 573 and a new bedrock piezometer near SB132 and SB130 are in locations 
very near historic pipeline leaks that may have contaminated groundwater. A new well south 
of the hot bank -would seek to identify contaminants in that area. Piezometer 582 is 
down gradient from the 3001 canal, and piezometer 560, currently in a nonwater bearing 

. portion of bec:1r6ck, is in a position near a possible southwest migrating pathway from'a 
Building 3019 contaminant source that could also be used in CH-8 plume source 
investigations. Bedrock wells south of Building 3019 will be near a major PWf transfer 
pipeline and south of the storage-tank, respectively. These will look at more localized areas 
of contamination near Building 3019. The well at the southeast comer of Hillside Drive and 

'Third Street will look at both localized areas and more widespread contamination. 
Comparison of water elevations with the adjacent interface piezometers would also provide 
information about perched water. . 

It must be presumed that significant quantities of contaminant will be encountered during 
drilling, and decisions about the potential use of the boring in remedial design will need to 
be made. Because of the possible presence of secondary soil contamination in the area, soil 
auger drilling will sample and analyze for contamination as field screening dictates. The 
temporary piezometers in pipeline trenches would address potential migration from the area 
to the east. 
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A core hole near piezometer S83 into Unit D will seek to locate a potential contaminant 
pool south of Building 3019 at depth. The investigation:would also be related to the CH-8 
plume source investigation. The most desirable exploration method is core drilling which 
provides hlgh resolution subsurface control. It is anticipated that such exploration to a depth 
of about 150 ft would proceed by advancing the hole in controlled increments with the ability 
to set casing during drilling to avoid creating an artificial contaminant pathway and to aHow 
drilling to proceed. 

If significant contamination is identified in these activities, installation of an additional 
piezometer(s) is foreseeable as part of a follow-on RI phase. Criteria for piezometer siting 
would include (1) areal and' vertical contaminant characterization and (2) ability to remove 
contaminants by pumping if limited pump and treat is selected as th.e preferred remediation 
option. 

Temporary piezometers in pipeline trenches southeast of the area would address pipeline 
. migration pathways from the area to the east for which there are currently no data. The 
precise location for the temporary piezometers would be determined in conjunction with 
ORNL Waste Management and Engineering divisions staff who are knowledgeable about 
pipeline locations. 

6.4.2 Underground Tanks 

This section describes groundwater contamination associated with major underground 
liquid waste storage tanks. In WAG I, Gunite and associated tanks are considered to be a 
separate OU. Because the NTF and STF constitute the major tank storage areas, they are 
treated separately. In addition, remedial investigation/feasibility studies activities are under 
way to address closure of the NTF and STF. The remaining tanks are then treated together. 
The approxmiately 80 x 230 ft contiguous area to the east of the· STF which contains one 
lS00-gal capacity Gunite tank and six small stainless steel tanks is not part of the STF Ou. 
The principal objective of investigations in the NTF and STF is to detennine the relationship 
between tank and groundwater elevations. 

Figure 3.2 shows the locations of the major inactive underground liquid waste storage 
tanks in WAG 1, some of which may be potential sources of groundwater contamination. 

,. Under nonnal circumstances leaks from those tanks beneath the water table would contribute 
greatly to groundwater contamination, but tank sumps and dry wells appear to capture 
groundwater contaminants and inhibit migration away from the tanks. Dry wells are pumped 
periodically or as needed to the PWTP or LLL W system for treatment. 

During their operation, the tanks were used for temporary storage of low-level, process, 
and mixed liquid wastes. They were taken out of service because they were no longer needed. 
Because they concentrated large quantities of wastes (for decades in many cases) and many 
historic pipeline leaks near the tanks are reported, the tanks are considered to constitute 
major potential primary and secondary sources of groundwater contamination in WAG 1. 
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6.4.21 North Tank Farm 

Tanks in the NlF (Fig. 6.2) were installed in the 1940s and early 1950s to receive LLLW 
principally from Building 3019 but also from Building 2026. Tanks are either stainless steel 
or Gunite construction, and aU are inactive either because of leaks or because they are no 
longer needed. Because of inleakage, tank liquid levels are monitored, and liquids are 
periodically pumped to the LLL W system. The NlF has long been a major liquid waste 
transfer and storage area at WAG 1. Because several pipeline leaks are known to have 
occurred during its history, it is recognized as a potentially significant source of groundwater 
contamination. 

The NlF is serviced by a sump system which collects liquids (groundwater or tank 
~ outleakage) at the base of each tank. The liquids drain to a common sump in the south 

central part of the tank farm and then drain by gravity past the west side of the STF to the 
PwrP for treatment and eventual discharge. 

Groundwater data are available only from the periphery of the tank farm which are likely 
i. not to be representative of groundwater conditions within the tank farm or the excavations 
::immediately around the tanks. Gross beta analytical data are obtained monthly from the 

W-1A tank dry well and from the dry well in the southern part of the farm where all the 
individual tank sumps drain. Radiological contamination is significant in these dry wells 
(hundreds of thousands of picocuries per liter), but it is uncertain what portion of this 
contamination, if any, is derived from groundwater. 

Analytical results from soil boring SB26 (Table 6.4), which encountered saturated 
conditions in the 15-ft sample, are interpreted to be representative of groundwater conditions. 
Significantly less to essentially no contamination was found in the unsaturated soil samples. 

. Nonradiological' contamination in the 15-ft sample was not detected above reference values. 
An anomalously high 212,000 ~g of beryllium in the 0-5·ft sample is not understood: ' 

Soil boring SB26 is located just north of tank W-1 which has an estimated depth to the 
bottom of the tank of 13 ft. This suggests that groundwater elevation is below the bottom of 
tank W-l, and it is assumed that dry wells at other tanks also effectively maintain groundwater 
levels. near the bottom of the tanks: Results from other soil borings in the NlF indicate-that 
contamination is generally in close proximity· to tank locations and that contamination 
generally increases with depth. 

Despite the absence of groundwater analytical data from the NlF, its history of 
operation and proximity along geologic strike from core hole CH-8 has made it a candidate 
source area for the CH-8 plume. Alternatively, leaks from LLLW or process waste pipelines 
from the Building 3019 area to the NlF could be the source. 

To evaluate these scenarios, a comparison was made of the radionuc1ides found in CH-8, 
in SB26, and from temporary piezometer SB132 in a process waste pipeline trench on the 
southwest corner of Building 3019. The comparison indicates that the suite of radionuclides 
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as well as their concentrations are similar for all three locations. For example, 90sr was the •• 
most abundant radionuclide found at each location, aoo'gross alpha and 238U were found at 
all locations. Overall, contaminant' suites are most similar between SB132 and CH-8, and 
contaminant concentrations were most similar between CH·8 and SB26. These results suggest 
that both the NTF area and Building 3019 areas are potential sources of CH-8 contamination 
andlor that 3019 is a source of NTF contamination. 

Because of the proximity of the NTF slightly south of the CH-8 plume, assuming the 
level of water in tank sumps and dry wells is representative of groundwater elevation in the 
immediate vicinity of that location, and assuming that tank sumps effectively capture 
contaminants in the near vicinity of the tanks, the NTF is not considered to be a candidate 
source area for CH-8 contamination. However, these assumptions are not confirmed, and 
essentially no data are available to describe the potential migration of NTF contaminants 
either through pipelines or groundwater to the west or south. 

The data acquisition program for the NTF is designed to describe the configuration of 
the water table in the i1T!mediate vicinity of tank excavations and to determine the 
effectiveness of tank dry wells in removing contaminants. These data will be used to support 
decision making for NTF remediation alternative selection. 

Six drive points (at the locations shown on Fig. 6.2) will describe the elevation of tanks 
with respect to the water table and the radius of influence of tank dry wells on the water 
table configuration. Those located near tanks will be located on the opposite site of the tank 
Jrom the dry well to describe the configuration of the water table surface immediately around 
the tank and to compare contaminant concentrations with those in the tank dry wells. The 
drive point location near the center of the NTF and outside of the tank excavation pits win 
be used to compare water elevations and contaminant concentrations with those inside the 
pits. The drive point located along the northern edge of the NTF will be used to compare 
groundwater elevations and contaminant concentrations upgradientof the NTF with those 
within the tank excavation pits. After an initial evaluation of the presence of contaminants 
in the drive point wells, pressure transducers and data loggers will be used to obtain water 
elevation data from the drive points and tank dry wells to reduce waste generation. Sampling 
will be performed during high base, low base, and high base storm conditions. 

Similarly, with knowledge about· the amount of water transmitted through the NTF 
common sump, in combination with monthly radiological content of the water currently being 
Collected, estimates about the flux of contaminated groundwater being captured by the sump 
system can be made. Consideration will be given to the feasibility of installing a flow metering 
device in the NTF common sump. 

6.4.22 South Tank Farm 

The 130 x 200 ft S1F (Fig. 6.3) contains six large buried Gunite storage tanks that are 
approximately 50 ft in diameter and 12 ft in height with a 170,00Q-gal capacity. They were 
constructed within a pit excavated into the underlying bedrock. Old photographs suggest the 
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excavation may be about 5 ft into bedrock. The backfill material around each of the tanks is 
a 3-ft layer ,of 2-in. crushed stone surrounding the tank from the base to the top. A dry well 
and sump system similar to that described for the NTF consists of a concrete pad at the base 
of each tank and a gutter system that drains water from each pad to one of six individual dry 
wells. The dry wells in tum drain to a"common sump for pumping to the PWTP. In the event 
of a leak, the liquid was intended to flow through the crushed stone to the concrete base then 

. drain to the sump system. The system was draining an estimated average of 26,500 gaUd in 
the early 1960s (Mynatt and Webster 1963) as a result of groundwater inleakage into the 
sump system. 

:"'. 

The Gunite tanks were originally built for permanent storage of radioactive liquid waste 
produced by the plutonium pilot plant They were to receive waste from the building drains 

" 'uphill to the north and to overflow from one tank to the next toward the south. As the 
" " laboratory grew, the storage tanks became inadequate to handle the volume of liquid waste 

'" being generated. The waste was precipitated in the tank by raising the pH with sodium 
hydroxide; the supernatant was decanted to waste holding basin 3513 and subsequently 

I' discharged to WOC. This practice changed in 1949 when a new evaporator was developed to 
" handle the effiuent. The use of each tank continued to change over the years as laboratory 

operations evolved. 

Video inspections of Gunile tanks W5, W6, and W8 conducted during or soon after rain 
events indicated that all three tanks receive inleakage of stormwater from the top. :-The 
remainder of the Gunile tanks, except possibly tank W-7, are also expected to have similar 
inleakage." . 

Soil samples from 12 soil borings drilled between 1990 and 1991 provide data on'soil 
contamination in the SlF (BNI 1992). No groundwater samples have been collected within 

, the SlF. " .; , 

Table 6.5 lists the gross alpha, gross beta, and tritium con~ntrations for soil samples"' 
collected within the SlF. The primary radionuclides found in S1F samples were 90Sr and 
137es both of which are beta emitters. As a result, gross beta activities in soil samples from 
the SlF were significantly higher than gross alpha activities. Samples from nine borings 
exceeded the highest reference gross beta activity. The highest gross bela activity 
(34,831 pCilg) was detected in a sample from boring SB183 which is situated near a process 
waste pipeline that extends from Building 3515. Other locations where samples with high 
gross beta activities (> 1000 pCilg) were collected include boring SB19 (1394 pCilg). located 
next to tank W-10; boring SB20 (1791 pCilg), located near tank W-7 and next to a process 
waste pipeline; boring SB182 (17,047 pCilg),located next to Building 3515 and near a process 
waste pipeline; and boring SB213 (5204 pCilg). located near a group of process waste 
pipelines in the southeast portion of the tank farm. 

In contrast to the NTF, gross beta activities were highest in samples collected from 
depths of 6 ft or less. A total of eight samples from depths > 10 ft were. collected from five 
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borings; gross beta activities exceeded 1000 pCi/g in one of these samples. In addition, a 
sample from the 22-23.1-ft interval at boring SB20 conmined 607 pCi/g gross beta. 

241Am and isotopes of uranium and plutonium were found at elevated levels in some soil 
samples from the SlF. Samples from five borings contained gross alpha activities that 
exceeded the highest reference activity (56 pCi/g). The highest gross alpha activities were 
found in samples from boring SB20 (near tanks W-7, W-9, and process waste pipelines); 
boring SB182 (near Building 3515 and process waste pipelines); and boring SB213 (near 
process waste pipelines in the southeast corner of the SlF). 

In addition to soil boring data, information about a LLL W pipeline leak discovered in 
the summer of 1993 suggest that another source of contamination may be present. The leak 
was discovered along Central Avenue in a LLLW line north of tank W-5. High levels of soil 
contamination were found in the excavation when repairing the leak. The duration of the leak 
is not known, but it may have been active for a number of years. It is possible that 
contamination from the leak has leached to groundwater and is impacting groundwater quality 
in the SlF. 

The data indicate that significant amounts of contamination exist in shallow soil at the 
SlF. However, information about the nature of the tank/groundwater interactions is not 
known. Groundwater contamination at the SlF may have been derived from historical leaks 
in pipelines, or from contaminants migrating along pipeline trenches. The soil data suggest 
that much of the contamination occurs in shallower soils, indicating that contaminants were 
derived from pipelines to the tanks. However, there are isolated occurrences of contamination 
found at deeper intervals. 

As described above, the SlF is contained within a pit that was excavated into bedrock. 
The major factor affecting groundwater within the pit is likely to be the tank sump system. 
If the sump system is effective, groundwater within the pit is at least partially contained. 
Depending upon the effectiveness of the dry well and sump system, some contaminated 
groundwater may migrate out of the tank farm through pipeline trenches or within, the 
groundwater flow system. Data regarding hydrogeologic conditions within the tank farm are 
needed to evaluate these scenarios and to evaluate the effectiveness of the dry well system. 

Similar to the NTF, the SlF data acquisition program is designed to assess 
groundwater/tank interactions within the excavation pit surrounding the tanks and to compare 
these data with data from nearby piezometers around the tank farm. In addition, the 
distribution of contaminants in these locations will provide some indication of the likely 
migration pathways for groundwater contamination. If significant amounts of contamination 
are found, additional followup studies may be needed to further evaluate the transport 
pathways. 

Four drive points will be installed in the SlF area at locations shown in Fig. 6.3. These 
well points will be driven to the top of bedrock and will be situated away from any known 
buried pipelines. The three well points on the north side of the tanks will provide water 
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elevation and quality data for comparison with similar data from tank dry wells on the 
. opposite sid~ of the tanks.· These will describe· hydrologic and concentration gradients on 
opposite sides of the tanks. This configuration assumes that groundwater flow to the 
excavated pit is from the north. The fourth drive point will be between Building 3515 and 
tank W-10 will describe hydrologic and concentration gradients between the building and the 
tank sump. 

Similar to the NTF, drive point wells and dry wells will be instrumented with pressure 
transducers and external data loggers to reduce waste generation. Sampling will be performed 
during high base, low base, and high base storm conditions. Monthly sampling of the common 
S1F sump in the southwest comer of the tank farm and possible installation of a flow 
metering device will describe flow volumes to calculate contaminant flux. 

The d~ta from the wellpoint near W -5 will also be compared to analytical data for the 
!. Soils excavated from the pipeline leak site adjacent to the north boundary of the S1F. 

Similarities in isotopic compositions between the groundwater and soil samples may indicate 
that the pipeline leak is the source of some of the groundwater contamination in the S1F. 

6.4..23 Remaining tank farms and isolated ta.nb 
j,;. 

Remaining tanks at WAG 1 include WC-5, 6, 7, and 9 and TH-l through TH-3 in":ihe 
thorium tank farm; WC-lO through WC-17 serving the 4500N area; W-ll and W-12,'and 
W-19 and W-20 southeast of the S1F; W-16 through 18 northeast of the S1F; TIl-4 
southwest of Building 3550, and We-ltn the Isotopes Area. ' 

Tanks W-U and TH-4 are Gunite construction and the others are stainless steel. WC-9, 
WC-lO, and W-16 are the only remaining active tanks. All are constructed on bermed and 
graded concrete pads and presumably backfilled with an undetermined combination of rock 
or excavated saprolite. Dry wells at the lowest part of the tank pad collect water which is 
pumped periodically from the tank. In the tank farms, individual tank sumps drain to a' 
common sump and dry well. 

Monthly liquid tank level data are obtained by Waste Management Division staff and 
maintained on a computer data base. In those cases (e.g., WC-17) where a sump pump 
discharges accumulated groundwater near the base of the tank, monthly sump pumping 
estimates are made based on the rated pumping capacity of the pump and .the amount of time 
the pump operates. The accuracy of the estimate is admittedly subject to question. In the case 
of WC-17, the relatively Constant tank liquid level is attributed to sump pump operation. That 
the liquid level is maintained at 'about 300 gal may reflect the elevation of the pump. Camera 
inspection of the tank after it was emptied showed considerable inleakage into the bottom 
of the tank. Tank inleakage was also identified in WC-15 when a sudden loss of tank 
contents, approximately 500 gal onow to moderately contaminated liquid, occurred in August 
1993. WC-1S and WC-17 are serviced by a common sump pump that maintains liquids in both 
tanks at similar elevations. In those cases where tanks and tank sump dry wells are emptied 
monthly by pumping, the rate at which the tanks or dry wells refill is not known . 
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No wells or piezometers are in sufficiently close proximity to any of the surplus tanks to 
accurately estimate the groundwater elevation in the "Gear vicinity of the tanks. However, 
because groundwater elevation is generally close to the elevation of bedrock and excavations 
of many tanks can be presumed to have been close to that depth, tank bottoms can be 
expected to be below normal groundwater elevation at some and certainly below high base 
groundwater elevation in many cases. 

A considerable but unquantified amount of groundwater is considered to be captured 
from underground tank sumps and dry wells. The presence of these tanks is therefore a 
possible component of the overall WAG 1 groundwater removal and treatment system that 
reduces apparent contaminant levels in surface water. In. conjunction with knowledgeable 
Waste Management Division staff, the acquisition of reliable dry well water elevation, refilling 
rate, and radiological data from selected tank dry wells will allow the flux of contaminant 
removal to be calculated. These data will be used to describe groundwater/tank interactions 
to more adequately evaluate remediation options ,than at present. Recommendations for the 
locations for monitoring and sampling frequenCy would be made with input from Waste 
Management Division staff but would include perhaps as few as three to four locations 
considered to be representative of conditions throughout the underground tank system. 

6.43 Isotopes Area 

The Isotopes Area is located in the central part of WAG 1, north of Central Avenue, 
south of Hillside Avenue, and west of Fifth Street. Figure 6.4 shows locations of buildings, 
wells, soil borings, manholes, and sumps in the Isotopes Area. 

During the production of radioisotopes for many years, numerous spills and pipeline leaks 
have occurred in the Isotopes Area, and it contains both radiological and nonradiological 
contaminants. Contamination in the general Isotopes Area is also from leaks and spills during 
operations in the 1950s and 1960s, and contamination is known to occur beneath Building 
3047 that is at least partly discharging into the process waste pipeline network in the area. 

East-flowing seepage of 90Sr and 137es contaminated groundwater into the foundation 
excavation for Building 3047 is anecdotally reported during building construction in the early 
1960s. Neither the extent of contamination nor the volume of the seep are known, but the 
source was apparently commonly considered at the time to be from the Hillside area. Grimsby 
(1986) reports significant contamination obtained from piezometers within and near the 
building in the early 1970s. Inleakage to abandoned process waste pipelines is known to 
occur, and pipeline in-situform lining in the mid-1980s was not perfo~ed on those portions 
of the pipeline to allow this capturing effect to continue. Water captured in these pipelines 
is treated in the PWTP. 

Elevated levels of gross alpha, gross beta, and tritium were detected in groundwater 
samples from Isotopes Area wells and sumps (Table 6.6). The highest levels of gross alpha 
and tritium in Isotopes Area wells were found in the low base sample collected from well 608 
in November 1991. Well 608 is located approximately 50 ft south of Building 3033, between 
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Buildings 3037 and 3038. Alpha-emitting radionuclides detected above background levels in 
well 608 included .22&J:h (8.7 pCiJL). 23()o}n (2.6 pCiJL), 23Zn (4.3 pCiJL), and 2l4Cm 
(108 pCiJL). The highest gross beta activity in Isotopes Area wells was detected in the March 
1991 high base sample collected from well 598, which is located about 50 ft west of Building 
3092. Beta-emitting radionuclides detected in this sample included total radioactive strontium 
(124 pCiJL) and 63Ni (346 pCi/L). 

Levels of gross alpha, gross beta, and tritium (including the highest tritium activity 
detected in WAG 1) which were from two to four orders of magnitude higher than those 
detected in Isotopes Area wells were found in a water sample collected from the Building 
3033 sump. Beta-emitting radionuclides found in this sample included 137Cs (599,000 pCi/L), 
lS2Eu (15,500 pCiJL), lS4Eu (8440 pCiJL), lssEu (2290 pCiJL). S7Co (5790 pCiIL), 6OCo 
(2070 pCiJL), and 22Na (3060 pCiJL). The volume of water pumped by the sump is not known 
but has been estimated to be about a couple of hundred gallons per day. 

The reported presence of 22Na and S7Co are suspect from that sump because those 
radionuclides were produced in Building 3030 for the cyclotron program. Production 
essentially ceased in the early 1980s, and in the intervening years, S7Co and 22Na would have 
gone through 13 and nearly 4 half-lives respectively. Concentrations in the thousands of 

. picocuries per liter today are noncredible for SiCo and suspect for 22Na. 

A water sample collected from the Building 3106 sump contained moderately high gross 
alpha and gross beta activities. The tritium activity in this sample was about four times the 
maximum reference level. 

Elevated levels of gross alpha, gross beta, and tritium were detected in samples collected 
from soil borings in the Isotopes Area (Table 6.7). The highest levels of gross alpha 
(1890 pCi/g) and gross beta (3218 pCi/g) were found in the 4-6-ft interval in SBI60 at the 
site of a suspected pipeline leak in Central Avenue. Alpha-emitting radionuclides det&:ted 
in this sample included 234U (185 pCi/g). 23SU (25 pCi/g). and 238U (1383pCi/g). Beta
emitting radionuclides found in this sample included 63Ni (133 pCi/g) and 147Pm (lOA pCi/g). 
Elevated gross beta activities in soil borings SBl48 and SB149 were associated with the 
Building 3028 leak area. Samples from soil borings SBl50, SB152, and SB153 which were 
collected at sites of suspected or known past pipeline leaks contained elevated gross beta 
activities. The second highest gross beta activity detected in Isotopes Area soil borings 
(2830 pCi/g) was from the 12-14-ftdepth interval in SB40, located directly north of tank 
WC-l. Beta-emitting radionuclides found in this sample included 90Sr (886 pCilg), 137 Cs 
(390 pCilg), and 6OCo (100 pCi/g). These elevated activities were likely the result of a leak 
from tank WC-l evidenced by the dispersed surface contamination in the surrounding area. 

Table 6.8 is a summary of nonradioiogical contaminants found in Isotopes Area wells. 
Metals detected in groundwater samples from these wells included beryllium. cadmium, 
chromium, and lead. These metals were present at levels below to slightly above SDW A 
MCI...s. The VOCs l,2-DCE and TeE were detected in groundwater samples from well 598, 
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located west of Building 3092. This well contained the highest concentration of TCE in 
WAG 1 (210 ~jn the low base sample collected in;october 1990). 

Beryllium, chromium, and lead were detected above background but well below RCRA 
action levels in Isotopes Area soil borings. TCE was detected in one soil sample from the 
12-14·.ft interval in SB40. 

A study of process system Dows and radiological monitoring data in Isotopes Area 
manholes indicates that the Dux of gross beta through MH114 is one to two orders of 
magnitude higher than through MH112 It appears that this additional gross beta activity is 
entering the process system between the two manholes. As there are no processes discharging 
to the process system between MH112 and MH114, the source of this beta activity is 
generally considered to be contaminated groundwater which is being intercepted by an 
abandoned line exiting MH114 toward the north. MH114 is approximately along geologic 
strike with the Building 3033 sump. Possible sources of the radiological contamination of 
groundwater in the sump and in the process system could be uphill in the 3019 or 3042 areas. 
Contaminants could be transported downdip with groundwater in Unit D, discharge upward 
to Unit E, and move along strike to the east in a mirror image of the CH-8 plume. 
Alternatively, there could be a source to the west in the Building 3026 area, a localized 
pipeline leak, or a combination of sources. This contamination could ultimately be intercepted 
by the process system and be treated in the PWTP, move off·WAG in permeable pipeline 
trench backfill, andlor underflow Fifth Creek. 

Data acquisition for the Isotopes Area seeks to address the issues of contaminant source 
and possible underflow of Fifth Creek. In all cases, isotopic comparisons will be used to test 
alternate hypotheses about contaminant source . 

. The 30331 sump was resampled in April 1993. This sample will be analyzed for tritium, 
gross alpha, gross beta, and alpha and beta.emitting radionuclides. The primary purpose of 
sampling this sump was to confirm the presence of contamination found in previous sampling 
and to determine the presence or absence of ~r and 137Cs. In addition, within the limits of 
data resolution, the bottom of the Building 3033 sump could be very close to the Unit E 
stratum through which the CH-8 plume migrates. If so, the contamination in the sump may 
not necessarily be from a local source but could be from another location to the west or 

. northwest At present, the available data provide no indication that anything other than a 
local source is responsible for the contamination. However, the data cannot rule out the 
possibility of a remote source. 

Radioanalytical sampling in manholes MH114 and MH233 would be compared with 
results from the Building 3033 sump to determine contaminant source locations. Because 
these manholes are known as groundwater catchment features, analysis for B1EX and TPH 
will be used in monitoring of petroleum underground storage tanks (USTs). A core hole 
located to the west of Building 3038 and targeted to the CH..s plume stratum will address 
issues of both eastward, mirror image migration of the CH-8 plume, and isotopic comparison 
with other samples would also address the issue of contaminant source in the Isotopes Area . 
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Sampling in Stockdale core hole 33 would address possible contaminant underflow of Fifth 
Creek .from the Isotopes Area. Sampling of piezometer 598 will;be used to monitor 
radiological and VOC contamination. 

6.4.4 CH-8 Plume 

The s().Called CH·8 contaminant plume was identified in early 1992 as an apparently 
narrow, westward migrating, strike·parallel plume which discharges off·WAG to First Creek 
(Fig. 6.5). Gross beta contaminant levels in CH-B are among the highest measured in WAG I, 

. and 90sr constitutes the majority of the beta activity. Analytical data indicate that a part of 
the plume seeps into.a storm sewer near the northeast comer of Building 2013 and discharges 
to First Creek via outfall 341. The plume also seeps into an abandoned storm sewer line 
which paraUels First Street and discharges via outfall 342 . 

. Sampling of piezometer 535 to the west of First Creek in conjunction with CH·8 plume 
irivestigations in November 1991 revealed gross alpha, gross beta, and tritium values of 116, 
322, and 647 pCi/L respectively, which was suggested (BNI 1992) to represent underflow of 
First Creek. No source for the contamination is known or suspected to be to the west of First 
Creek. In the absence of data to determine the isotopic composition of the piezometer 535 

. cOntamination, it must be presumed that the CH·8 plume is underflowing First Creek( 
,., 

Similarly, routine sampling of outfall 247 in November 1992 revealed more' than 
1700 pCi/L gross beta activity, more than l4QO pCi/L of which was attributable to 9OSr; 
however, seven sampling events from March 1991 through June 1992 revealed an absence of 
contamination in that outfall, and a sample in March 1993 also showed no contamination. The ." 
samples with elevated values were not obtained during periods of particularly high 
precipitation which might indicate high contaminant flux, and analyses before and since show 
a lack of contamination. A field reconnaissance survey of the outfall area in May 1993 shc:;>wed 
an absence of activity,' and the elevated values are considered to be anomalous. . ... 

Available indicator radiological data from isolated intervals in CH-8 are in Table 6.9. 
Data for wells and piezometers within the plume, First Creek, and outfalls 341 and 342 are 
in Table 6.10. The data indicate relatively stable contaminant levels over the brief period of 
record with the exception of increasing tritium concentrations in well 812 and piezometer 539. 
Increasing tritium at these locations may be interpreted to indicate the presence of a separate 
tritium source or that the plume is evolving and tritium is migrating ahead of other 
radioisotopes. Because there are no known or suspected tritium sources in the vicinity of well 
812 or piezometer 539, the latter interpretation is favored. 

Data to further characterize the CJI.8 plume have not been obtained. The source of the 
plume is undoubtedly to the east of CH-B, and the current conceptual model describes 
upward leakage into Unit E from the Building 3019 area above Unit D where significant 
quantities of contaminant may reside. Alternatively, or perhaps in combination, leaking 
pipelines in the NTF area could be a source. Isotopic comparisons, described in Sect. 6.4.2.1, 
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indicate that both areas are potential sources, but at present the data are insufficient to be 
more definitive. 

An aggressive plume characterization. interception, and source identification program will 
be performed for the CH-8 plume as an early interim action. The program utilizes data to be 
obtained from the Building 3001/3019 area, the NlF, and the Isotopes Area described above. 
Consideration was given to possible dual use in CH-8 source identification in the siting of 
many of those wells and core holes. Basic Components of the program include source 
identification, plume interception,· and investigation of underflow of First Creek. 

Early action plume characterization and removal activities described in the paragraphs 
. that follow are included only to provide a comprehenSive and coherent presentation of 
activities· related to CH-8. These early actions, however, are not part of this work plan. 
Rather, they are part of the CH-8 early action Engineering EvaluatiOn/Cost Assessment to 
be prepared before final approval of this work plan. 

Plume characterization activities are designed to support early action remedial design. 
Eight to ten bedrock weathering interface wells will be installed along the southern plume 
boundary and across the plume axis to describe the plume areal configuration and to assist 
in identifying locations for plume interception trenches described below. Two such wells will 
be installed downgradient of the trenches to monitor interceptor trench effectiveness. A 
nominal 100 to 150 ft core hole located west of Building 2069 will intersect the contaminated 
stratum at depth to investigate down dip migration. Semi-annual monitoring of piezometer 
535 will continue to address underflow of First Creek, and similar sampling of piezometer 539 
and well 812 will be used to monitor interceptor trench effectiveness. 

Early action remediation is designed to (1) immediately halt plume seepage into the 
storm sewer system, (2) intercept the plume at several locations to prevent new such seepage 
from developing, and (3) identify the source of the plume. Based on analyses of First Creek 
outfalls 341, 342, and storm sewer locations, the plume is known to be seeping into the storm 
sewer system. One location is an abandoned portion of the system on the eastern side of First 
Street which apparently (according to the ORNL Atlas) has a portion of pipeline which 
continues to the east toward piezometer 539. This pipeline discharges to First Creek via 
outfall 342 Manholes to the north of Building 2013 also receive plume seepage which, after 
joining with other parts of the storm sewer system, ultimately discharges to First Creek via 
outfall 341. 

The pipeline near First Street will be videoed to determine where the seepage is 
occurring, and the pipeline will be lined to prevent further seepage. The manholes north of 
Building 2013 will be lined and interceptor trenches constructed to the north of the manholes 
to prevent further seepage in the area. Preliminary conceptual design for the interceptor 
includes a french drain which would direct water passively captured in the trench to the 
PwrP for treatment. Quarterly monitoring of Outfalls 341 and 342 will be performed until 
such time as it is determined that they are no longer discharging contaminants. 

•• 

• 

• 
000038 



• 

,.I 

• 

• 

6-25 

Because the plume is in an area of groundwater discharge, two additional passive 
interceptor trenches are planned at locations across the plume axis to further control seepage. 
The precise locations for the trenches will be determined after characterization wells more 
definitively describe the plume, but at present one is envisioned in the vicinity west of 
Building 2069 and the other is envisioned between Buildings 2011 and 2018. They, too, will 
contain french drains which will direct captured water to the PWT system for discharge. 
Bedrock weathering interface monitoring wells will be installed to the west of each extraction 
trench. 

Contaminant removal is also planned for CH-8 because of its high levels of 
, contamination and presumed location near the source. This will be accomplished by low

volume pumping from the Westbay installation sampling ports to the PWf system along Third 
Street. Semi-annual sampling of the CH-8 Westbay installation will continue until the 
contaminant removal system is operational to maintain a continuous record, monitor changes 
in

r 
concentration at different phases of the water year, and provide baseline conditions for 

comparison after initiation of the early action. \' 

J. In all cases, contaminant removal is designed to minimally perturb the natural 
gr~undwater system. It is considered likely that the groundwater flow system and presumed 
diStribution of contaminants may be sensitive to more aggressive removal options (e.g., larger 
scale pumping) which could lead to possibly undesirable results. At present, the degree~and 
areal distribution of contamination is insufficiently characterized to anticipate the effects of 
system perturbations. With the exception of minor extraction from CH-8, the plume removal 
system would simply provide preferred groundwater discharge galleries for the existing 
discharging system. 

Selection of the contaminant removal and treatment option for plume interception is to 
obtain immediate results with a proven and in-place technology. As the interception system 
matures and monitoring results are analyzed. the removal and treatment option is likely to 
be reevaluated in lieu of alternatives such as in-situ remediation technologies. 

It is known that historic problems have occurred with a concrete-encased LLLW pipeline 
on the eastern side of Third Street. To investigate the possibility that the CH-8 plume source 
is related to this line, three temporary piezometers will be installed near the pipeline in a 
north-south orientation running across the presumed plume axis. Additional plume source 
investigations are described in the sections' above. Sample analyses from wells and core holes 
will be compared to describe the levels and compositions of contamination. Depending on the 
analytical results, source removal or immobilization options will be considered to augment 
those remedial actions already under way. 

6.4.5 Oak Ridge Research Reactor (Building 3042) Area 

The Oak Ridge Research Reactor (ORR) was placed in service in March 1958 and was 
shut down in 1987. The reactor shielding pools and associated equipment are located within 
tbe main building (3042). Heat removal syStems are located within adjacent buildings . 
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Containment ducts and filter pit areas are contaminated with 137es, 9OSr, and 6OCo. Figure 6.6 
shows the locations.,of buildings, wells, soil borings, and:-5umps. 

The primary cooling loop for the ORR, consisting of two parallel 24-in. pipelines, extends 
underground northeastward to the main circulating pumps in Building 3085. A third 
perforated pipeline has been installed in gravel backfill in the bottom of the pipe chase for 
the primary cooling loop. The lowest point of the pipe chase is at elevation 798.53 ft MSL 
in the ORR basement. The perforated pipeline collects groundwater, which then flows by 
gravity from the lowest point of the pipe chase to the ORR building sump. The ORR sump 
consists of two sumps, an inner (shallow) sump with a bottom elevation of approximately 
785 ft MSL and an outer (deep) sump with a bottom elevation of about 773 ft MSL. The 
groundwater collected in the pipeline in the primary cooling loop pipe chase goes to the outer 
(deep) sump where it is commingled with process waste from the ORR building and pumped 
to the process waste system. Average flow from the outer (deep) sump is approximately 
16 gal/min; however, the contribution of groundwater to this total flow is unknown. The inner 
(shallow) sump collects groundwater from foundation drains under the ORR building. This 
water is pumped from the sump to a storm drain for discharge to Fifth Creek. Six additional 
sumps are located along the pipe chase between the ORR and Building 3085. Groundwater 
collected in these sumps is pumped to the process waste system. 

Activities of gross alpha, gross beta, and tritium which were above reference levels have 
been detected in groundwater samples collected from 3042 Area wells (Table 6.11). The 
highest gross alpha activity (125 pCi/L) in 3042 area wells was found in the low base sample 

.. collected from interface well 596 in November 1991. Well 596 is located about 50 ft north of 
Building 3042. Alpha-emitting radionuclides detected above background in this sample 
included 241Am (20.4 pCi/L), nsn (2.9 pCi/L), ~ (2.7 pCi/L), 23un (3.9 pCi/L), and 238U 
(1.3 pCi/L). The highest gross beta level (552 pCi/L) was detected in the high base sample 

. from well 589 collected in May 1991. Beta-emitting radionuclides which were found above 
reference levels in this sample included total radioactive strontium (284 pCi/L) and 137es 

(67 pCi/L). Other beta-emitting radionuclides which were above background levels in samples 
from 3042 area wells were 226Ra, 228Ra, and 99J"c. The highest tritium activity in 3042 area 
wells (61,750 pCi/L) was in the low base sample collected from well 603 in November 1991. 

Higher levels of radiological contamination than were found in 3042 area wells were 
observed in the water sample. collected from the 3042 sump (30421) in August 1993 
(Table 6.11). The gross alpha activity was .23.2 pCi/L and the gross beta activity was 
4590 pCi/L in this sample. The bulk of the beta-emitting activity was accounted for by 137es 

(1863 pCi/L), 6OCo (1809 pCi/L), and 134es (864 pCi/L). 

These results differ from those reported by BNI (1992) by more than two orders of 
magnitude. The vast difference is believed to have been a result of sampling locations. On the 
basis of an interview with the technician who obtained the BNI (1992) sample, the source of 
the smaple was the outer (deep) sump, which is not representative of groundwater. However, 
written documentation of where the sample was taken does not exist. 
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Levels of gross alpha and gross beta ranging from below to slightly above reference levels 
were detec.ted in soil samples from boringsSB142 and SB257 in the 3042 area (Table 6.12) . 
The maximum tritium activity detected in these borings was from the 4-5.9-ft interval in 
SB257 (1.17 pCilg). 

Nonradiological contaminants deteCted above background levels in 3042 area wells 
included TCE, beryllium, cadmium, chromium, and lead (Table 6.13). The highest levels of 
beryllium and lead in the wells were detected in the sample collected from well 603 in 
November 1991. The highest concentrations of cadmium and chromium were found in the 
sample collected from well 589 in November 1990. The sample collected from the 3042 sump 
contained about five times the maximum concentration of lead found in 3042 area wells 
(2230 pg/L). 

Q 

;'.\> 
Beryllium, cadmium, chromium, and lead were detected in 3042 area soil borings. 

,~'. However, they were detected at levels below maximum reference concentrations. 

~:., 

:. Results of a dye test reported by Huff (1985) indicated that groundwater was flowing 
eastward, along geologic strike,to the ORR sump from the area of a LLLW line break 
between Building 3019 and Building 3074. A cavity in the limestone bedrock was observed 
in :the excavation for the line break. Fluorescein dye which had been injected into this cavity 
was observed in the inner (upper) ORR sump within 48 h. The injection point for the dye 
was at an elevation of about 820 ft MSL and the collection point for groundwater in the sump 
was at about 785 ft MSL Therefore, there was an hydraulic gradient from the injection point 
to the sump·of approximately 35 ft over a distance of 450 fL This gradient is produced by \ 
pumping of water which maintains a groundwater depression in the vicinity of tbe sump. i,. 

Therefore, radiological contamination detected in water samples from the ORR sump may 
be moving from the Building 3001/3019 area along cavities and solution features in Unit D. 
ContaminantS may also be collected in the sump from leaks in nearby underground lines. 

f, 

Actions for the ORR seek to determine the sources and migration pathways to the ORR 
sump. The inner (upper) 3042 sump will be sampled and isotopic analyses of the sample will 
be conducted to determine the radiological fingerprint of the sump sample. The isotopic 
composition of the contamination will be compared to isotopic analyses of samples collected 
in tbe 3019 area to determine if contaminants in the sump are derived from tbe Building 3019 
area . 

. Drilling of a bedrock wen immediately to the south of piezometer 588 will seek to obtain 
groundwater data between the ORR and the Building 3001/3019 area. Comparison of the 
analytical results with those from the ORR sump and wells in the Building 3001/3019 area will 
provide information about source areas and migration pathways. 

6.4.6 Surface Impoundments (3524, 3513, 3539, and 3540) 

The four inactive impoundments in this area were used for settling andlor emergency 
storage of LLL W waste and as settling basins as part of the process waste system. These 
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impoundments still contain water and sludges. Figure 6.7 shows the locations of the .• 
impoundments, piezometers, wells, and soil borings discussed in this section. 

The unlined waste detention basin (DB) 3513 was constructed in 1944. In some places 
the bottom of the basin is within 1 ft of limestone bedrock. During its operational life (1944 
to 1976) the DB received the supernatant outflow from the 5TF LLLW tanks; later, water 
treated in the original PWTP was held in the DB before being discharged to WOe. 
Nonradioiogical contaminants detected in water samples from the DB include chromium, lead, 
and selenium. Radiological contaminants detected in the water are 137es and 905r; 
nonradioJogical contaminants in sludge samples from the DB included mercury and, possibly, 
selenium. Radiological constituents detected in the sludge samples are 6OCo, 137es,90Sr, l S4Eu, 
238pu, 239pu, 241 Am, and 244Cm. 0 

The equalization basin (EB) 3524 was originally built in 1945 as two adjacent, unlined 
ponds for emergency storage of LLL W. In 1957 the earthen dike between the two ponds was 
removed to create a larger EB for the original PWfP. The basin was further enlarged in 1961 
to a final capacity of 1 million gal. Perimeter rock exposures and bedrock pinnacles are 
seasonably visible in the EB, and the expanded, western half of the basin shows clear evidence 
of simple cut-and-cover construction with an absence of a well-defined perimeter benn. It is 
thus very likely that excavation was to bedrock and that fassures and cavities allow for 
outleakage. The EB was removed from service in 1989, although it is still available for 
emergency overflows from the current process waste system. Analyses of sludge samples from 
the EB in 1984 found 137es, 9OSr, 24 lAm, 6Oeo, and 154Eu. voes detected in sediment • 

. samples and in samples of the water directly overlying the sludge in 1986 were benzene, .. 
chlorofonn, and methylene chloride. 

The process waste ponds 3539 and 3540 were constructed in 1964 with compacted clay 
liners as a surge basin system designed to receive and discharge process waste streams from 
the Building 4500 area. The ponds were removed from service in 1990. voes detected in 
samples of water directly overlying the sludge in these ponds were methylene chloride and 
chlorofonn. Sludge samples collected in 1986 contained slightly elevated levels of methylene 
chloride and 1,2-trans-DCE. Total radioactivity in the ponds has been estimated to be < 10 Ci. 

Table 6.14 is a summary of radiological contamination detected in groundwater samples 
from wells in the DB (3513) area. Gross alpha, gross beta, and tritium were detected above 
maximum background (reference) levels in wells 877, 1102, 1103, and 1104 in the DB area. 
The highest gross alpha (120 pCiJL) and gross beta (2200 pCi/L) activities in the DB area 
wells were detected in the samples collected from well 1102 in February 1991 during high 
base stonn conditions and in June 1992 during high base conditions respectively. The highest 
activities of manmade beta-emitting radionuclides in the DB area were 90Sr (1020 pCiJL) and 
228Ra (308 pCi/L) in the sample from well 1102 in February 1991. This well is located to the 
south of and hydraulically downgradient of the DB. The highest tritium activities were 
observed in samples collected from well 1104 in February 1991 during high base storm 
conditions (79,500 pCi/L) and in April 1991 during high base conditions (50,950 pCilL). This 
well is to the west of the DB and downgradient of the EB. 
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Radiological contamination detected in groundwater samples from EB (3524) area wells 
is summarized in Table 6.15. Elevated gross' alpha, gross beta, and tritium activities were 
detected in groundwater samples from these wells. The highest tritium activities in the 
Impoundments Area (827,670 pCi/L to 912,000 pCi/L) were detected in samples from the 
8751885 well pair, which is located directly south and hydraulically downgradient of the EB. 
Tritium activities in samples from other downgradient wells (874, 876, 1100, and 1101) ranged 
from 104,000 to 404,000 pCi/L, except for the sample from well 1100 in May 1991 
(2540 pCiJL). Tritium activities in the closest upgradient well (579) were two orders of 
magnitude lower than activities in the downgradient wells in samples collected in February 
1991 and April 1991 (7280 and 3330 pCi/L respectively). The highest gross alpha (74 and 
287 pCiJL) and gross beta (2710 and 5710 pCi/L) activities in the EB area were detected in 
the high base storm samples collected in February 1991 from wells 874 and 875 respectively. 
Isotopes contributing to the gross alpha activity in the February 1991 sample from well 875 
included ~U and ~. Manmade beta~emitting radionuclides which were detected in the 
F.~bruary 1991 sample from well 875 were 9OSr, 228Ra, and 147Pm. The data indicate that 
radiological contamination is most prevalent in shallow interface wells than in the bedrock 
well downgradient of the EB . 

. ~. A water sample collected from the temporary piezometer installed in SB189, located in 
a "process waste pipeline trench west of the EB, contained a gross beta activity' of 
34,000 pCi/L. Only a smal) portion of this beta activity was accounted for by gari;ma 
spectroscopy.'The activity found in this sample may be related to 63Ni contamination deteCted 
in soil samples from this boring . 

Gross alpha, gross beta, and tritium activities only slightly elevated above reference levels 
were detected in groundwater samples from wells in the area of the 3539/3540 impoundments 
(see Table 6.1,6). Tritium activities ranged from 1710 to 3020 pCiJL. except in the April 1991 
sample from well 882 (10,400 pCi/L). Gross alpha and gross beta activities showed little 
evidence of contamination in this area, ranging from below their respective MCLs to slig'htly", 
above reference levels. The elevated gross alpha and gross beta activities detected in well 877 . 
may have been due to contamination from the 3513 andlor 3524 areas. 

In general, significant radiological contamination was found downgradient (south) of the 
EB and DB and was not found in the 3539/3540 area. The highest levels of contamination 
occurred in samples conected during high base storm conditions. This contamination consisted 
primarily of high levels of tritium, moderately high levels of gross beta (predominantly 90Sr 
and 228Ra) and moderately low levels of gross alpha. 

Elevated levels of gross alpha, gross beta, and tritium were detected in soil borings in the . . 
DB and EB areas (see Tables 6.17 and 6.18). Principal alpha-emitting radionuclides detected 
were 234U, 23SU, and 238U; principal beta emitters were 137es, total radioactive strontium, and 
147Pm. Gross alpha and gross beta in 3539/3540 area borings were detected at levels below 
or near background (see Table 6.19)~ With the exception of gross alpha and gross beta in 
SB189, elevated levels of radiological contaminants in Impoundments Area soil borings are 
likely due to leakage from the impoundments or lines associated with the impoundments . 
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SB189 was completed as a temporary piezometer in a process system pipeline trench. Levels '. 
of gross beta in soil samples from this boring were On"e to two orders of magnitude higher 
than in other Impoundments Area borings. Nickel-63 accounted for most of the gross beta 
activity in SB189. This isotope was not detected in soil samples from any of the other borings 
in the Impoundments Area. The soil contamination found in SB189 may be the result of a 
leak in the process system pipeline near the boring. Alternatively, the contamination may be 
the result of outleakage from the EB or a leak in a pipeline in the Isotopes Area, the N1F, 
and/or the STF and migration of contaminants through permeable pipeline trench backfill 
materials. 

Nonradiological contaminants detected in Impoundments Area wells included TCE, 
1,2·DCE, vinyl chloride, cadmium, chromium, and lead (see Tables 6.20, 6.21, and 6.22). 
Metals (cadmium, chromium, and lead) were generally found at concentrations which were 
below maximum background andlor MCLs. VOCs (TCE, 1,2·DCE, and vinyl chloride) were 
detected at low levels which were slightly above their respective MCu. 

Nonradiological contaminants detected in soil included chromium and lead (see 
Table 6.23). These metals were present below or near maximum background concentrations 
and well below RCRA action levels. 

Seepage of contaminated water from the EB and DB impoundments is apparently a 
major source of tritium, §IOgr, and 22BRa contamination of groundwater in WAG 1. Video 
inspection of a 24-in. storm sewer to the west of the EB in December 1992 revealed . 
numerous inleaking joints, particularly in that portion of the storm sewer on the northwest 
side of the EB. All of the observed flow in the storm sewer was derived from inleakage which , 
is subsequently pumped back into the EB. Because most of the leaks were from the EB side 
(east) of the pipeline and a head potential exists from the EB to the pipeline, it is reasonable 
to assume that the pipeline in leakage is derived at least partly from seepage from the EB. 
Sampling of the inleaking water has not been performed. 

Radiological contaminants have been found in overburden, interface, and bedrock wells. 
Contaminants should move southward (downgradient in the overburden and down-dip in 
bedrock), eventually discharging to WOC. Contaminants may also be migrating in pipeline 
backfill materials. Given the relatively short half-life and slow transport velocity in' 
groundwater of 22BRa, it should undergo significant decay before it reaches WOe. Therefore, 
tritium and 90Sr are the primary contaminants which could reach wac and be transported 
off-WAG. 

The following actions will be performed in the Impoundments Area: 

• consideration will be given to determine the need for an interim, early action separate 
from this work plan to retard the migration of contaminants from the impoundments to 
groundwater. Discussions will begin during scoping meetings held to initiate the RIfFS 
process for the Surface Impoundments QU. Considered actions might include the 
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feasibility of installing a temporary liner or implementing other source control technology 
before_closure or accelerating the final.closure schedule where feasible; 

• sampling of groundwater twice yearly in wells 874, 875, 885, 876, and 1104 downgradient 
of the EB and wells 1102, 1103, and 1104 downgradient of the DB; these samples will 
be analyzed for gross alpha, gross beta, and tritium; 

• resampling of groundwater in the temporary piezometer in SB189; this sample will be 
analyzed for gross alpha, gross beta, tritium, and isotopics to confinn the observation of 
elevated gross beta activity in the December 1991 sample and to detennine whether 63Ni 
is present in the groundwater at this location. 

The impoundments will eventually be closed. After closure, monitoring of downgradient 
wells for gross alpha, gross beta, and tritium should continue during high base and high base 
storm conditions to determine the effects of closure on radiological contamination of 
groundwater and on discharge of contaminants to WOC. No monitoring of nonradiological 
contaminants is necessary because VOCs should volatilize within hours of entering woe and 
metals are present at levels below MCLs. 

6.4.7 Solid Waste Storage Areas 1 and 2 

Figures 6.8 and 6.9 show wells. piezometers, and soil borings in SWSAs 1 and 2 
respectively. Wastes were stored in these areas in the early to mid 19405. SWSA 1 received 
solid wastes. and SWSA 2 received both solid and liquid wastes. Some time after 1946, the 
wastes and contaminated soil were removed from SWSA 2 and transferred to SWSA 3, but 
some objects may remain in SWSA 2. Both areas are grassed. and SWSA 1 is fenced. 

In 1990 geophysical surveys were perfonned to investigate subsurface objects in SWSAs 
1 and 2. Five- areas with geophysical .anomalies were identified in SWSA 1. and seventeen 
were identified in SWSA 2. The nature of the objects is not known but could include portions 
of a waste transfer line in the case of SWSA 1 and storage tanks and vehicles in the case of· 
SWSA 2. The extent to which these remaining objects may contribute to groundwater 
contamination is not known. but much higher iron concentrations in downgradient piezometer 
622 (17,700 pgIL) than upgradient locations suggests the potential that buried objects are 
impacting the groundwater. 

Indicator radiological data from SWSAs 1 and 2 are given in Tables 6.24 and 6.25. For 
SWSA 1, the relatively complete historical data for many wells indicate generally stable 
contaminant concentrations over time and between high and low base groundwater conditions. 
Gross alpha and beta concentrations are generally below reference levels, and tritium values 
range between about 1000 and 2500 pCiIL The highest tritium concentrations in bedrock 
wells 828 and 947 suggest the possibility of flow paths below the water table surface. In 
addition, piezometer 571 contains several radionuclides (e.g .• 239pufAOpu, 228Ra), which could 
suggest westward migration of contaminants from SWSA 1. Nonradiological contamination 
is generally below to only slightly above MCLs and reference values . 

-" .. 
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SWSA 1 soils radiological data (not tabulated) are generally below or only slightly above • 
reference levels.;Jbe exception is SB63 which contained 2166 pCi/g gross beta from the 
O-1.8-ft sample. 239pufMlFu was also detected (below reference levels) from that location. 
The absence of similar contamination from nearby soil borings SB61 and SB62 indicates that 
SB63 contamination is very localized, and no major areas of soil contamination are present. 

Table 6.25 for SWSA 2 indicates that tritium contamination is prevalent throughout much 
of the area, with the highest concentrations within and southwest of SWSA 2-&uggesting 
southwestward migration. Slightly higher gross alpha and beta in the downgradient piezometer 
also suggest minor radiological migration. This is corroborated by the presence of radiological 
contamination in Fifth Creek outfall 165 that serves a small segment of a storm sewer from 
FIfth Street Because no other source for the outfall 165 contamination is apparent, it is 
presumed to be coming from discharging groundwater from SWSA 2. The data from adjacent 
bedrock wells 820 (about 20 ft deep) and 821 (about 80 ft deep) indicate that contamination 
decreases with depth. With the exception of iron in piezometer 622 above reference values, 
nonradiological contamination is at or below MCLs and reference sampling results. No soils 
data are available from SWSA 2. 

Monitoring will be performed in SWSAs 1 and 2. To augment reduced environmental 
. compliance monitoring of the WAG 1 water quality wells, wells 827, 828,829,946, and 947 
and piezometer 571 will be sampled in SWSA 1. Piezometer 622 and well 822 will be 
monitored in SWSA 2. Monitoring will be performed during high and low base conditions, 
and sampling coordination will be arranged with environmental compliance monitoring to • 
maximize efficiency. 

6.4.8 Pipelines 

Because pipelines, particularly process waste pipelines, are known to collect significant 
amounts of contaminated groundwater, available flow and radiological data from process 
waste manholes which are monitored monthly were analyzed. Figure 3.2 shows the locations 
of process waste manholes for which radiological data are available. The purpose of the 
analysis was to investigate possible relationships with groundwater elevation. A desCription 
of the results of Phase 1 RI temporary piezometer installation in pipeline trenches follows 
the description of the process waste manhole analysis. 

Performance of the process waste manhole analysis relied on monthly process waste flow 
and radiological data and underground tank level and dry well radiological data acquired and 
provided by ORNL Waste Management Division staff. Because these data are collected for 
purposes other than groundwater studies and may not represent a suitably high degree of 
accuracy, the absolute data values are emphasized less than apparent trends in the data. 
Irregularities in process waste production in facilities served by any manhole and periodic tank 
pumpage seriously complicates the analysis. 

Groundwater elevation data are those contained in BNI (1992), and piezometers were 
selected to be representative of both recharge and discharge locations. Precipitation data are • 
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from Walker Branch Stations RGI and RG3, and surface water stage data are for First Creek 
and Northwest Tributary -collected by the,,·Office of Environmental Compliance and 
Documentation. Thus, the data are from several unrelated programs and projects at ORNL. 

Because the data were collected at various frequencies, the analysis was conducted on 
summaries of the monthly frequencies. No attempt was made to validate the data beyond that 
conducted by the data custodians. The data generally cover the time period from 1985 
through 1992, but most of the data series are incomplete for the entire time period. When 
short data records correlated highly with longer data records, a surrogate was used to increase 
the data density. For example, some of the groundwater data from some piezometers 
correlated highly with stage data from creeks, and the use of the surrogate creek data greatly 
increased the number of groundwater data points available for analysis. 

;t.:. The analysis considered the dependence of several variables on an observation to 
i~: determine causal relationships. When plotted, dependence is observed as a diagonal, straight 

line' pattern to the data. An absence of such a straight line pattern indicates an absence of 
dependence. Total contaminant flux through the process waste pipeline system at any location 
was calculated by mUltiplying monthly manhole flow rate and radiological data. The principal 
objc:ctive of the analysis was to detennine if flow or contaminant flux through process waste 
manholes was related to either precipitation or groundwater elevation which would prQ~de 
some indication of' the interaction between the process waste pipeline system 'and 
groundwater~ Complicating the analysis is the variable generation of process waste liquids 
from user facilities around ORNL 

Efforts to relate tank levels to precipitation and groundwater elevations were generally 
unsuccessful. The typical pattern observed was a steady increase over time followed by a 
precipitous drop which is undoubtedly from pumping. 

With the exception of several potentially outlier data points, a relatively weak 
relationship between process waste pipeline flow and precipitation is apparent in MH229. No 
other manholes exhibited dependence. However, dependence between manhole contaminant 
flux and precipitation is apparent at PS1, MH149, MH229, and MH234. Dependence between, 
manhole contaminant flux and groundwater elevation is apparent at PSI, MH114, MH149, 
MH229, and MH234. That contaminant flux at MH114 is not dependent on precipitation is 
pmo!ilbly because the pipelines to that manhole are in Unit D where 'a lag between 
pJ'ecipitation and aquifer response is likely. 

Dependence between manhole contaminant flux and precipitation and/or groundwater 
elevation supports the concept that contaminant mobilization occurs principally during periods 
of elevated water table despite 'apparently lower concentrations due to dilution. It also 
suggests that contaminants residing in groundwater or in the vadose zone immediately above 
the water table are mobilized above the bedrock weathering interface in response to water 
table rise . 

~,;t 
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BNI (1992) reports the installation of nine temporary piezometers in pipeline trenches. 
Water level monitoring and sampling was performedibetween November 1991 and March 
1992. Estimated well depths and high and low base groundwater elevations indicate that only 
two (SB187 and SB208) of the nine piezometers (and trenches) are seasonally below or very 
near the water table elevation. However, monitoring data indicate that all but two of the 
piezometers (SB195 and SB197) contained water in at least one monitoring event during the 
monitoring period, and four piezometers contained water during each monitoring event. 
Because of the time period of monitoring, these conditions can be considered to generally 
represent high base conditions. 

Maximum radiological content data for the temporary piezometers indicate negligible to 
significant radiological contamination in all piezometers which contained water. 
Contamination in SB187, apparently located in a storm sewer, suggests the possibility of 
pipeline crossover or leakage from a process waste or LLL W line to the storm sewer system. 
Significant concentrations in SB132 are likely related to a process waste line leak in the area, 
and concentrations in SB189 could result from along-line migration or outleakage from the 
3524 EB. The general absence of radiologic contamination in soil borings near piezometers 
SB189 and SB197 suggests that along-line migration occurs. Hydraulic conductivity estimates 
in piezometers SB208 and SB224 of 3.71 x 10-4 and 1.24 x 10-4 cm/s are comparable to 
average hydraulic conductivity values for interface piezometers. Alternatively, generally 
uniform contaminant concentrations in soil borings in the vicinity of SB195 suggests more 
diffuse areal contamination. 

Compared to contaminant concentrations in, underground tank dry wells, the level of 
contamination in pipeline trenches is comparatively small. However, although tank dry wells 
tend to capture contaminated groundwater, pipeline trenches may tend to distribute 
contamination. 

The identification of 63Ni, an unusually occurring radioisotope, in several soil borings and 
temporary piezometers provides some qualitative insight into migration within pipeline 

, trenches. 63Ni was detected during the Phase 1 RI in samples from six soil borings and one 
piezometer in WAG 1. The highest activities of 63Ni were found in borings SB182 and SB183 
near Building 3515 and in temporary piezometer SB189 to the west of the EB (3524). Lower 
63Ni activities were found in SB194, located east of Building 3517; SB174, south of Building 
3503; and SB160, in Central Avenue southwest of Building 3038. 63Ni was also detected in 
a groundwater sample collected from piezometer 598, located in the Isotopes Area between 
Buildings 3026 and 3092. The 63Ni found in -the Isotopes Area may have originated in the 
Low Intensity Test Reactor, where it has been found in the core and in the heat exchangers. 
It may have migrated downhill in permeable pipeline backfill material. 

The 63Ni found in SB182 and SB183 near Building 3515 may be the result of past 
pipeline leaks in the area. Boring SB194 is located near a process waste pipeline which 
originates at Building 3515. The 63Ni found in this boring may have migrated from the 
Building 3515 area in the process waste pipeline trench. Boring SB174 is also located near 
a process waste pipeline. The process waste pipeline adjacent to temporary piezometer SB189 
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is connected to the process line originating at Building 3515 via MH117. Therefore, the 63Ni 
found in temporary piezometer SB189 may also have originated in the Building 3515 area and 
migrated to SB189 in pipeline trench backfill. Alternatively, the 63Ni found in SB189 could 
have resulted from leakage from the EB (3524). The 63Ni-found in SB174 may also have a 
source at Building 3515 as this boring is located near a process waste pipeline connected to 
the line from that building. Assuming that a potential source for the 63Ni found in most of 
the soil borings was derived from Building 3515 pipeline leaks, then migration along pipeline 
trenches would be measured in hundreds of feet and is to various parts of the pipeline system. 

To trace possible migration pathways for 63Ni in pipeline trench backfill, it would be 
Decessary to drill numerous borings in pipeline trenches and install temporary piezometers in 
these borings. Many of these borings would have to be performed in contaminated areas with 
potentially high risk of exposing workers to radiological contamination. Due to the many 
pi~lines which are located in the areas which would need to be investigated. identifying these 
migration pathways would be expensive both in terms of time and money. Therefore. such an 
mvestigation will not be conducted. 

With the exception of the limited data pertaining to contaminant migration in pipeline 
trenches within WAG 1, further resolving migration pathways within WAG 1 is considered 
to be an essentially hopeless endeavor. Pipeline routes and system interconnections are oply 
generally known, and the map atlas is over 10 years old. Rather than attempting to unr~vel 
WAG interior pathways, sampling of trench backfill near pipeline discharge locations at 
surface water bodies which either coincide with a WAG boundary or are within the WAG will 
be performed. Identifi~d ex~ursions can· then be traced back on a case-by-case basis via atlas 
infonnation andlor camera to locate the source. Decisions about the most appropriate 
remediation option can also then be made on a ca.se-by-case basis pending results of the 
investigation. In conjunction with the pipeline trench sampling. a seep and spring inventory 
and selective sampling program will be implemented. Because BNI (1992) reports such an 
investigation at First Creek related to the CH-8 plume investigations, the program need be 
implemented only at Fifth Creek and WOC. Because seep and spring data would be obscured. 
by PwrP discharges, seep and spring sampling in WOC downstream of the PwrP discharge 
would not be needed. 

6.4.9 lJoit F 

Because Stueber et a1. (1981) describe strike-parallel flow and contaminant transport in 
Unit F from SWSA 3, consideration is given to such flow in WAG 1. Three areas of 
contamination in or immediately outside of WAG 1 could describe strike-parallel flow related 
to Unit F. 

6.4.9.1 Piezometer 536 and WeD 810 

Table 6.26 contains water elevation and indicator radiological data for piezometers and 
wells potentially related to low levels of radiological contamination in piezometer 536 and 
well 810 (Fig. 6.10). NonradiologicaJ contamination is absent. Contaminant levels are within 
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to barely above background concentrations, but the data are of concern because the presence 
of contamination.in piezometer 536 and well 810 could··be interpreted to suggest possible 
migration along Unit F from WAG 1 and underflow of First Creek. No infonnation suggests 

. the possibility of a spill in the area to account for the contamination. 

The data in Table 6.26 indicate an absence of either a hydraulic or concentration 
gradient from piezometers or wells in WAG 1 toward piezometer 536 or well 810. Very close 
control on the elevation of First Creek in the vicinity of Unit F indicates a reverse hydraulic 
potential from the creek to well 810. These data essentially preclude WAG 1 as a source of 
contamination in piezometer 536 and well 810. Rather, hydraulic and concentration gradients 
do exist from piezometer 533 toward piezometer 536 and well 810 which indicates an 
eastward migrating plume. Because strike-parallel flow has been documented within Unit F 
in SWSA 3, the most logical explanation for the source of piezometer 536 and well 810 
contamination is from SWSA 3 where a hydraulic gradient exists. If this is the case, it suggests 
that the Northwest Tributary is an incomplete groundwater discharge surface water body and 
that First Creek is the ultimate discharge location for eastward migrating groundwater. 

The data indicate that contamination in piezometer 536 and well 810 is not derived from 
WAG 1 but from an eastward migrating plume with a possible source area in SWSA 3. In 
addition, a hydraulic potential beneath First Creek into WAG 1 does not exist. Therefore, 
contamination in piezometer 536 and well 810 is not a WAG 1 groundwater issue but a 
Bethel Valley Groundwater au issue and will be addressed by the Bethel Valley au. 
Because existing data are relatively complete to describe changes in water elevation and 
radiological contamination in piezometer 536 and well 810, no further monitoring or sampling 
will be perfonned as part of this RI. 

6.4.9.2 Building 2533 Sump Plume 

Table 6.27 contains indicator radiological data for piezometers and sumps which appears 
to describe another contaminant plume in the vicinity of Unit F (Fig. 6.10). The data indicate 
the presence of a plume originating in the vicinity of the Building 2533 sump and migrating 
in a southwesterly direction. The plume exhibits highly elevated concentrations of tritium and 
gross beta; nearly 75% of the gross beta activity in the Building 2533 sump is 137Cs. 

. The plume appears to tenninate in Unit F. Piezometer 567 to the south of Unit F in the 
apparent plume migration direction does not exhibit radiological contamination. Radiological 
contamination slightly above background levels in piezometer 541, about 650ft to the west 
in Unit F, could represent strike parallel migration since no other apparent source for that 
contamination (especially 137Cs) is in the area, but the data are insufficient to substantiate 

such migration. 

Soil boring radiological data (see Table 6.28) indicate nominally one order-of-magnitude 
elevated gross beta values over background for SB181. Because SB078 (near the apparent 
high concentration portion of the plume) does not exhibit similar elevated values, it is 
considered unlikely that the SB181 (located near or outside of the apparent eastern border 
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of the plume) contamination is related to the plume. The nature of the SB181 contamination 
is unknown, but the data show no relationship between the groundwater plume and soil 
contamination. 

Facility monitoring by Energy Systems personnel indicates no activities in Building 2533 
could serve as an ongoing source, but assumed intermittent sump pump operation is likely to 
be the cause of plume development. The recent identification ofa leak in a LLL W line north 
of the S1F which feeds the Building 2533 evaporator is considered to be a likely source. The 
pipeline has been leaking for an undetermined period of time, but leaks into and migration 
along the pipeline backfill material are possible. Both the Building 2533 sump water and soil 
surrounding the leak contain the beta emitters 155Eu, 154Eu, lS2Eu, ~Co, and 137es in 
considerable amounts. The alpha emitters 239124Opu, 238pu, and 244Cm present in the soil is 
apparently not present in the Building 2533 sump. Alternatively, the extremely' high 
contaminant concentrations suggest some relation to a former leak from a process waste 
pipeline in the area. The data are currently insufficient to confidently identify a source. 

'. After possible source areas are discussed with knowledgeable personnel, drive points can 
be installed along suspected pipelines in an attempt to identify a source. Pending results of 
those studies further source reduction measures can be considered. Semi-annual sampling of 
the sumps in Buildings 2533 and 2531 and piezometers 564,566, and 567 during high and low 
base conditions will be ongoing. Isotopic comparison between the Building 2533 sump" and 
soil samples around the LLL W pipeline leak will support source investigations along the 
pipeline trench. 

6.4.9.3 Core hole CH-9 

Sampling in two straddle packer test intervals in CH-9 (Fig. 6.10) revealed the presence 
of 137es (about 17 pCi/L) and tritium (about 18,000 to 30,000 pCi/L) and minor 
nonradiological contamination. One explanation for the contamination in core CH·9 is down· 
dip migration within Unit F. Such migration is potentially significant because, contrary to the 
current conceptual model of the flow field, it would indicate the presence of long deep flow 

. paths actively involved in contaminant migration. 

Table 6.29 contains radiological and VOC data and estimated head values from the two 
CH·9 straddle packer test intervals. Data from piezometers located up dip from the CH·9 
contaminated intervals are also included. 

The lower CH-9 contaminated interval (from about 314- to 327-ft depth) is within Unit F 
and has elevated tritium concentrations. The data from wel1886 (screened in Unit F) do not 
indicate contaminant migration from that location to depth. Temporal differences between 
the piezometer 565 and CH-9 contaminant data prohibit definitive comparisons; however, 
neither exhibit a head gradient to the CH-9 interval. Toluene and acetone are also absent 
from well 886. Data are not available from other nearby surface locations (e.g., south of the 
STF) to identify another source . 
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The upper CH-9 contaminated interval (about 126 to 138 ft deep) is within Unit G and 
would project to a/surface location about 10 m south df the 3524 EB. Insufficient data are 
available to describe the head potential from that area to the CH-9 upper contaminated 
interval. The generally upward head profile from CH-9 packer testing indicates water moves 
up the hole, and radiological contamination can be considered to be dispersed throughout the 
hole. 

As stated in Sect 3.3, flow meter testing in CH-9 by Moore and Young (1992) 
determined that water entered the hole in the vicinity of 338 ft depth and exited the hole at 
135 ft Geochemical sampling of the contaminated intervals indicates that the waters are of 
the sodium chloride type which has been interpreted to represent deep and older water (e.g., 
BN11992). Mixing between the time the hole was drilled and straddle packer tested may 
render these results subject to question for the. upper intervaL These data suggest that the 
upper interval contaminants are derived from the lower interval. The presence of significantly 
higher tritium concentrations in the upper interval, however, is inconsistent with that 
interpretation. 

Analysis of the data provides no reasonable explanation for the presence of contaminants 
at depth in CH-9. The absence of contamination in other packer tested intervals suggests that 
contaminants were not introduced to the hole by the straddle packer equipment. The data 
do indicate, however, that the open condition of CH-9 is serving as an artificial contaminant 
migration pathway. 

Because of the comparatively great depths to the contaminated intervals, contamination 
in CH-9 comes under the responsibility of the Groundwater OU and is not a WAG 1 
groundwater issue. However, the OU should consider CH-9 as a candidate for a Westbay 

. multiport sampling installation to prohibit continued mixing of contamination throughout the 
hole and to monitor changes in contaminant concentration overtime. 

No other locations in WAG 1 exhibit contamination in Unit F, but the available data 
suggest that Unit F may be at least a partial barrier to gradient-normal flow and a strike
parallel transmitter of contaminants. The data do not presently support the hypothesis that 
Unit F is a pathway for contaminant migration to depth. 

6.4.10 Localinxl Areas of Contamination 

6.4.10_1 WeD 830 

Grimsby (1986) describes the area near well 830 (Fig. 6.11) as an ILW line break in the 
early 19705 which resulted in leakage to WOC. The historic data in Table 6.30 show that 
tritium is by far the most prevalent contaminant. Nonradiological contaminant data for 
groundwater are not available. Soil samples in the area exhibit considerable gross beta 
contamination likely associated with pipeline leaks, but the soil samples do not exhibit the 
tritium contamination present in well 830. These data suggest that secondary contaminant 
sources are not present in the area. WOC sediment sampling radiological contamination at 
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CS-3 described in BNI (1992) cannot be attributed to the well 830 area because other 
upstream sources may be respoilsible for the 'Streambed contamination. 

No data exist to determine whether contamination from the vicinity of well 830 is seeping 
into WOe. Data are also insufficient· to determine. how contamination in well 830 has 
changed over time, but since nearly two tritium half-lives have expired since the reported 
pipeline leak, it can be presumed to be significantly reduced. 

Seep and spring sampling in the vicinity of well 830 will be performed to determine if 
contaminants are reaching the creek. If no contamination is found, and no information is 
uncovered to suggest an ongoing release, only continued monitoring of well 830 will be 
performed . 

. v 6.;4.10.2 Piezometer S84 
.1'; 

. Piezometer 584 (Fig. 6.11) is located at the intersection of Central Avenue and Fourth 
Street, south-southwest of Building 3026. Results of Close Support Laboratory analyses of a 
sample collected from this piezometer in December 1991 indicated the presence of significant 

':! radiological contamination (see Table 6.31). The highest gross alpha (6611 pCi/L) and gross 
beta·'(1.346,395 pCi/L) in WAG 1 groundwater were detected in this sample. This piezometer 
was resampled in April-1993; and the sample haS been submitted for laboratory analyses 'of 
gross alpha, gross beta, tritium, and isotopics . 

. Piezometer 584 is located Jlear several LLL W pipelines which run parallel to Central 
Avenue. A likely source of the contamination detected in this piezometer is historical leaks 
in these pipelines or in pipelines to the north associated with Building 3026. During recent 
construction of the new LLLW pipeline along Central Avenue, significant leakage of 137es 

into the process waste system is reported to have occurred near piezometer 584. . 

Pending results of laboratory analyses of the most recent sample, samples will be 
collected from piezometer 584 twice yearly during high base and high base storm conditions. 
These samples will be analyzed for gross alpha and gross beta. 

6.4.103 Piezometer 590 

Piezometer 590 (Fig. 6.11) is located north of Central Avenue, directly west of Building 
3026 and east of the site of the former Building 3024. Table 6.32 summarizes radiological 
contamination detected in a groundwater sample from piezometer 590 and soil samples from 
SB165 and SB241. The groundwater sample, collected during low base conditions in 
November 1991, contained elevated gross alpha and tritium activities and a high gross beta 
activity (5278 pCi/L). Soil samples from boring SB165, one of five borings performed to 
investigate reported leaks associated with Building 3026, contained elevated activities of gross 
beta and tritium. A relatively high gross beta activity (1084 pCi/g) was detected in the sample 
from the 4-5.5-ft interval in SB241. The purpose of this boring was to investigate possible soil 
contamination from a leak in tank WC-4 . 
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Possible sources of the radiological contamination found in piezometer 590 are leaks 
from Building 3026 and from tank WC-4. In additionteGrimsby (1986) reported numerous 
leaks and spills associated with the former Building 3024, located to the west of 'piezometer 
590. However, Building 3024 was in a nonradiological area, and the source is suspected to be 
former pipeline leaks. These releases may also be sources of the groundwater contamination 
in the area. 

Samples will be collected twice yearly from piezometer 590 durjng high base and high 
base storm conditions. These samples will be analyzed for gross alpha,gross beta, and tritium. 

6.4.10.4 Piemmeter S93 

Piezometer 593 (Fig. 6.11) is located to the south of Building 3525 along Fourth Street. 
Table 6.33 is a summary of radiological contamination found in a groundwater sample from 
piezometer 593 and in soil samples from borings south of Building 3525. Elevated gross alpha 
and gross beta activities (114 pCi/L and 128 pCi/L respectively) were observed in the high 
base sample collected from piezometer 593 in February 1991. Levels of gross alpha and gross 
beta in the borings were all below maximum reference levels. Grimsby (1986) reports that 
leaks have occurred in low-level waste lines discharging water into a ventilation duct which 
in tum feeds a sump located near Building 3525. These leaks may be a source of the 
contamination detected in piezometer 593. 

A sample will be collected from piezometer 593 once yearly during high base storm 
. conditions. This· sample will be analyzed for gross alpha and gross beta.· 

6.4.10.5 Core hole 7A 

Core hole 7A is located in the northwestempart of WAG 1 north of Building 2009, 
between Buildings 2026 and 2007 (see Fig. 6.11). It was drilled to a total depth of 184.6 ft 
BGS in Unit C of the Chickamauga Group in 1991. Chickamauga Unit D was encountered 
at 28 ft BGS and Unit C was penetrated at 147.6 ft BGS. 

Fractured intervals in Unit D which have been identified on geophysical logs of CH-7A 
occur at 49 to 51, 66 to 67, 72 to 73, 89 to 90, and ·162 to 163 ft BGS. Shifts in the 
temperature and differential temperature logs are noted in these intervals, with the most 
dramatic shifts occurring at 49 to 51 and 89 to 90 ft. These temperature shifts are inferred 
to show active groundwater flow in these fractured intervals. A 1-ft cavity was encountered 
while drilling at approximately 90 ft BGS. 

Packer tests, which included piezometric head measurements and hydraulic conductivity 
tests, were completed in six intervals in CH-7 A Piezometric heads and hydraulic 
conductivities for the packer test intervals are summarized in Table 6.34. In general, Unit D 
in CH-7A appears to be a zone of low piezometric head. The lowest head was observed in 
the interval from 84 to 91 ft BGS. This interval contains the I-ft cavity which was 
encountered at 90 ft and the fractured interval from 89 to 90 ft identified on geophysical logs . 
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The presence of a cavity. indications of active groundwater flow on temperature logs. 
detection of low levels-of contamination, and,t,he low head imply that this interval may include 
a significant groundwater discharge zone in Unit D. The relatively low hydraulic conductivity 
estimated for this interval (6.0 x lO-s cm/s) may not be accurate, and should be retested. The 
highest hydraulic conductivities in CH-7A, 10-2 and 10-3 cm/s, were observed in the 
124-131-ft and 117-124-ft intervals respectively. 

Groundwater samples were collected from two of the packer test intervals: 84 to 91 and 
70 to 77 ft BGS. Results of analyses of these samples for radiological and nonradiological 
parameters are shown in Table 6.35. Gross beta and tritium activities slightly above maximum 
reference levels were observed in the 84-91-ft interval. Gross alpha and gross beta activities 
elevated slightly above maximum reference levels were detected in the sample from 70 to 
77 flo Concentrations of VOCs (tetrachloroethene, TeE, chloroform, and tOluene) above 
maximum reference levels were also measured . 

.. ~'-. 

, "A Westbay multi-port system will be installed in this core hole in order to isolate multiple 
zones and characterize groundwater flow/contaminant migration pathways in Unit D. 
Measurements of piezometric head, aquifer tests to estimate hydraulic conductivities, and 
collection of samples for analyses of radiological and VOC contamination will be performed 
in the isolated zones. Packer intervals which should be constructed and reasons for isolating 
these intervals are as follows:" ,: 

• 45 to 55 ft BGS because this depth range contains the fractured zone with active 
groundwater flow at 49 to 51 ft BGS identified on geophysical logs; 

• 85 to 95 ft BGS because this zone includes the cavity encountered while drilling at 90 ft, -
the fractured interval with active groundwater flow detected at 89 to 90 ft BGS on 
geophysical logs, and the sample interval which exhibited low levels of radiological and 
VOC contamination; 

• 116 to 131 ft BGS because this range comprises the two packer test intervals which had 
the highest estimated hydraulic conductivity values in CH-7A 

6.4.10.6 Mercwy contamination of soil 

Four sites in the southeastern part of WAG 1 (Fig. 6.12) have been grouped into a 
Mercury Spill Soils OU: Building 4501, Building 4508, an area beneath the roadway just south 
of Building 3503, and an area immediately to the south of Building 3592. 

In 1954, ton quantities of mercury were used in Building 4501 for about 6 months to 
operate a small pilot plant for lithium separation (OREX process). During these operations, 
spills occurred that were cleaned up; but some mercury was able to escape through cracks in 
the concrete floor and contaminate soil under the building. Soil samples collected in 1983 
from locations around the building had mercury concentrations ranging from 0.05 to 465 ppm 
(ORNL 1990). In 1991, soil samples were collected from four soil borings which were 
advanced under Building 4501. Concentrations of mercury in these samples ranged up to 
12,600 ~g in the sample from 2 to 4 ft BGSin SB203. Elevated concentrations of mercury 
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Elevated concentrations of mercury ranging up to 16.7 I4fL were also detected in water 
samples collected Jcom four sumps in the building in 4990 .. Mercury was not detected in 
groundwater samples from downgradient piezometers (618, 623, and 626) or core hole CH-4. 
Therefore, it appears that groundwater contaminated with mercury from the Building 4501 
spills is being captured by the building sumps and treated in the PWTP. The sumps will be 
monitored twice yearly for mercury concentrations. 

Research activities in Building 4508 are reported to have used < 100 Ib of mercury; 
however, there have been no reports of spills (ORNL 1990). Mercury was not detected in soil 
samples from four soil borings around Building 4508, nor in a water sample collected from 
the building sump. A mercury concentration of 0.33 I4fL was detected in a groundwater 

. sample collected from well 824, located south of the building, in March 1991. This 
concentration is slightly above the maximum reference level of 0.20 ~, but well below the 
MCL of 2.0 ~ The source of the mercury found in well 824 mayor may not be soils under 
Buildings 4508 or 4501, and this well will be monitored twice yearly for mercury. 

During the 1950s and early 1960s, substantial quantities of mercury were used in Building 
3503 in the spent fuel reprocessing program known as PUREX. No infonnation is available 
on the amount of possible losses of mercury during these operations. Mercury concentrations 
reported from analyses of soil samples collected from various locations around Building 3503 
in 1983 ranged from 0.8 to 25 ppm (ORNL 1990). The contaminated soils are located just 
south of the building. A relatively low mercury concentration of 560 ~g was observed in 
the soil sample collected from the 4-6-ft depth interval in SB173. Mercury was not found in 
groundwater samples from piezometer 601 or wells 879 and 881. located hydraulically 
downgradient of Building 3503. Water is currently being pumped from tank sumps in the 
thorium tank fann south of Building 3503 and treated in the PWTP. Groundwater which may 
be contaminated with mercury in this area is probably being captured and treated by this 
system. In addition, relatively high activities of gross alpha (2839 pCi/g) and gross beta 
(2996 pCi/g) were found in the soil sample from 2 to 3.3 ft BGS in SB174. Because of the 
low levels of mercury found in soils, the presence of radiological contamination in the area, . 
and the likelihood that contaminated groundwater is being captured and treated in the 
PWTP, additional exploration or remedial activities for mercury contamination of soils in this 
area will not be performed. Samples collected from piezometer 601 as part of monitoring for 
radiological.contamination (see Sect. 6.4.10.9) should be analyzed for the presence of 
mercury. 

In 1956, work was carried out in Building 3592 in support of the lithium separation 
project in Building 4501 during which approximately 60,000 Ib of mercury were used. Accurate 
estimates of the amount of mercury lost during these operations are not available; however, 
operating personnel reported that about 2000 to 3000 lb were lost to spills and leaks. 
Analyses of soil samples taken from various locations around Building 3592 in 1983 showed 
mercury concentrations ranging from 4.1 to 320 ppm (ORNL 1990). Table 6.36 summarizes 
analyses of soil samples for mercury from SB175 and SB176. Concentrations of mercury 
exceeded the ReRA action level of 20,000 ~g in the 1-2-ft and 2-4-ft samples from 
SB175. Elemental mercury was visible in the soil from 2 to 3.25 ft BGS during sampling of 
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SB175. Concentrations of mercury observed in samples from SB176 did not exceed the RCRA 
action level. 

Actions that will be performed at this site include: 

• hand-augering of soil borings and collection of soil samples to ascertain the extent of 
mercury contamination of soils; 

• installation of a piezometer and collection of groundwater samples to determine whether 
groundwater in the area is contaminated with mercury; 

• if groundwater is contaminated with mercury, the contaminated soils will be hydraulically 
isoiated (e.g., by repaving the area) to prevent further movement of mercury from the 
soil into groundwater. 

: ~ Given the relatively small volume of contaminated soil, consideration should also be given 
~ . 

to~exCavating and disposing of mercury-contaminated soil south of Building 3592 in order to 
prevent future groundwater contamination. However, complicating factors may be the 
presence of a process waste pipeline and low levels of radiological contamination of soils in 
the potential excavation area (see Table 6.36). 

6.4.10.7 Piezometer 553 

Piezometer 553 (Fig. 6.11) is located near the southwest comer of the steam plant 
(Building 2519) adjacent to a diesel UST which has been removed since sampling. Table 6.37 

. is a summary of radiological and nqnradioiogical contaminants detected in groundwater 
samples from piezometer 553. Gross alpha, gross beta, and tritium activities which were 
elevated slightly above maximum reference levels were observed in groundwater samples from 
this well. The metals beryllium, cadmium, chromium, cobalt, nickel, silver, and vanadium were 
found in the low base sample at the highest concentrations in WAG 1 groundwater.,· A 
possible source of these metals is fallout from atmospheric emissions from coal combustion , 
at the steam plant The VOCs benzene, toluene, ethylbenzene, and xylenes (BTEX) were also 
observed at the highest concentrations in WAG 1. These aromatic VOCS may be evidence 
of a release from the nearby diesel UST. ' 

A groundwater sample will be collected during high and low base conditions from this 
well and analyzed for metals, BTEX, and total petroleum hydrocarbons. 

6.4.10.8 Area northwest of WAG 1 boundary 

This area comprises the northern 2000 part of the Laboratory (see Fig. 6.11). Elevated 
gross alpha, gross beta, and tritium activities were detected in low base and high base samples 
collected from wells in this area in 1990 and 1991 (Table 6.38). Alpha-emitting radionuclides 
detected above maximum reference levels were 22B/l3O!232nl and 234I238U; beta-emitting 
radionuclides obServed above maximum reference levels were 2261228Ra and total radioactive 
strontium. In general, activities of these radionuclides were higher in the high base samples 
than in the low base samples . 

000057 

~ 
,-! 

J 



6-51 

Nonradioiogical contaminants detected above maximum reference levels included 
beryllium, chromium, cobalt, copper, lead, mercury, nickel, silver, vanadium, TCE, and toluene 
(see Table 6.39). Metals detected above their respective MCLs were beryllium in wells 538, 
546, 549, and 572; chromium and lead in well 538; chromium and nickel in well 549; and lead 
in well 587. TCE was detected above its MeL of 5 1J.g/L in the well 546 high base sample. 

Samples will be collected from wells 538, 549, 572, and 547 during high base storm 
conditions and analyzed for radiological parameters, metals, and VOCs. 

6.4.10.9 Piezometer 601 

Piezometer 601 is located in the south-central portion of the WAG, about 50 ft south 
of Building 3537 (see Fig. 6.11). During drilling of the borehole for this piezometer, a 3-in. 
PVC underground pipeline originating in the TH-3 tank sump was broken, allowing 
radiologicaHy contaminated water to come to the surface. About 2 weeks after it was broken, 
the pipeline was repaired and contaminated soil was excavated and disposed of. 

Radiological contamination detected in groundwater samples collected from piezometer 
601 is summarized in Table 6.40. Gross alpha, gross beta, and tritium activities above 
maximum reference levels were detected in the low base sample; elevated gross alpha and 
gross beta activities were detected in the high base sample. This groundwater contamination 
may be due to the release of contaminated water from the broken pipeline or it may have a 
source elsewhere in WAG 1. A groundwater sample will be collected twice yearly from this 

. piezometer and analyzed for gross alpha, gross beta, tritium, and mercury (see Sect. 6.4.10.6). 

6.4.11 Tracers 

One anticipated byproduct of the additional data obtained as part of this work plan is 
further definition of areas of contamination and better insight into groundwater flow paths, 
especiaHy in cavitose Unit D but also in other locations. These flow paths could be major 
transmitters of contamination over wide areas in WAG 1. If the data provide the anticipated 
insight, it is feasible that dye tracing may be performed to further define areas of 
contamination, describe flow paths, identify source areas, and distinguish between suspected 
commingling plumes. In addition to a description of flow pathways, dye tracing data could 
provide estimates of flow velocity and contaminant flux. At present, tracers are anticipated 
to be dyes, but decisions about the choice of tracers will be made in conjunction with 
decisions to perform the testes). Dye tracing may also be performed in other locations in 
WAG 1 (e.g., the impoundments ,or tank farms) to support remediation option .selection 
decision making and reduce uncertainty. 

6.5 MONITORING 

This section describes the monitoring and sampling program that will be performed at 
existing wells,.piezometers, and core holes to more fully understand the nature and extent of 
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1. PURPOSE 

This action memorandum documents approval for a Comprehensive Environmental 

Response. Compensation. and Liability Act of 1980 (CERCLA) non-time-critical removal action. 

The action is being taken to reduce the release of 90Sr into First Creek from the Oak Ridge 

National Laboratory (ORNL) Waste Area Grouping (VI AG) 1 Corehole 8 Plume. as measured 

at White Oak Dam. 

2. SITE CONDITION AND BACKGROUND 

'" 

2.1: SITE DESCRIPTION 

2.1.1 Physical Location 

ORNL is located on the U.S. Department of Energy (DOE) Oak Ridge Reservation (ORR) 

in East Tennessee at the Anderson and Roane County lines. approximately 24 kIn (15 miles) west 

of Knoxville, Tennessee. and 16 kIn (10 miles) southwest of the city of Oak Ridge (Fig. 1). 

ORNL consists of buildings and operation areas which are restricted to public access 

except for designated public access and visitors areas. The ORNL main plant is set apart by a 

security fence that surrounds the buildings and adjacent land. A portion of ORNL. generally in 

the western end of the main plant area, but extending beyond the security fence in the west .~nd 

southwest directions. is designated as WAG 1. The western boundary of WAG 1 approximates 

the stream bed for First Creek. It begins near the western entrance into the ORNL main plant 

at Central Avenue (Ponal 3) to the confluence of First Creek with White Oak Creek (Fig. 2). 

The headwaters of First Creek. a tributary to White Oak Creek. originate within ORR. 

First Creek flows southward and parallel with the western ORNL security fence. Potential 

contaminants entering First Creek would flow into White Oak Creek and then across White Oak 

Dam to the Clinch River. White Oak Dam was constructed across White Oak Creek and is 

located adjacent to where State Highway 95 crosses White Oak Creek (Fig. 1). 

Bounding ORNL-managed areas south and southwest. of the main plant is the Clinch 

River. Across the river from ORNL is private rural land used primarily for farming. Areas 

within ORR not occupied by the ORNL main plant and the two other DOE facilities have been 

declared a wildlife management area by DOE and the Tennessee Wildlife Resources Agency. 
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• WAG 1. White Oak Creek. and White Oak Lake lie within the restricted areas of ORNL. 

thus restricting public access to the potentially contaminated areas. All but the contaminant,free 

headwaters of First Creek are within the reStricted area surrounding the main plant. 

2.1.2 Removal Site Evaluation 

The WAG 2 remedial investigation of White Oak Creek surface water contaminant source 

areas identified First Creek as a contributor of approximately 10 percent of the 90Sr being 

transported by White Oak Creek to White Oak Dam. Results from 1991 sampling activities in 

First Creek indicated that almost all of the 90Sr detected in First Creek emerges in the area of 

Outfalls 341 and 342. Using the 1991 sampling results, along with results from sampling 

activities in July 1994, influxes of contaminated groundwater into the storm sewers associated 

with these two First Creek outfalls were identified. The 9OSr-contaminated groundwater 

originates from a plume in an area north of the storm sewers. A break in a portion of the stOrm 

sewers that extends into the area of the plume will permit contaminated groundwater into the 

stOrm sewers and into First Creek via Outfalls 341 and 342. 

A video camera examination of the storm sewer pipes in the system associated with Outfall 

342 located an influx of groundwater. The influx was observed near the intersection uf pipes 

from the two storm water inlets. No other significant influx. of water into the storm sewer was 

observed; there was a small trickle of water in the storm sewer flowing from the north branch. 

The flow rate for the contaminated groundwater was measured during the July 19. 1994. 

sampling. Contaminated groundwater flowing from the storm sewer pipe where influx was 

observed (sampling location SW 30) was measured at 11 Llmin (3 gal/min). Outfall 342 (SW 

28) had similar flow rates. The reported concentration of gross beta during the July 1994 

sampling in the storm sewer and at Outfall 342 was between 7,100 and 8,000 pCi/L (Table I). 

Contaminated groundwater influx into the storm sewer associated with Outfall 341 occurs 

in two stormwater inlets north of Building 2013. The contaminated groundwater influx into the 

sto'rmwater inlet located immediately outside the north exiting door in the west end of Building 

2013 (SW 24) was estimated July 5-:-6. 1994, as approx.imately 23 Llmin (6 gal/min). In the 

stormwater inlet approximately 8 m (26 ft) southeast of the same north e~iting door from the west 

end of Building 2013, the contaminated groundwater influx was estimated at about 4 Llmin (1 

gal/min). The concentration of gross beta in the groundwater influx at these locations has been 

measured as being between 7,290 and 9,200 pCi/L (Table 1). 
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Table I. Summary of gross bela nux eslimales for WAG 1 Corcholc 8 Plulllc al ORNL, Oak Rid~e, Tcnncssee 

<=> 
o 
o 
<=> 
0') 

~ 

;. 

til 

z 

~ 
[ 
." 
~ 

Scep SE or SW 27 1,458 NS NS NS 
Manhole NE of SW 33 270 NS NS NS 
Calel) Basin NE of SW 38 270 NS NS NS 
Calch Basin NE of SW 24 14.3 NS NS NS 
Calch Basin SE or SW 24 7,830 NS NS NS 
SW 24 7,290 23 9,200 9 
SW 25 NS 23 9,200 . 9 
SW 26 NS <0.4 330 <0.01 
SW 27 NS 0.4 7,700 0.1 
SW 28 2,700 76 7,100 23 
SW 29 7,020 133 8,300 48 
SW 30 NS 15 8,000 5 
SW 31 NS 90 540 2 
SW 32 NS < 0.4 380 <0.01 
SW 33 8,370 23 3,800 4 
SW 34 64.8 38 9,200 15 
SW 35 NS 95 250 I 
SW 36 3.8 53 150 0.3 
SW 37 267.3 2.6 1,000 0.1 
SW 38 NS 0.08 900 0.003 
SW 39 NS NS NS NS 
SW 40 NS NS NS NS 
SW 41 NS NS NS NS 
SW 42 NS NS NS NS 
SW 43 NS NS NS NS 

"Discharge rates were not determined during 1991, so nUl( estimates are not availahle. 
~Value represents the highest activity rrom each location, regardless ir filtered, unfiltered, or duplicate. 
'Calculations are based on 30 days per munth. 

L = liter 
mCi = millicurie 
min = minute 
NE = northeast 
NS = lint sampled 

s,p'- '!~"§""~'.' .. ..! 

ORNL = Oak Ridge National Laboratory 
pCi = pic(Jcurie 
SE = southeast 
WAG = Waste Area Grouping 

NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
15 7,600 

NS NS 
NS NS 
NS NS 
II 7,300 

129 4,300 
II 7,800 

NS NS 
NS NS 
151 6,600 
27 8,700 
53 NS 
NS NS 
NS NS 
NS NS 

8 250 
42 240 
0.3 320 

1,469 590 
848 570 

• 

NS 
NS 
NS 
NS 
NS 
5 
NS 
NS 
NS 
4 

24 
4 
NS 
NS 

43 
10 
NS 
NS 
NS 
NS 
0.1 
0.4 
O.!)()4 

37 
21 
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• 2.1.3 Site Characteristics 

Monitoring Wells 539 and 812. located approximately 40 m (132 ft) north of Central 

Avenue n~ar the west security fence (Fig. 2). are screened below the weathered bedrock surface. 

Groundwater samples from these wells have consistently shown 90Sr levels of 4.000-8.000 pCifL. 

The 90Sr contamination detected at these wells and the contamination detected in the stonn sewer 

groundwater influx indicate the presence of a ground\yater plume. However. because of the lack 

of pertinent data. characterization and source location of the suspected \IOSr plume in the 

groundwater between the wells and the stonn sewers is not possible at this time. Conceptually 

the source of this 90Sr plume has been projected to be about 10 m (33 ft) north of Corehole 8. 

Projections from geological and hydrogeologic understanding of the site indicate contaminated 

water moves downgradient along strike in a westerly direction toward First Creek. Support for 

this hypothesis is based on the detection of 585,495 pCi of 90Sr in groundwater at a depth of 

approximately 15 m (50 ft) during the installation of Corehole 8 in 1991. The contaminated 

groundwater in the straTUm is thought to move up dip to the top of bedrock surface. Monitoring 

Wells 539 and 812, located down strike of the strarum transporting the 9OS r, may be some of the 

receptor points for the 9OSr-contaminated groundwater. For this reason, the groundwater plume 

located approximately 35-50 m (115-165 ft) north of Central Avenue and between First Street 

and Second Street, and possibly as far east as Third Street, has been named the Corehole 8 

Plume. 

The probable source of contaminated groundwater influx into the stonn sewers associated 

with Outfalls 341 and 342 is the Corehole 8 Plume. Reaches of the tWO storm sewer systems 

associated with Outfalls 341 and 342 extend into areas where the contaminated groundwater 

associated with the Corehole 8 Plume may come in contact with stonnwater inlets, manholes. and 

storm sewer pipes. Where an inlet, manhole, and/or pipe is not watertight, contaminated 

groundwater ent~rs the stonn sewer. Based on 9 months of observation. influx of contaminated 

groundwater into the storm sewers is continuous. 

2.1.4 Release or Threatened Release of Contaminants 

The primary contaminant of concern released into First Creek and detected at White Oak 

Dam is 9OSr , a CERCLA hazardous substance. Monthly sampling results from the First Creek 

Gauging Station indicated the 90Sr flux ranges from a low of 5.7 mCi/month to a high of 52 

mCi/month. The results extrapolated from the July 19, 1994, First Creek and storm sewers 

sampling indicate a 90Sr flux of 21 mCilmonth. which is consistent with the monthly sampling 

results. Data from the WAG 2 remedial investigations indicate that First Creek contributes 

approximately 10 percent of the total 90Sr flux detected at White Oak Dam. 
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5. 'PROPOSED ACTION AND ESTIMATED COSTS 

The action to intercept and remove 9JSr-contaminated groundwater from the stOnn sewers 

associated with Outfalls 341 and 342 will reduce the 9JSr-contaminated water reaching Firs! Creek 

by an estimated 20-50 percent. First Creek contributes approximately 10 percent of the ~Sr 

detected in the water at White Oak Dam. The reduction of 9JSr in the storm sewers will 

correspondingly reduce the amount of 9JSr detected at White Oak Dam by an estimated 2-5 

percent. This action will reduce the risk to human health. welfare. and the environment until 

additional andlor permanent actions to eliminate the source of contaminants are taken. 

5.1 PROPOSED ACTION 

Three alternatives were identified to reduce the amount of 9JSr reaching First Creek via 

the storm sewers associated with Outfalls 341 and 342 (Jacobs 1994). Alternative 1 planned to 

stop 'lOSr-contaminated groundwater from entering First Creek by lining the storm sewers am' 

making them watertight. thus keeping contamination out of the storm sewers and eliminating th< 

pathway between the Corehole 8 Plume and First Creek. Alternative 2 planned 10 collect all th. 

water. stormwater. and contaminated groundwater in the two storm sewer systems. thu 

eliminating the storm sewers as a pathway to the creek for all collected water. Alternative 3 wa 

selected to intercept contaminated groundwater as it enters the storm sev.:ers from the Coreho! 

8 Plume and prevent it from entering First Creek. 

Alternative 3 proposes to use the Process Waste Treatment Plant (PWTP) for removal of 

the 9JSr contamination from the water collected from the storm sewers by this action. The PWTP 

removes low concentrations of radionuc1ides. including 'lOSr. to concentrations in the effluence 

to less than 20 Bq/L . The discharge requirements for the PWTP effluent meet DOE Order 

5400.5 requirements. The effectiveness of'the PWTP in removing 'lOS~ from water collected by 

the Corehole 8 Removal Action is greater than 90 percent. The selection of PWTP was made 

because of its effectiveness and its availability and cost. Treatment of the contaminated 

groundwater collected by this removal action will not be charged against the costs of this project. 

This is reflected in the proposed costs presented in Appendix A and Section 7.3 of the EE/CA 

(Jacobs 1994). The EE/CA stated that the National Pollutant Discharge Elimination System 

(NPDES) permit is for the PWTP: however I the permit is actually for the Nonradiological 

Wastewater Treatment Plant (NRWTP) which receives and treats the discharge from the PWTP. 
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Regardless of whether or not the Corehole Splumeis entering the storm sewer system. it is a 

known pathway of contaminants in WAG 1 groundwater. The concerns with the Corehole 8 

plume should be addressed as quickly as possible either through this removal action or the 

WAG 1 Groundwater Program. 

Response: 

Section 4.4.3 refers to sampling necessary for evaluating the placement of a French drain 

somewhere in the Corehole 8 Plume area. Initial action to intercept contaminated groundwater 

from entering the First Creek via the stOrm sewers will begin during the first quarter of FY 1995. 

as documented in this Action Memorandum, and should begin operation during the second quarter 

FY 1995. Monitoring the effectiveness of the initial action will take place during the third 

quarter of FY 1995. Sampling in the Corehole 8 Plume will occur in the third quarter of FY 

1995, if it is deemed necessary. The only reason for sampling in the Corehole 8 Plume area is 

to collect data to determine the effectiveness, implementability, and cost of installing a French 

drain. If the initial action. as presented in this Action Memorandum, is sufficient. and no follow

up action is necessary. sampling in the Corehole 8 Plume will not be necessary because the 

purpose of the removal action will have been accomplished. 

11. REFERENCES 

Jacobs (Jacobs Environmental Restoration Team). 1994. Engineering Evaluation/Cost Analysis 

for the Waste Area Grouping 1 Corehole 8 Plume Removal Action at the Oak Ridge. 

Nat/onallAboratory. Oak Ridge. Tennessee (DOE/OR/02-1303&D2). 
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5. CONTAMINANT FATE AND TRANSPORT 

This section describes the analysis of fate and transport of contaminants in WAG 1; the 
analysis, essentially qualitative, is not directed at determining exposure point contaminant 
concentrations. Calculations in this section are not calibrated to specific sources or receptors .. 
The purpose of this section is to provide general information on the fate and transport process 
at WAG I, which will form the basis for more detailed, operable unit-specific evaluations 
to be completed during future investigations. Fate and transport are addressed for all 
environmental media except air, which was not assessed as part of this investigation. Fate 
and transport of contaminants via the food chain is also not addressed. 

Fate and transport of a contaminant in an environmental medium are governed by the 
physical, chemical, and biological characteristics of the contaminant and the environmental 
medium with which it interacts. In addition, transport is governed by environmental factors 
including meteorology, hydrology, and geology. 

Analysis of the fate and transport of contaminants requires consideration of 
transformation, transport, and speciation processes. This section considers these processes 
generally, using both literature-based and site-specific data. For example. the effect of 
speciation processes on the mobility of metals and radionuclides is addressed through 
distribution coefficients having values based on the physical and chemical characteristics of 
the contaminated media. Similarly. biochemical transformation processes. which are 
especially important for organics. are. complex and site-specific; any description of 
biotransformation processes is generalized for the WAG 1 site. Transformation of 
radionuclides through radioactive decay is generally well understood. Phase I of the RI did 
not include numerical modeling of groundwater fiow and contaminant transport in WAG 1. 

Section 5.1 describes the relevant physical, chemical, and biological characteristics of 
the contaminants and the environmental media. Section 5.2 uses information on the physical 
characteristics of WAG 1 (given in Sect. 3) to develop a site conceptual model for the 
analysis of fate and transport. Section 5.3 integrates information on the physical 
characteristics of WAG 1 with the information on the nature and extent of contamination 
described in Sect. 4 to perform the fate and transport analysis within the conceptual 
fr~ework developed in Sect. 5.2. 

5.1 CHARACfERISTICS OF CONTAMINANTS AND ENVIRONMENTAL MEDIA 

5.1.1 Contaminants 

WAG 1 is a mixed-waste site with both radiological and chemical contaminants present 
in the various media; however, radiological contamination is dominant . 
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5.1.1.1 Radiological contaminants 

Radiological contaminants of potential concern for WAG 1 are listed with their half-lives 
in Table 5 .1.1. The list includes fission and activation products and daughter products of the . 
plutonium-241, uranium-238, and thorium-232 series. 

The properties of radionuclides most relevant to their fate and transport are their half
lives and their mobility in water. Half-lives are radionuclide-sp~cific and can be obtained 
from literature. The mobility of radionuclides is influenced by such site-specific factors as 
the particular chemical form of the radionuclide, the geochemistry of the waters in which the 
radionuclide is transported, and the mineralogic composition and texture of the solid medium 
with which the transporting water comes in contact. These factors are incorporated into the . 
distribution coefficient (K.!), which is a bulk measure of the mobility of the solute. A high 
distribution coefficient indicates low mobility, and a low distribution coefficient indicates high 
mobility. The two most important parameters that influence the distribution coefficient are 
the soil/rock type and the pH of the transporting water. 

Table 5.1.2 lists distribution coefficients of radionuclides. Values for cesium, cobalt, 
radium, strontium, and technetium in soils are based on laboratory measurements for soil 
samples from three WAG 1 soil borings. Section A.5 of Appendix A describes the locations 
and the methodologies used to derive the estimates .. Typical values not specific to WAG 1 
are also listed for various soil and rock types. The large variation in Kd values illustrates the 
sensitivity of the values to local site characteristics, including pH and soil type. For 
example, the values for cesium in soil at WAG 1 range from 330 to 1429. These variations 
introduce a high degree of uncertainty to estimates of subsurface contaminant transport 
velocities in addition to uncertainties associated with the complex hydrogeology of the site. 

5.1.1.2 Metals 

Metals of potential concern found in WAG 1 are listed in Table 5.1.3, as are typical 
distribution coefficients. Mobility and sorption of metals in groundwater depend on the 
aqueous and solid matrix chemistry in a very complex manner. Heavy metals such as 
mercury are generally strongly retained by the soil material. so leaching is often negligible. 
As mentioned earlier, mobility and sorption characteristics of metals are expressed here in 
terms of distribution coefficients. 

5.1.1.3 Organic contaminants 

Table 5.1.4 lists organic contaminants of potential concern found in WAG 1 and five 
chemical properties of each that are important for fate and transport: water solubility, vapor 
pressure, Henry's law constant. organic carbon partition coefficient (KoJ. and persistence in 
various media. The first eight organics Hsted, all BNAEs, are distinguished by their low 
water solubility and high K.,.,; they tend to remain fixed in soils. The last 11 organics in the 
table are all volatiles distinguished by their high solubility in water and relatively low K.x; 
these have been detected in some groundwater and surface water samples (see Sect. 4). 

R:IWAG1.5CS'.SEC'TS.WGI 000077 



o o o o -..
J 

0
)
 

" 
.4

..
 

• 



• 

• 

• 

5-3 

Organics biodegrade to varying degrees both in soil and water in the presence of certain 
microbial populations. Abiotic transformations caused by hydrolysis and photolysis can also 
be important, and transformed products are often more mobile and toxic than their parent 
materials. A notable example of an organic found in groundwater of WAG 1 that 
biodegrades to more toxic products is trichloroethylene (TCE); the microbial degradation 
chain of TCE is depicted in Fig. 5.1.1. 

5.1.2 Environmental Media 

A typical pathway of a contaminant from its source to an exposure point involves one 
or more of the following media: vadose zone (soil/saprolite), groundwater. surface water, 
and sediments. Characteristics of these media are detailed in Sect. 3. Characteristics 
relevant to contaminant fate and transport are summarized in this section. 

5.1.2.1 Vadose zone 

South of Central Avenue, the vadose zone is generally within the regolith, but north of 
Central Avenue, it includes weathered and fresh rock. The thickness of the vadose zone 
decreases from topographic highs to topographic lows at groundwater discharge areas. The 
vadose zone thickness in WAG 1 ranges from 0 to approximately 60 ft. At any vertical 
section it varies with water table fluctuations, which are more than 13 ft in the northern 
(recharge) portion of the WAG . 

The physical properties of the vadose zone that influence the movement of water are 
saturated hydraulic conductivity; total and effective porosities; moisture content; and 
characteristic curves relating hydraulic conductivity and moisture content to the pressure 
head. Transport of particle-reactive contaminants is influenced by pH, cation exchange 
capacity. and total organic content of the vadose zone medium. While most of these 
parameters were not measured specifically for WAG 1 during this phase· of the RI, 
approximate values can be assigned on the basis of the soil type and properties and the results 
of previous investigations conducted in and around ORNL. 

The total porosity of the vadose zone is probably in the range of 0.3-0.7, typical of 
clay-.rich soils (Freeze and Cherry 1979). The effective porosity. however. may be 
considerably less, on the order of 10.2 to 1()'3 (Moore 1989; Solomon et al. 1989). Saturated 
hydraulic conductivity is probably on the order of H)'2 to 10"' m/day (Moore 1989). 

WAG 1 soils are generally strongly leached, often acidic, and low in organic content. 
TOC is probably on the order of 0.01-0.1 %. and the CEC is between 10 and SO meq/100 
g of soil (see Sect. 3.2). The pH is in the 4.5-8.2 range (Boegly et al. 1981). The higher 
pH is associated with Gladeville clay series. one of the two principal clay series found in the 
ORNL complex. Collegedale, the other principal clay series, has pH ranging from 4.5 to 
5.5. 

Significant portions of the vadose zone have been excavated and backfilled occasionally 
in connection with construction activities. Materials used in the backfill and their degree of 
compaction generally differ from the native soil and can alter the flow characteristics of the 
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disturbed zone. Hydrologic properties of the vadose zone reported by Moore (1989) are 
applicable to the entire ORR, including undisturbed areas. Values within WAG 1 may vary 
from these estimates. However, in preliminary tests in the pipeline trench backfills, 
hydraulic conductivity was not found to be significantly different from the native soil (see 
Sect. 3.3). 

5.1.2.2 Groundwater 

Groundwater flow in WAG 1 occurs in two distinct hydrogeologic regions. The upper 
region is in the regolith, where flow directions are controlled by hydraulic gradients; this 
is also the region where man-made influences are the most pronounced. The lower region 
is in the fractured bedrock. where flow directions are chiefly controlled by the geologic 
structure of the rock. Much of this flow tends to be along fractures (see Sect. 3.3.4). 

Geochemically. an upper flow region that includes both regolith and fractured bedrock 
is characterized by waters rich in calcium bicarbonate. This is underlain by a transition zone 
characterized by waters rich in sodium bicarbonate. A deeper third region is characterized 
by waters rich in sodium chloride without circulation. The combined thickness of the upper 
two regions, where there is groundwater circulation. is approximately 150 ft. Limited head 
data from coreholes in recharge areas suggest that local groundwater recharge affects only 
the upper 50 ft of the saturated aquifer (see Sect. 3.3). 

The groundwater flow regime in WAG 1 is controlled by the presence of three discharge 
boundaries-First Creek to the west, Fifth Creek to the east, and wac to the south-as well 
as a recharge area to the north. It is believed that most of the flowing groundwater ends up 
in one of the three creeks. It is possible that some groundwater may remain strata-bound and 
flow under the creek beds. However, based on evidence available to date, it is assumed that 
all groundwater discharges into the wac drainage system. 

Groundwater flow is governed by the saturated hydraulic conductivity, direction and 
magnitude of the hydraulic gradient, orientation of fracture zone or solution features, and 
effective porosity. Mobility of particle-reactive contaminants in groundwater is influenced 
by aqueous and solid-matrix chemistry. As discussed in Sects. 5.1.1.1 and 5.1.1.2, sorption 
and mobility characteristics of metals and radionuelides are expressed in terms of distribution 
coefficients. Transport is also influenced by the bulk density of the solid matrix and total 
and effective porosities (or primary and secondary porosities for fractured rocks). 

Saturated hydraulic conductivity. Measurements of hydraulic conductivity in the 
various mappable units of the shallow bedrock revealed considerable variation, though an 
overall trend of decreasing conductivities with depth could be discerned (see Sect. 3). On 
average, there is little difference between the hydraulic conductivity of the overburden 
material and that of the bedrock aquifer. The mean hydraulic conductivity for overburden 
and bedrock is about 4 x lQ-4 em/s. 

Hydraulic gradients. Horizontal hydraulic gradients in the overburden shallow bedrock 
as estimated from water table contour maps. range from about 0.01 to 0.1. Vertical hydraulic 
gradients, based on head measurements in the coreholes, are generally steeper and upward; 

R,\WAClI scs\sECT$.WClI 000081 



o o o o C
O

 
f'.

.)
 

• 
• 

•• 



... 

• 

• 

5-5 

gradients are downward in the recharge areas .. The. steepest vertical hydraulic gradient 
(approximately 0.15 upward) was observed in CHOO!. 

Total and effective porosities. No measurements of total and effective porosities have 
been made for the WAG 1 aquifer. In fractured rock, storativity is commonly assumed to 
be equal to effective porosity (Moore 1988). Moore (1988) estimates a mean effective 
porosity of 0.0025 for the shallow aquifer in the ORNL area. Solomon et ale (1989), 
however. have used a value of 1.8% for effective porosity. The total porosity would be 
much higher, probably between 0.3 and 0.5. 

5.1.2.3 Surface water and sediments 

The physical properties of surface water relevant to fate and transport are flow discharge 
and velocities, lateral and vertical extent of flow, and the amount of suspended sediment 
present. Lateral and vertical extent of flow are important factors for large streams where 
mixing of contaminants can be confined to a portion of the total flow cross section. WAG 1 
streams are small, however, and total mixing of contaminants in the entire flow cross section 
can be reasonably assumed. 

Flows in First Creek are generally less than 1 cfs at gauging station SW -7 and only 
about 0.1 cfs when the groundwater is low (see Sect. 3.4). At station SW-4 in Fifth Creek, 
calculated base flows ranged from about 0.5 to 3.0 cfs during the RI. At WOC station 
SW-6, base flows during the RI ranged from about 6 to 9.5 cfs. An approximately 5-year 
record (from April 17, 1985. to DecemberS, 1990) of flows at SW-6 shows the median flow 
to be about 7 cfs. A significant fraction, especially during low flows, of WOC flows is 
imported water from the DOE water treatment plant, supplied at an average rate of 
approximately 6.2 cis to satisfy ORNL's potable and process water needs. About 62 % of 
this water is discharged to the WOC surface water system. 

Flow velocities, measured only in Fifth Creek, were generally less than 1 fps. On the 
basis of stream size, flow velocities in First Creek are expected to be lower than in Fifth 
Creek and somewhat higher in WOC. 

-Concentrations of suspended sediment were not measured. As comparisons of cesium-
137 (a highly particle-reactive contaminant) concentrations in filtered surface water samples 
with unfiltered sample concentrations demonstrate, suspended sediment can playa significant 
role in transport of particle-reactive contaminants. 

Beyond analyzing for contaminant concentrations, detailed physical 'and chemical 
characterization of streambed sediments was not performed. The primary physical 
characteristics are texture and organic matter content, including humic material. These 
physical properties influence the affinity of sediments for all classes of contaminants. Visual 
observations suggest that bed sediments have a significant proportion of coarse-textured 
particles with low humic content. 

The chemical properties of sediments that affect their mobility and bioavailability include 
pH, oxidation-reduction, particle mineralogy. and the amount of potentially reactive iron and 
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• • WAG 1 WELLS SAMPLED AFTER 1992 

The table below describes the wells that were sampled after 1992. The Wag perimeter wells were sampled in 
four quarters beginning May 1993, July 1994, April 1995. and May 1996. The remaining wells were sampled on a 
variety of dates beginning in 1993. 

0535 
0538 
0539 
0549 
0553 
0555 
0563 
0564 
0566 
0567 
0571 
0581 
0583 
0584 
0593 
0598 
0599 
0600 
0601 
0614 
0616 
0622 
0806 
0807 
0808 
0809 

EASTING I NORTHING 

29541.41 22235.11 
29736.18 22630.29 
29807.39 22379.31 
30311.39 23013.09 
30243.72 21584.37 
30472.94 22652.17 
30615.41 21899.82 
30459.19 21836.37 
30625.08 21755.47 
30419.37 21700.2 
30515.25 20920.68 
31115.05 22689.91 
30954.85 22298.95 
31122.9 22089.87 

31191.49 21833.08 
31358.87 22175.01 
31417.95 22009.55 
31475.14 21719.22 
31503.38 21497.54 
31803.05 22465.66 
31784.19 22222.73 
31960.23 22239.98 

29657.3 20082.9 
30008.5 20909.3 
30018.6 20910.2 
29652.5 21142.9 

GROUND 
ELEVATION 

797.54 
812.66 
799.84 
856.49 
797.36 
854.74 

·809.48 
809.16 
805.93 
803.15 

781.8 
859.81 
826.45 
802.22 
799.07 

806.2 
801.14 

793.9 
787.92 
805.36 
800.65 
798.24 
774.94 
774.53 

774.5 
776.74 

EST. NUMBER 
OF RESULTS 

30+ 
30+ 
37 

30+ 
30+ 
30+ 
4 

30+ 
6 
8 

30+ 
30+ 
30+ 

1 
11 

30+ 
30+ 
30+ 
30+ 
30+ 
30+ 
30+ 

1000+ 
1000+ 
1000+ 
1000+ 
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METALS VOCS 

Y 
y y y 
Y 
Y Y y 

Y Y y 
y 
y 
Y 
Y 
y 
Y 
y y 

Y 
y 
Y 
y y 

Y y 
y y 
y 
y Y 
Y 
Y 
y y y 
Y y y 
Y y y 
y y y 

y 
y 
y 
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Wag perimeter 
Wag perimeter 
Wag perimeter 
Wag perimeter 
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WELL 

0810 
0811 
0812 
0813 
0814 
0815 
0816 
0818 
0819 
0820 
0821 
0822 
0823 . 
0824 
0825 
0826 
0827 
0828 
0829 
0830 
0873 
0874 
0875 
0876 
0885 
0946 
0947 
0987 
0988 
0990 
0991 
0992 
0993 
0994 

EASTING NORTHING 

29539.2 21879.3 
29652.3 22002.7 
29931.4 22350.4 
30261.9 22615 
30999.2 22831.8 
31746.3 23144 
31746.7 23134.2 
32390.3 22564.6 
32714.9 22382.4 

32422 22341.8 
32436 22340.7 

32116.7 22262.8 
32141.8 22057.3 
'. 31932 21399.2 
31666.2 21388.3 
31654.4 21387.3 
30813.5 21012.5 
30741.4 20815.2 
30557.1 21026.1 
30659.5 21211.7 

30872.46 21692.62 
30833.78 21464.06 
30943.46 21473.94 
31058.84 21465.27 
30949.28 21468.07 
30646.76 21091.05 
30666.93 21061.66 
25857.89 21650.14 
25471.29 21075.73 
24723.62 21657.34 
25051.49 21736.64 
25069.69 21737.04 
25619.08 21884.35 
25639.92 21895.03 

•• 
WAG 1 WELLS SAMPLED AFTER 1992 

GROUND EST. NUMBER RADS METALS 
ELEVATION OF RESULTS 

790.19 1000+ y y 

791 1000+ y y 

803.19 1000+ Y y 

848.86 1000+ Y Y 
877 1000+ Y y 

823.99 1000+ Y Y 
823.44 1000+ Y y 

851.55 1000+ Y Y 
827.83 1000+ y Y 
807.35 1000+ Y Y 
808.55 1000+ Y y 

797.58 1000+ Y y 
799.51 30+ Y 
787.05 1000+ y y 

787.96 1000+ Y Y 
788.07 30+ Y 
784.63 1000+ Y y 

814.11 1000+ Y Y 
775.56 1000+ Y Y 
178.35 1000+ y Y 

794.4 30+ 
782.4 30+ y 

784.8 30+ Y 
783.3 30+ Y 
782.9 30+ Y 

777.74 1000+ Y Y 
778.82 1000+ Y Y 
857.11 30+ y 

910.97 30+ Y 
853.91 30+ Y 
854.79 30+ Y 
854.54 30+ Y 
840.39 30+ y 
840.41 30+ ,---V 
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VOCS OTHERS 

y y 
y y 
y y 

Y Y 
y y 
y Y 
y y 
y Y 
Y Y 
y y 
y y 

Y Y 

y y 

Y y 

Y Y 
Y Y 
Y Y 
y Y 

Y Y 
Y Y 

Wag perimeter 
Wag perimeter 
Wag perimeter 
Wag perimeter 
Wag perimeter 
Wag perimeter 
Wag perimeter 
Wag perimeter 
Wag perimeter 
Wag perimeter 
Wag perimeter 
Wag perimeter 

Wag perimeter 
Wag perimeter 

Wag perimeter 
Wag perimeter 
Wag perimeter 
Wag perimeter 

Wag perimeter 
Wag perimeter 
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WELL 

0996 
0997 
1102 
1103 
1104 
4005 

EASTING NORTHING 

26458.18 21920.17 
26467.5 21911.04 

31141.45 21180.43 
31009.21 21180.33 
30970.03 21281.89 
30659.35 22211.96 

e. e 
WAG 1 WELLS SAMPLED AFTER 1992 

GROUND EST. NUMBER RADS METALS VOCS OTHERS 
ELEVATION OF RESULTS 

630.31 30+ Y 
630.24 30+ Y 

763 50+ Y 
762.2 50+ Y 
760.6 50+ Y 
615.9 50+ '-x , - -
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:~ 2543 
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COREHOlE CHOU;~ -' i '."\', .14-241, Te-SS, 
PII-IH (NOTE 'I, fc-99 ~q-:.',';nrrili~. Th-llO. J 
g:;':) ;i~l~)~ 15 :,' 

:::J : 816-. 

COREIIOlE CHOOI' 
PII-W INOTE ,~ 

~I 
r-_---lITc-99, Trillm. $1'-90.1 
.r Hi-63 tHOTE n, Cm-24~ 

P1EZOUElER 634 J' 
Sr-90 

NOTES 
I. J.ll CQOIlOIHlTES ARE 8A$(0.ON THE OOIIL CRIO SYSTEM. 

THE AlIGlf or DECllllAtlOH or THE GRIt. GRID TO TR\.( 
IIORTll IS mEN fR!»C THE APPROXIMUE C£lItER Of 
THE WAC. 

2. roo ClARITY, GENERAliZED SIt£ IHrOOlll.lION IS USED. 
fOIl DETAILED IHFORIUTlOH, SEE PUtE I. -

J. CROI.JIDYU£R CQHTAIIINUIOO DEflH£D AS COOC£IITRATlOIIS or 
RAQIONUCLIOE ~OVE HCls elr AVAilABlE! OR SACUJ10lfl0 
(IF NO WCl6 AVAll~l • 

4. CROSS BETA Y.l.S txJISIOERED ONlY IN 'l£ll5 .I.ND PIEIMlER, 
SAM'LED fOR CSl ANJ.llSIS ONLY. AFfECTED lOClTIOIIS ARE 
SSO, 584, 539, 535, 548, 540, ~l6. 110 AI() 811. 

5. Am-NI "NO Pu--2J8,23',24Q fwro IN SEEP H£AR CHtlA 
OUl IHC DRILLING • 

6. fe-55 VAS DETECTED IN PIEZQI.(t£R 54' U 66. J151 pCilL. 

1. NHi] lAS DETECTEO IN PIEZ(){T[R m fROII 168 10 346 pC.1\. 

8. r e -55 '""5 DETECTED IN YEll 815 .\T nom pCi/l. 

~_ TllE PR!:SENCE Of PROI£THlUU-141 IS OOESlIOlWllE DIX TO 
.iJlALYTICAl UllC£RTAIlHIES (S[E SECTION (1 Of APP[I{}IX CI. 

LEGEND 

-- '~C I IrulClMf( 

P~\,{D ROI.O 

--.-- roo: 
-.-._- 1'Ell:1fI1ll. SIIU.\I 

..... I P1ElO1£T81 584 ] 
HICH GRt'S:; SETA 
(SEE APP£HOIX 81 

~ 
I ,2525 I 

• 
urEA loor 

IIlJtlOtNC Ylll! ItMD 

lU:l:lHIUlllltD nt . .. 
(':'U,:,..:;:, 

PIElt:Io( Itl. m Cl:I£lO.( 

ttJ<IAMtlUltll 1II11 • 
'Ult:lo(II1t. m WIOQ.E 

IJil.lS IF IUDta.cctCll. 
CIlHAMIMlIIQI III a1tucl'IU.IOI 

-~-+ ~ ~"R77If78 ~SHO, Ra-22S] 

Sr, Ra-228. C4-m:! 
pu-238.m,m J 

" 

~ ~Trilitrll, 51'-90, PIII-147 tHOTE 911 . "--L~-t34, Co-60, fe-55 CNOTE 81 J 

F'tg. 3.3. Overview of radiological contamination in groundwater at WAG 1. Source: Enecgy Systems 1992a. 
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NOTES 
I .. lI.t CWI!lIHUts J.R£ eASED oc !lIE ~ GflIO SYSTEM, 

TH( lNQ.[ Ct OEa.l1tAflCW Ct 114£ ~ CIllO TO TRI.( 
10101 IS r.ll.£H fROM f'II( APPROXIMUE CUTER Of 
TIlE WIG. 

2. roo a.AIlITT. tD£RAUZ£lI SITE tlf'OONlTIOK IS USEll. 
roo OETlIlED IIf'OOMATi()l. stE PI. A fE I. 

l. STRCWTll.ll ctfIC(HTlUTloc MAT BE STR()iTIUIHO 
00 IOYlI. Rl0101CTf~ STROCTILM FROM fll TEREO OR 
IJf' It fEREO S1II'lES. 

4. STRCMTll.II ~TtCW I" ~llS 875 J1(l US ARE 
12.000 JIC 33.1 DCill, AESl'£CTlVD.l. 

S. STROHTlU'K ro«:(HTlUTlCH IN 1I£I.lS 1100 lNO tlOI iRE 
III 110 1\4.1 !>CUI:; p.(S!'[cm'EI. Y. 

--
~ 
I 2525 I 

LEGEND 
lIlG I 8Q.H)iRT 

PAVED ROI.D 

fUIC[ 

I'E'liEHH 1.11.. S 11l(JJ< 

WATER amy 
BUI LD INC YI 114 N.NfR . 

Concentration ranQe of total 
radioactive Strontium (pCi/L) 

• lI2.~O 

• > 1.000 s 12.000 ... > 100 !! 1.000 

• > 8 ~ 100 

• $ a 
0 LN>rn:CTED 

SCALE IN FEET 
o 400 800 
I I I I I 
o 100 200 

SCALE IN METERS 

Fig. 4.3.1. Sb'ontlum:ma:dmum. concentrations in all 
wells, piezometers, and coreholes sampled. 
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NOTES 
'. All t1lOAOlI'.IIU AI![ usn ON 1111 _ CII.O 1'1110. 

flO[ AIG.[ III 0[(11""011111 1M! _ CIllO 10 11111 
dl. II I .. Ut 1A01i 114£ _1 .. 1l aolla IT 
flO[ .". 

I. :: :ir.:~ 1' ... -=lrJl.I~' ~m~11III11 wo. 
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fIIGII .... lllU[O Wl'!.lI. 

t. Till toIa.IRUlIlII II II£llS 1110 AND 1101 III \4,1 AND 
"'" otUl. RlII'tCllllElt, 

lEGEND 
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~ #11£0_ 

ruc:[ 

0") 

en 
o 
o 
o 
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] 
'(fr._tAL SlI(AM 

~ IAllI lOOT 

DlliJ IUllO!IC ,no Il.Mel:l 

Concentration r~ of total 
radioactive sttOlLUftl IPtitll 

• J.1Il 

• • lot .. t~_ 
... •• , 110 

• II 

0 UCUltl(O 

SCALE IN fEE r 
() 400 800 
,1~------rl~I-----.~1 
o 100 200 

SCALE IN I4£T[RS 

FIB- 4.3.3. Total radIoac:the Itrootium: muhaum toD"."· 
tralloas ID "db &ad plaomtten _pled durio, hI&b baoc 
now toodilloas. 
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NOTES 
I. AlL CtOlD[HArES UI£ 8J.S£D ON IlIE 0AIl. I1<JD S'(5T[M • 

Il!E llG.£ ~ DED..llUfll)( ~ IlIE 00Hl GRIO TO lRIJ: 
NORIlI [S TAlEN rROll IlIE U'PIlOX[MlT£ CEIIT[R or 
IlIE YAC • 

2. fCfl a.~ITT. CEl£RAllltO S[TE IIf'CfIMltlON [S USED. 
(II DETA[LED [If'(J!MlTION. SEE PlAT[ I. 

l. TRIT!IJI CQICl:HTlUrtONS IRE rROll FILTERED 
011 UHf 1 LltRED S.ut'lE.S 

~ 
I 2525 I 

LEGEND 
lAC 1 BO.HllRT 

PAVED RCAO 

FDIC( 

P£RIJOII Al STREAM 

_TEll SOOY 

BUILDING 111Tlf II.HVr 

Concentration range of Tritium (pCi/L) 

• • 20. 000 - • '12.000 

• > 1,9<10 - .20,000 

-i:-' '- ... S I ,.0 
,/L U'"I~. k 

II ......... ~J .~ .. ~.,. .. ,..." ... ~_..,..-. MUIN..M RErEREtoa: ClKEHTRArtON' "40 pC,/\.. 

+ + + 
SCALE IN FEET 

o 400 800 
I I I I 
o 100 200 

SCALE IN METERS 

Fig. 4.3.4 TriUum: m.uimum concentrations in all wells, 
piezometers and corehole5.$8lDpled. 
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I. III ~I"'U .,. 1AlL0 01 II( _ ClUO milO. 
, ... AJlQ,I ~ III:ClIUIlIIO" Ill! _ ""0 '0 'IU 
_III IS IIllO 'fIOIO Ill! ......... ,! lUlU Of 
' ... lUC • 

2. 'GIl D.IIII!!, 1llOIlllto 511[ , .... 11110 1\ 115(0. 
1(11111("11£0 '._"011, 51:1 'UI[ I • 

1. IIIII1U1O CQItI.'(OI1UIIOWI III 1lI0II \If 111[1110 , .... US • 

lEGEND 1IiC._ 
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om:J 

PlAl .. 11l 1111(111 

_It I 1liiY 
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..&. ••• t41 - -to..ooo 
• • 1,1-<0 II(l(CltO 

.. IJflI.llel£O 

SCALE IN FE[T 
o 400 800 

I I 1 

o 100 200 
SCAlE IN Io£fERS 

Fie. 4.3.5. Tritium: -mum COIICCalradoallta wdb .. 
pIaometen _pled durtac low base now COJIdltlou. 
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3.5 CONCEYI1JAL MODEL 

The WAG 1 groundwater flow conceptual model is that the WAG is the groundwater 
discharge area for the Knox Group aquifer underlying the adjacent Chestnut Ridge recharge 
area. The maintenance of elevated hydraulic head in Units C and D, despite the presence of 
cavities in those units, is considered to reflect hydraulic influences from the Knox which are 
transmitted through the relatively impenneable Units A and B. Local recharge occurs on the 
WAG 1 hilltop area underlain by Units C and D where the water table is generally beneath 
bedrock. Perched water develops seasonally but apparently infiltrates rapidly to the water 
table. Groundwater elevation is perennially above bedrock in Units E and G, and fluctuation 
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below bedrock is not observed. Presumably because of its comparatively greater clastic 
content that adjacent units, Unit F bedrock is perennially above the water table which may 
partially explain apparent strike-parallel flow near Unit F. 

The groundwater system is thus envisioned to contain local recharge on the hilltop area 
which discharges through the overlying geologic units to surface water. Seasonal water table 
rise is a system-wide. piston-like response to precipitation. Throughout much of the WAG, 
significant amounts of discharging groundwater are intercepted by the extensive underground 
process waste pipeline and liquid waste tank storage network which is then sent to the PWIP 
for treatment. 

The greatest flux of contaminants through groundwater to this network occurs during 
periods of elevated water table in response to precipitation. It is partly because of this 
network that contaminated WAG 1 groundwater is generally not detected in adjacent surface 
water bodies. The extent of surface water contamination would be anticipated to be much 
greater in the absence of this network. 

Although cavities are known to occur in Unit G, the influence of these cavities on flow 
and transport is not known. The available data for WAG 1 Unit G bedrock piezometers 
indicate no piezometers were constructed in cavities. While drilling logs indicate the presence 
of fracturing in several of those piezometers, their hydraulic conductivity estimates do not 
differ significantly from those without fracturing. Air rotary drilling methods used in WAG 3 
piezometer installation to the west of WAG 1 would not identify cavities. However, Stueber 
et a1. (1981) indicate that off site migration of ~r is along small, presumably strike-parallel 
cavities in Unit G near the geologic contact with Unit F. 

The occurrence of stratabound groundwater flow at WAG 1 has been described by 
Ketelle and Lee (1992). Observations of stratabound flow were made in Melton Valley 
(Webster 1976) and in WAG 3 (Stueber et a!. 1981). Stratabound flow has al$o been 
suggested to occur in Chestnut Ridge (Lee and Ketelle 1987), in a groundwater dye tracer 
lest in Bear Creek Valley (Lee et a1. 1989). and by the configuration of the S-3 Pond plume 
at the Y-12 plant (Geraghty and Miller 1990). 

A simplified block diagram (Fig. 3.3) illustrates the basic components of the process as 
it is currently envisioned. The bulk of groundwater movement is envisioned to be essentially 
confined within discrete geologic strata. The direction of movement is determined by the 
hydraulic gradient within the stratum from a point of observation to the nearest surface water 
drainage. Comparatively minor stratum outleakage occurs with the local or site-wide hydraulic 
head profile. Vertical outleakage continues until another stratum is encountered through 
which stratabound flow can occur. Groundwater flow and contaminant migration is thus 
envisioned to occur in a trellis-like pattern. The scale at which the trellis movement is not 
resolved but simply resembles gradient-driven flow is not known but likely varies by bedrock 
unit . 
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Stratabound flow is considered to occur most commonly in homogeneous, comparatively 
thick (on the order of about 1 m),limestone strata within which laterally extensive fractures 
can develop. As such, stratabound flow would not be expected to occur in thin bedded 

. (nominally up to several centimeters thick) rocks with a mixed carbonate and clastic 
composition which do not contain laterally extensive fractures. Because the bulk of ORNL 
facilities are underlain by thin bedded rocks of Units E and G, stratabound flow is not 
considered to be the only flow and transport mechanism at WAG 1. However, strata do occur 
in these units which have the potential for stratabound flow development, and that 
mechanism must be considered to occur at least locally. 

The underground process waste pipeline system and underground tank sumps and dry 
wells remove an amount of groundwater equal to approximately one-half of all expected 
runoff from an area the size of WAG 1, although this is only an estimate. The fractions of 
this water derived from bedrock groundwater, shallow subsurface flow, and leaking water 
supply lines are not known. However, estimates of expected recharge to the bedrock system 
from infiltration are considered to be only a few inches per year. Thus, the extensive pump 
and treat system that operates in WAG 1 significantly alters natural flow conditions . 
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5.2 SITE CONCEPTUAL MODEL 

The process of contamination of an environmental medium, in its most rudimentary 
form, involves a source of contamination and a release mechanism whereby contamination 
is transferred from the source to the environmental medium. Once in the environmental 
medium, the contaminant can reside in it, be transported with it, or be transferred to another 
medium. For WAG 1, the principal potential source-release mechanism-contaminated 
media chains are presented in Table 5.2.1. 

5.2.1 Sources 

Although each SWMU within WAG 1 is a potential source for the spread of 
contamination in the various media, it is impractical to address them separately. Section 3.5 
describes individual waste management units within WAG 1. SWMUs can be grouped 
together on the basis of their proximity and similarity of contaminant inventory; Table 5.2.1 
uses such groupings of sources. 

The principal sources of WAG 1 contamination, both radiological and chemical, are the 
inactive tanks and associated pipes and radiological impoundments and the contaminated soils 
around them. The contaminant inventories of the tanks and impoundments are described in 
Sect. 3.5. 

Approximately 95 % of the 'total documented radioactivity of the inactive waste 
management units in WAG 1 is contained in the six large Gunite tanks in STF. The 
radiological impoundments are believed to be a major source of tritium contamination of 
groundwater as evidenced by very high concentrations (ranging from a few hundred thousand 
to over 800,000 pCi/L) in the groundwater downgradient of them (see Sect. 4.3). The 
inventory of tritium in these impoundments is not known. Impoundments are also sources 
of strontium-90 contamination of groundwater. 

An NPDES-perrnitted outfall associated with the Process Waste Treatment Plant (X07) 
has been a known source of cobalt-60 and cesium-137 discharges into wac. However, 
since April 1, 1990, when the new Nonradiological Wastewater Treatment Facility began 
operating, this outfall and some others have been eliminated (Energy Systems 1991). Some 
contaminants (e.g., pyridine and p-dioxane) may have discharged to the wac surface water 
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system through outfalls. These contaminants are distinguished by their presence in surface 
water only and have not been identified in groundwater samples (see Sects. 4.3 and 4.5). 

5.2.2 ReJease Mechanisms 

Leaks from underground tanks and associated piping and seepage from impoundments 
are the primary release mechanisms responsible for contamination of the surrounding soil and 
groundwater. Infiltrating precipitation transfers soH contamination deeper, fmally 
contaminating groundwater. Contaminated groundwater transfers contaminants to the solid 
aquifer matrix through direct contact, and, for fractured bedrock, also through slow diffusion 
into the rock matrix pores. Surface water is contaminated through discharge of contaminated 
groundwater. Because of the extensive network of pipeline trenches in WAG I, some below 
the groundwater table, contaminated groundwater has leaked into the outfall systems. In the 
past, some outfall discharges, most notably X07 f were significant contributors to surface 
water contamination. Release of contaminants by surface runoff is not believed to be 
significant. Sediments are contaminated through direct contact with contaminated surface 
water. 

Some release mechanisms (e.g. f those involving direct contact) are reversible, depending 
on the relative concentrations of contaminants in the media involved. For example, 
contaminated sediments can contaminate surface water through desorption. Such reverse 
releases are usually important after some level of cleanup of one of the media has been 
achieved . 

Because of the deteriorating condition of some of the tanks (see Sect. 3.5), a potential 
for release of contaminants exists following structural failure (e.g., collapse of a tank roof). 
Contaminants could be released to the environment through suspension and transport of soil 
particles in air, through volatilization and transport of volatiles in air. and through direct 
radiation from radioactively contaminated sludges. 

5.2.3 Transport Media 

Water is the principal transport medium for contaminants in WAG 1. AU contaminants 
are soluble in water to varying degrees, and most are predominantly transported in dissolved 
phase. For particle-reactive contaminants such as cesium-137. transport associated with 
colloids and suspended sediment can also be important. 

The subsurface/surface water system is described in detail in Sects. 3.3 and 3.4 and is 
summarized in Sect. 5.1.2.2. A few additional observations that have particular relevance 
to transport of contaminants are presented here. 

Subsurface flow in the vadose zone takes place under approximately a unit hydraulic 
gradient. Using a hydraulic conductivity on the order of 0.3 ftJday (approximately equal to 
the WAG 1 average saturated hydraulic conductivity of 10-4 cm/s) and an effective porosity 
on the order of lO,2, the average linear flow velocity in the vadose zone is estimated to be 
on the order of 30 ftJday. This is a high velocity resulting from flow being confined to 
relatively few macropores of very small overall porosities. The total porosity, however, is 
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quite large, more than an order of magnitude higher than the macropore porosities. Thus, 
a large, relatively immobile buffer zone exists for the contaminants from which they can flow 
in and out through slow diffusion. 

Most of the groundwater flow takes place in the shallow bedrock in discrete intervals 
containing fractures. Strike-preferential flow resulting from flows in fractures aligned with 
bedding planes can be referred to in terms of anisotropy. There is unmistakable evidence 
of this anisotropy in WAG 1 aquifers, as evidenced by the observed directions of contaminant 
plumes in relation to the hydraulic gradients (see Sect. 4.3). 

Average linear groundwater velocities in different regions of WAG 1 were calculated for 
the overburden and shallow bedrock on the basis of local hydraulic gradients and hydraulic 
conductivities. An effective porosity of 1.8% was assumed in both the overburden and 
shallow bedrock (Solomon 1989); the results are presented in Sect. 3.3. The velocities 
ranged from 0.0042 to about 45 ftlday. The mean groundwater flow velocity in the portion 
of the WAG south of Central A venue, where most of the contaminant transport takes place, 
is estimated to be between 1.3 and 1.5 ft/day. Computed velocities in this region range from 
less than 0.01 ftlday to greater than 12 ftlday. 

An analog of what exists in the vadose zone exists in the saturated zone, where flow 
takes place predominantly in discrete rock fractures of very low overall porosities, and a 
large, relatively immobile volume exists in the fine pores of the rock matrix. This sets the 
stage for the well-known phenomenon of matrix diffusion of contaminants. Contaminant 
transport takes place largely by advection in discrete fractures. At the same time, 
contaminants are transferred from fractures to the rock matrix by slow diffusion. Matrix 
diffusion retards and attenuates contaminant migration. Contaminants in the matrix are 
potential sources. 

Another phenomenon that may be important for transport of particle-reactive 
contaminants is transport by colloids. Contaminants attached to colloids are much more 
mobile than would be expected based on their distribution-coefficient-dependent retardation 
factors. Colloidal transport may be important in both the macropores of the vadose zone and 
the fractures of the saturated zone. The degree to which such transport is important depends 
on tlie colloid attachment following collisions with surfaces of macropores or fractures, or 
on the so-called sticking efficiency of the surfaces (LLNL 1992). This, in tum, depends on 
the electrostatic and van der Waals forces between the particles and the surface. When the 
ionic strength of the solution is weak, sticking efficiencies approach zero. Even when 
sticking efficiencies are low, "colloids should not be transported more than a few tens of 
meters unless other processes are at work to release them" (LLNL 1992). In large fractures 
such as those found in the northern section of WAG 1, enough turbulence may exist to 
release colloids from surfaces. 

The active zone of groundwater flow is confined to approximately the upper 150 ft or 
less of the water table aquifer. Sufficient vertical gradients ~ear the three discharge 
boundaries exist, suggesting that most contaminants in the active flow zone may discharge 
to streams. However, some contaminants may flow under the stream as strata-bound flow 
(see Sect. 3.3). When contaminants flow toward First or Fifth Creek, the flow appears to 
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be strata-bound and is confmed to certain geologic layers. However, flows toward woe are 
interstrata. 

Groundwater discharging into the woe surface water system flows off site as part of 
creek base flows. Surface water is the (mal transport medium for contaminants that are 
carried off site either in dissolved phase or bound to suspended panicles. 

5.3 FATE AND TRANSPORT 

The 'medium most immediately and most commonly affected by a contaminant release 
from its source is soil. The nature and extent of soil contamination is described in Sect. 4. 
The leachability of contaminants from soil is a good indicator of their mobility and 
transferability to other media. Soil samples were selected from areas suspected of high meta] 
and radiological contamination and subjected to leachability (modified TCLP) analysis using 
deionized water. The analytical results of this leachability test are presented in Appendix A. 
Sect. A.S. Based on results of this analysis, all metals and radiological contaminants. with 
the obvious exception of tritium, are found to be strongly held in soils (Table 5.3.1). 
Radioactive strontium was the only other radionuclide consistently detected in the extracts 
above quantitation limits (cesium-137 was detected in two extracts). These observations are 
consistent with the generally widespread occurrence of tritium and strontium in groundwater 
samples (see Sect. 4) . 

The relative immobility of meta]s and radionuclides in soils explains why, although their 
concentrations in soils may be high, they remain relatively low in groundwater and surface 
water. All BNAEs listed in Table 5.1.4 are also strongly held in soils. as indicated by their 
high Koe values; few BNAEs have been detected in surface water. Volatile organics, on the 
other hand, leach readily from soil to groundwater and, because their distribution coefficients 
are generally low, are transported in groundwater relatively rapidly. When discharged into 
surface water. their concentrations decrease rapidly because of loss from volatilization. 

5.3.1 Groundwater 

Subsurface transport of panicle-reactive contaminants occurs at a velocity that depends 
both on the average linear groundwater velocity and contaminant-specific distribution 
coefficient. The velocity of contaminant transport is given by 

Vc • V, . 

(1+ prd ) • ~ 
where Vc= velocity of contaminant transport, LTI 

V, = average linear groundwater velocity, LTI 
Pb = bulk density of the solid matrix, MI:' 
K.s = distribution coefficient, L'M-I 
e = moisture content. dimensionless. and 
R = retardation factor, dimensionless. 
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4. POTENTIAL RECEPTORS AND EXPOSURE PATIIWAYS ()).. 

4.1 INTRODUCTION 

The primary purpose of a risk assessment is to provide relevant information for 
environmental decision making. Risk assessment under CERCLA has two main goals: to 
determine the need for action at· a site and to establish remedial goal options for 
consideration in the feasibility study. The need for action is established through the process 
of identifying pathways and contaminants of concern at a site and subsequently calculating risk 
on the basis of a set of exposure assumptions. In the feasibility study. the primary use of a risk 
assessment is to determine remedial goal options that will serve as a baseline for the amount 
of risk reduction afforded by implementation of the alternatives identified by the feasibility 
study if action is necessary. In order to achieve this task, reasonable land use scenarios must 
be identified for the on-source and off-source components of the risk assessment. 

In this section, characterization of the human and ecological populations that may be 
affected by the WAG 1 Groundwater OU are considered. The receptor assessment aims to 
identify those individuals or populations with a current or future potential for exposure to 
contaminants originating from the site. The exposure pathway assessment identifies the routes 
by which a receptor might be exposed. AsseSsments will be used to evaluate risk posed by 
contaminants in source OUs that move through the shallow groundwater to surface water. 
Pathways to be included in the assessment are ingestion, inhalation, and dermal contact of the 
surface water. Risk characterization will be conducted using data from ongoing monitoring 
efforts and the WAG 1 remedial investigation. Groundwater data will be collected to 
determine which source OUs are contributing to contaminants found in the surface water. 
This information will also be used in an integration point assessment to prioritize the source 
OUs for remedial actions. 

The risk assessment strategy for source OUs is designed to assist the ER program by 
focusing actions on sites that are a high risk priority for either on-site or off-site exposures 
and to provide adequate risk baselines for measuring the potentia1 effectiveness of proposed 
remedial alternatives. Most of any off-site public exposure to ORNL contaminants results 
from surface water, which is the major transport mechanism for contaminant fluxes to off-site 
receptors. Other potential transport mechanisms (e.g, the food chain, the air pathway, and 
direct groundwater transport) are not currently primary sources of off-site fluxes. The 
integration point assessment is designed to actively use monitoring, surveillance, compliance, 
and RI data to evaluate the off-site risk from a variety of sources that contribute to the 
surface water integrator au. The data will be used to. establish a baseline for evaluating the 
risk at different points within the integrators, to identify and prioritize source areas within the 
context of the integrator, and to establish the degree of risk reduction a source Control action 
can potentially achieve . 
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Residential pathways will be evaluated for the off·source assessment of risk from the 
source OUs. Selection of the off-source receptor point in the WOC floodplain at the WAG 1 
boundary is consistent with what was established in the preliminary risk assessment report 
(lAHS '1990). The results of the WOC floodplain receptor will be used to evaluate the no· 
action alternative and combined with information obtained in the feasibility study to evaluate 
the amount of risk reduction obtained by any in-situoptions for the FS. This will serve as a 
baseline for the relative degree of risk reduction in the future for implementation of the 
various options. Data from Phase II of the site characterization activities will be used in 
conjunction with data from ongoing site-wide monitoring programs to provide input for 
integration point assessments. These risk assessments will address current and future on
source OU and off-source OUexposures and will support (1) Records of Decision for interim 
or final actions and (2) removal actions. 

4.1.1 Human Populations and Exposme Pathways 

An exposure pathway is the means by which contamination from any contaminated media 
is transported to a receptor. The components necessary to complete the pathway are (1) a 
contaminated source and a mechanism for release, (2) a transport medium, (3) an exposure 
point, (4) potential receptors, and (5) an exposure route. 

The WAG 1 Groundwater OU is located within the ORNL site and is part of the DOE 
ORR (which covers approximately 35,000 acres). WAG 1 is an area of 150 acres that includes 
most of the original research and development facilities and associated waste management 
units. WAG 1 Groundwater OU is situated in an industrial area and no residences or drinking 
water sources are currently located on the site. Security precautions currently limit the 
presence of persons in this controlled area; consequently, the potential for human exposure 
to contaminants is limited. Employment at the ORNL site (as of January 1992) consisted of 
approximately 5000 full-time on-site personnel, the majority of which work in the main ORNL 
complex. Because most of the source areas have been closed and intrusive activities are 
limited, exposure to the on-site worker is generally limited to a small group of maintenance
type workers and future sampling and remediation workers. Given the extensive development 
of the main plant area, lit is expected that WAG 1 will maintain an industrial land use 
classification in the future. 

Nine public water supply systems serve about 91,500 people within a 32-km (2Q.mile) 
radius of the ORR. The intake for Kingston, located on the Tennessee River, is about 
0.6 river km (037 miles) above the confluence of the Clinch and Tennessee rivers and about 
34.1 river km (213 miles) below the White Oak Dam outfall. Kingston withdraws 
approximately 9% of its average daily supply from the Tennessee River. Sixteen public 
groundwater supplies are located within a 32-km (2Q.mile) radius of ORNL Of these sources, 
the closest to ORNL is the Allen Fine Spring supplying the Dixie-Lee Utility District in 
Loudon County. This groundwater source, about 11 km (6.8 miles) southeast of ORNL, 
serves 6700 people with an average of 1,500 m3 (53,000 ft3) of water per day. Private single. 
family wells are common in adjacent rural areas not served by public water supply. Most of 
the residential wells, other than those acij.acent to the City of Oak Ridge, are south of the 
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Clinch River. These wells are hydrologically isolated from impacts originating from the ORR 
because of.the Clinch River. The nearest resident is approximately 3.7 km (2 miles) from the 
WAG 1 boundary. 

All drainage and effluents from WAG I, aswell as from other WAGs, discharge to wac 
and therefore, to White Oak Lake. Under normal flow conditions and during precipitation 
events, waterborne radioactivity and radioactively contaminated sediments can be carried 
through White Oak Dam and discharged to the Clinch River. WAG 1 has been a historical 
contributor of 90Sr and 137es to the overall contaminant inventory in the wac watershed. 

4.1.1.1 On-aite potential human receptors and cqx:lSure pathways 

An industrial future land use for the on-source assessment of risk at WAG 1 is the most 
appropriate given EPA guidance. This location meets the definition for areas that are defined 
as industrial sites under the future land use condition; the term "on-site" strictly means 
buildings and their associated infrastructure for purposes of the baseline risk assessment. 
Selection of an industrial scenario is consistent with the NCP and EPA guidance. Risk 
Assessment Guidance for Superfund (EPA 1989) states that "an assumption of future 
residential land use may not be justifiable if the probability that the site will support 
residential use in the future is exceedingly small." 

For future on-site land use, a reasonable maximum exposure risk assessment will be done 
based on industrial exposure at the source OUs. All water used on the ORR is imported from 
the Clinch River. Well yields are low in WAG 1 and are considered insufficient to serve as 
a reliable potable water supply currently and in the future. Because groundwater is not usable 
as a source of potable water at WAG 1, risk from groundwater within the site boundaries will 
not be assessed for the purposes of supporting specific remedial decisions. It will be assumed 
that future industrial receptors will continue to import their water from off-site. The emphasis 
for risk assessment and for remedial decisions will be on source control for groundwater 
contamination within the WAG 1 plant boundaries because the groundwater discharges to 
surface water in WOe. 

4_1.12 Off-siie potential human receptors and cqx:lSure pathways 

The greatest potential for off-site human exposure is believed to be from surface water 
runoff and shallow groundwater discharge. into wac. The contaminants found in these 
integrators affect downstream surface water bodies, including the Clinch River. These water 
bodies are used for domestic and industrial water supply, fishing, recreation, and irrigation. 

Under the current land use conditions, an integration point assessment will be used to 
evaluate potential exposure to off-site receptors. In brief, this assessment is designed to 
evaluate off-site human health risk from exposure to contaminants from the source au (i.e., 
WAG 1 Groundwater aU). Conservative (residential) exposure parameters will be used to 
evaluate risk from ingestion of and dermal contact with surface water and for inhalation of 
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VOCs in the water at the woe Dam. Contributions from the WAG 1 Groundwater au will 
be ranked relative to other source OUs in the woe watershed based on their flux 
contributions of contaminants of concern. 

For future off-site land use, modeled results could be used to evaluate future risk to off
site receptors. Exposure pathways to be evaluated include (1) ingestion of soil and water, 
(2) inhalation of wind-generated dust, (3) inhalation of volatiles in water, (4) dermal contact 
with soil and water, and (5) external exposure to radionuclides in soil. The point of residential 
exposure pathway assessment for future land use is the woe floodplain at the WAG 1 
boundary as previously established in the Preliminary Risk Assessment Report. 

4.1.2 Ecological Populations and Exposure Pathways 

Previous ecological assessments of the woe watershed indicate that severe effects are 
not occurring in the aquatic habitats of WAG 2 and a diverse and productive aquatic 
community is present. However, reference stream surveys of aquatic biota indicate that there 
is some evidence for effects on fISh reproduction and on benthic invertebrate community 
composition. Toxicity tests that have been performed for surface water have not indicated 
toxicity to Ceriodaphnia dubia or to larval fathead minnows in 7-d exposures. As ongoing 
studies within the scope of WAG 2 and the Biological Monitoring and Abatement Program 
continue, any contaminant migration originating from WAG 1 that can be linked to 
detrimental environmental effects will be targeted for remedial action . 

4.2 HUMAN HEALTH ruSK ASSESSMENT :METHODOLOGY 

The integration point assessment is a flux-based risk assessment. Flux is an important 
concept for source control because of the number of actual and potential sources of 
contaminants that exist on the ORR and the variability in flow rates of the different surface 
water systems that transport these contaminants to the surface water integrator OUs and 
eventually to the Qinch River. Source control actions taken at areas that have higb fluxes of 
integrator contaminants of concern are the quickest means to reduce off-site exposure to 
levels that are as low as reasonably achievable. 

An important objective during early phases of a large investigation is to assimilate 
available information from existing programs in order to estimate fluxes and mass balances 
of contaminants within the integrator system. The information is then used to assess fluxes 
within the watershed and compare them with fluxes that input into public access areas in 
.order to differentiate between various contaminant sources at the ORR. Mass balance 
information is important to describe the accumulation of contaminants within a system where 
inputs and outputs are known and to assl!SS the net impact of a reach or source area. The 
integration point assessment provides a means for communicating this information in terms 
of risk to the public and to risk managers. It also provides an important risk link between the 
source control and integrator OUs so that the effects of source control actions can be 
evaluated in the integrator. 
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are cited in flOW' chart. 

Melton L ______ ~ IlJpstr~am from 
Branch Weir J....r _ -, Mlr pool , 

: Deposit 22, 26, 54, and 67% 
: for storms C, B, E, and A 

t 

Y 
downstream 

from weir pool 

Estimated scour of 0,4, 5, and 10% for storms C, E, A, and B. 

I 
Estima1ed deposit of 10% for storm D. 

White Oak 
Embayment 

Clinch River 

Note: WOE 'not calibrated for flow. changes in 
loads were determined using WOO flOW'. 

Fig. 5.2 Conceptual model of storm tnlDSIxn1 of 1l7es in the White Oak CreeJc walersbcd 
(Data are provisional; contaminant discharge at White Oak Dam has not been adjusted for recent 
revision in the weir rating curve.) 
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2.1.2 Overview of Site Conditions 

The woe floodplain area used for the PH HE is at the southwestern end of WAG 1. 
The area is not fenced but is marked as a radiation area. Trees, grasses, and other vegetation 
cover the area. Access to this general area is restricted by guard stations located on nearby 
access roads. When the stations are not manned, a barrier is used to restrict road traffic. 
It has been known for some time that the floodplain soil was contaminated with cesium-137 
as a result of historic discharges. The RI floodplain soil sampling program was designed to 
determine the extent of cesium-137 contami.nar..ion and ascenain the presence and 
concentrations of other contaminants. The surface \oY3.1er sampling program was designed to 
provide infonnation on the nature and concentration of contaminants in the surface water. 

The samples used for the PHHE represent a small portion oCthe total number collected 
during the Phase I RI. A larger portion of these samples are used for the EE and the HSI. 
Data from all samples collected are used in the SCSR'to describe the nature and extent of 
contamination. These samples also provide a technic.aJ foundation and source of information 
for future aU-specific environmental restoration activities~ Site conditions are summarized 
in the WAG 1 Document Summary and discussed in detail in the SCSR. The rationale for 
using this subset of the samples is presenterl in Sect. 2.1.4.1. 

2.1.3 Objectives 

The primary objectives of the PHHE are presented in Sect. 1.3.1. Brietly, these are to 

• assess the need for remedial acrion to control migration of contaminants from WAG I, 
• assess the need for remedial action for the WAG 1 woe floodplain soils, 
• provide a basis for comparison with other aRNL WAGs, and 
• provide a basis for evaluating reduction of con1am.inant migration as a result of 

remediation relative to risk. 

2.1.4 Approach 

A hypothetic.aJ resident receptor on the WOC floodplain was e,valuated under a no-action 
scenario; the foJIowing paragraphs explain why this receptor was chosen and how the PHHE 

was performed. 

2.1.4.1 Hypothetical receptor 

A hypothetical residcllt /ivinp ~n the woe floodplain between the 7500 bridge and the . 
main plant area fente (Fig. 1.1..2,~4as chosen as the receptor for the PHHE. This decision . 
was made after con~on of the site concepw.al model. EPA guidance, and the objectives 

for the PHHE . 
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The site conceprual model for WAG 1. presented in the SCSR ts:.ct. 5 .~). assumes that 
groundwater flow. with itS associated contaminant movement. eventually discharges to WOC 
upstream of the 7500 bridge. woe also receives overland storm flow. any infiltration of 
groundwater to the storm sewer system. and eroded soil. as well as discharges penni ned 
under the SLate's National PolluLam Discharge Elimination System (NPDES) program. It is 
currently believed !:hat most. if not all. waterborne releases of environrnenLaI contaminants 
that originate within WAG 1 are received in wac upstream of the 7500 bridge. A receptor 
exposed to the water of WOC at the Woe floodplain would be exposed to any contaminants 
migrating off site from WAG 1 (at upstream locations). While these are not necessarily the 
greatest concentrations that are present in surface water or groundwater within WAG 1. the 
WOC floodplain is the only area where surface water samples would represent influence from 
the entire WAG. 

As a result of discussion at the December 4. 1991, DOE Technical Working Group 
meeting mentioned previously, it was decided that the human health evaluation for the first 
phase of the WAG I RI should be generalized and represent an evaluation of the risk from 
the overall WAG. It was also determmed that since this human health evaluation will be 
used to document the need for continued action, it need not be as detailed as a human health 
evaluation presented in suppon of a no-further-action decision. 

The PHHE intentionally only addresses discharges that represent present-day releases 
from WAG 1 as a whole. The analyses presented in this PHHE likely do not estimate the 
full magnitude of potential risk associated with individual OUs or sources of contamination 
within the WAG. Other potential risks (Le., scenarios) will be addressed in future 
aU-specific risk assessmentS. 

2.1.4.2 PHHE methodology 

A no-action scenario was developed that assumed DOE's current access restrictions 
(including warning signs, patrols, and institutional controls) for the WOC floodplain became 
ineffective immediately. allowing a resident to oc.c:upy a homestead on the woe floodplain. 
Although this is not a reasonable scenario for WAG I, it allows evaluation of a no-action 
scenario as required under Sect. 300.430(e) of the National Contingency Plan (NCP) (EPA 
199Oa). 

Approaches for quantifying conservative and nonconservative exposures were patterned 
a.fter the approach used in Preliminary Screening of Ccnrami1UUUS in the Ojf-Siu Surface 
Water Environm.enr Downstream of the U. S. DepartrTtenr of Energy Oak. Ridge R~t!rvarion 
(Hoffman et al. 1990). A conservative approach was designed such that there is high 
confidence that the actual risk is not underestimated. A nonconservative approach was 
designed to represent limited exposure at the site such that .there is high confidence that the 
actual risk is not overestimated. These two approaches serve to put the calculated risk values 
iruo perspective . 
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5. SU1VfMA.RY M1J) CONCLUSIONS 

5.1 PRELIMINARY HU1\1AN HEALTH EVALUATION 

The PHHE was developed from data collected during the Phase ] RJ at WAG 1. 
Phase I, as well as previous investigations, identified comaminantSpresent on and migrating 
from the WAG. Contaminants identified include radionuclides, organics, and inorganics. 

Risk was calculated for 3 hypothetical wac floodplain resident receptor. Two 
approaches, one conservative and the other nonconservative, were assessed for reasonable 
maximum and average exposure assumptions, respectively. The PHHE results indicated that 
risks to the hypothetical wac floodplain receptor were greater, than EPA's upper risk limit 
of 1 Q-4 for radioactive contaminants of potential concern for both conservative and 
nonconservative approaches. For chemical contaminants of potential concern. the risk was 
greater than EPA's lower dsk limit of 10-' for the conservative approach. The PHHE results 
establish a need for continued action to address radioactive contaminants migrating in surface 
water in WOC as well as contaminated soils in the WOC floodplain. 

Risk from radioactive contaminants was driven by radium-228 and strontium-90 and their 
daughters for ingestion of surface water and by cesium-137 and its daughter for direct 
exposure to the floodplain soils. For chemical contaminants, the potential carcinogenic risk 
for the conservative approach fall between the upper and lower bounds of EPA's target risk 
range. The noncarcinogenic hazard index for ingestion of surface water as drinking water 
(at 2.3 for the conservative approach) is greater than the adverse effect threshold of 1. 
Assessment of secondary exposure palhways (e.g., ingestion of vegetables irrigated with 
chemically cont.a.minat.ed water) \1/Ould probably not yield a significant increase in the current 
risk values because one of the chemicals driving the chemical carcinogenic risk (p-dioxane) 
is characterized by a low K"., and does not readily bioaccumulate. In addition. the 
noncarcinogenic risk is a result of ingestion of drinking water t and the chemical driving this. 
risk (pyridine). is also characterized by a low K- and is not readily bioaccumuJated. Many 
of the remedial actions that might be taken at WAG 1 to address migration of radioactive 
contaminants would protiably produce a significant mitigation of chemical contaminant 
migration. With these considerations in mind, the need for further defmition of the potential 
risks due to chemicals is probably not necessary . 

. When the WAG 1 PHHE results are used to compare the risk amibutable to WAG 1 as 
a whole with the risk from other WAGs, it should be determined .whether a larger or smaller 
number of pathways (especially secondary palhways) have been assessed for the other WAG. 
Assessment of differem pathways for other WAGs could result in a total risk number that 
might not be comparable to the WAG 1 PHHE calculated risk. 

The PHHE risk values should provide a basis for either quantitative or qualitative risk 
reduction comparisons for WAG 1 aU-specific alternatives evaluations. In these 
comparisons, consideration should be given to comparing the potential increased risk to 

workers from aU-specific remediation activities with the risk reduction for the hypothetical 
wac floodplain receptor . 
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5.1.1 Scope 

The hypotheticaJ WOC floodplain resident was selected for evaluation under a no-action 
scenario based on the site conceptual model, EPA guidance. and the objective of the PHHE. 
The objective of the PHHE was to determine the potentiaJ threat to a hypothetical WOC 
floodplain resident receptor to 

• assess the ne--...d for remedial action to control migration of contaminants from WAG 1, 

• assess the need for remedial action for WOC floodplain soils, 

• provide a basis for comparison with other ORNL WAGs, and 

• provide a basis for comparison with risk reduction estimates during WAG IOU-specific 
aJternative evaJuations. 

The site conceptual model assumes that groundwater flow (and associated contaminant 
movement) at WAG 1 eventually discharges to WOC before leaving the WAG. The location 
of the hypotheticaJ resident exposes him or her to any contaminants migrating off site from 
WAG 1 via warer pathways. 

As required by the NCP (EPA 1990a), effects on the receptor were evaluated under a 
no-action scenario, which assumed tha! DOE's turrent access restrictions for the WOC 
floodplain (Le., outside the WAG 1 fence) became ineffective immediately. Although this 
is an unrealistic assumption, it is required by the National Contingency Plant (EPA 1990a) . 
Both conservative and nonconserva!ive approaches were used to caJculatc a range of risk to 
the hypotheticaJ receptor. 

The Risk Assessment Guit1a.nce for Superju.rui, VolurTu 1: Hum.an Health Eval.u.aJion 
Manual (EPA 1989) and other EPA and ORNL guidance documents were used in preparing 
the PHHE. The PHHE consisted of four components: selection of contaminants of potential 
concern, exposure assessment, toxicity assessment, and risk characterization. 

5.1..2 Selection of Contaminants or Potential Concern 

Contaminants of potential concern were selected from surface water and soil samples 
taken under the Phase I RI. The PHHE included all soil and surface water samples taken in 
the WOC floodplain and reference samples taken from upgradient locations. Chemical and 
radioactive contaminants ofpotenti.a1 concern were selected bycxcluding contaminants (e.g .• 
they were narurally present in the environment, were below reference concentl"31.ions. were 
essential nutrients, or did not contribute significantly to risk). 

The selection process resulted in a Jist of 7 radioactive and 21 chemical contaminants 
(4 VOCs, 9 semivolatiJe organics, and 8 inorganics) of potential concern . 
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5.1.3 Exposure Assessment 

Because WAG 1 is on the ORR, all land around it is government-owned and there are 
no residents. Risks to the hypothetical resident were evaluated under a no-action scenario 
which assumed that DOE's current access restrictions at the WOC floodplain became 
ineffective irrunediately. Although this scenario is not reasonable because DOE plans to 
continue o~rating ORNL well into the future, it was used because a no-action scenario is 
required under the NCP. 

Conservative and nonconservative approaches were used to estimate 'a range of risk for 
the hypothetical receptor using exposure factors developed by ORNL (White 1992). The 
conservative approach used reasonable maximum exposure parameters, and the 
non conservative approach used average exposure parameters. 

Five potential pri.rn.ary exposure pathways were evaluated: 

• direct exposure to ionizing radiation from woe floodplain soils, 

• inhalation of paniculates, volatiles, and evaporated tritium, 

• ingestion of surface water for drinking, 

• incidental ingestion of woe floodplain soil, and 

• dennal contact with woe floodplain soil and surface Water (for chemical contamin.ants 
only). 

Secondary exposure p31hways (e.g. t eating vegetables grown in contaminated soil) were 
not evaluated because the initial assessment was that the total risk for primary p31hways alone 
would exceed the EPA action threshold of 10 x 10"". ' 

Except for inhalation, the specific concentrations of contaminants used to assess 
exposures were from environmental media samples collected during the Phase I Rl. For 
inhalation, modeling was used to estimate air concentrations of VOCs and evaporated tritium 
from surface water and particulate-bound contaminants from soils. 

5.1.4 Toxicity Assessment 

Toxicity values (slope factors and reference doses) were identified for contaminants of 
potential concern in surface water and soil for tile ingestion, external exposure, and inhalation 
pathways. Toxicity values were identified for all seven of the potential radioactive 
contaminants of concern. Seven of the nine semivolative organic and two of the eight 
inorganic contaminants of potential concern did not have toxicity values and were not 
considered further in the evaluation. All of theradioac:tive and seven of the chemical 
contaminants of potential concern are classified as known or probable human carcinogens. 
Nine of the chemical contaminants of potential concern are classified as noncarcinogens . 
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5.1.5 Risk Characterization 

5.1.5.1 Risk from radioactive contaminants of potential concern 

Risks from radioactive contaminants of potenual concern for the nonconservative and 
conservative approaches were 4.0 x 10-« and 3.8 x 10.1 , respectively. Both of these exceed 
the upper limit of EPA's target risk: range (10""). External exposure is the dominant pathway 
(approximately 99 % of the total risk from radioactive contaminants of potential. concern). 
The risk due to external exposure was calculated two ways, one using the radionuclide
specific RI sampling data and the other using dose measurements from the USRADS 
walkover survey. The results from both methods were within the same order of magnirude. 
Cesium·137 and daughter were responsible for the majority of the risk from direct exposure. 

The risk from ingestion of drinking water also exceeded the upper end of EPA's risk 
range (10""). Radium-228. strontium-90, and daughters were the major contributors to this 
risk. 

5.1.5.2 Risk from chemical contaminants of potential concern 

Carcinogenic risks from chemica1contaminants of potential concern for the conservative 
and nonconservative approaches were 1.9 x 10·$ and 8.1 x 10'7, respectively. These risks 
do not exceed the upper limit of the EPA's target risk range (10-4), but for the conservative 
approach, they do exceed the lower limit (l~). Ingestion of surface water was the primary 
pathway for the conservative exposure assumptions (approximately 84 % of the total risk from 
chemical contaminants of potential concern). p-Dioxane and dichlorobromomethane were the 
primary contributors to carcinogenic risk for ingestion of surface water (conservative 
approach). 

Only ingestion of surface water using the conservative approach resulted in a 
noncarcinogenic hazard index greater than 1. The hazard index for this pathway was 2.3; 
the volatile organic pyridine was the only chemical with a hazard index greater than 1 (1.9). 
Py!idine produces adverse effects on the liver. 

5.1.6 Identification or Uncutainties 

.. Each step of the PHHE (seJection of contaminants of potential concern, exposure 
assessment, toxicity assessment. and risk characterization) contributes uncertainty to the fmal 
risk estimates. Uncertainties were addressed qualitatively. The individual sources of 
uncertainty were discussed and categorized regarding whether they have the potential to 
overestimate risk, underestimate risk, Of both. Qualitative assessments are also made as to 
the effea of each uncertainty on meeting the objectives of the PHHE. Given this uncertainty. 
the risk estimates should not be taken as an absolute indiC310r of whether adverse health 
effects could occur. Rather, they should be used as a gauge for the need for remedial action, 
as a means for comparison with other WAGs, and for future comparison in the alternatives 
assessment process to evaluate risk reduction . 
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5.2 EJ",'VIRONT\-fEl\'TAL EVALUATION 

Relying on a combination of BMAP studies. and data collected during the Phase I RI. the 
EE demonstrated that there is a present or potential risk of detrimental effects to the 
environment in the absence of any remediation at WAG 1. 

Data from BMAP studies indicated that surface waters have elevated levels of metals and 
elevated temperatures. Most of Fifth Creek and the middle section of WOC receive 
substantial inputs of chlorine and other toxicants. Studies on biola reponed that benthic 
macro invertebrate. periphyton. and fish populations all appear to be impacted by ORNL 
operalions. In addition, both waterfowl and groundhogs collected from WAG 1 had high 
tissue concentrations of radionuclides. 

Concentralions of contaminants detected during Phase I were compared with the 
NAWQC for surface water and with RCRA action levels (EPA 1990b) for soils and 
sediments to determine the initial list of contaminants of potential concern. The reference 
levels and known toxicity were then considered in further reducing the number of 
contaminants. Of the nonradiological contaminants, mercury and PCBs are likely to cause 
adverse effects to aquatic species and piscivorous animals. Several contaminants [cadmium, 
chromium, lead, copper, aluminum, silver, and bis(2-ethyl-hexyl)phthalate] are likely to 
cause adverse effects to aquatic species, but infonnation was generally insufficient to assess 
their potential for detrimental effects to terrestrial species. Although beryllium and antimony· 
are present in concentrations that might pose a hazard to biota, there is insufficient toxicity 
information on their effects to nonhuman species to evaluate their pOtential effects on WAG 
1 biota. 

Regulatory guidelines for radionuclides for the protection of environmental receptors are 
lacking, and infonnation on radiation effects in the narural environment on WAG 1 species 
is limited, thus.precluding an assessment of their specific effects. However, on the basis of 
BMAP studies that reported deposition in body tissues and the high concentration .of 
radionuclides in WAG 1, it is likely thal some detrimental effects are occurring at Jeast to 
individual inhabitant species. 

5.3 HAZARD SCREENING INDEX 

A methodology for calculating the relative hazard of the OUs in WAG 1 was derived . 
from EPA's rHRS (EPA 199Oc). The HSI is one of two factors used in the prioritization of 
OUs (the other is a qualitative assessment of exposure potential) in the OUSD. Modifications 
were made to enhance the differentiation of OUs relative to con ce ntrali on , toxicity. and 
quantity of contaminated material present. 

5.3.1 Method 

The HSI is the product of a concentration-weighted toxicity factor and a waste quantity 
factor; this is iJlustraIed by the following equation: '-
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HSI = CWTF x WQF 

where 

HSI 
CWTF 
WQF 

= 
= 
= 

hazard screening index 
concentration-weighted toxicity factor 
waste quantity factor 

The CWTF is the summation of the individual CWTF values for each hazardous 
constituent that exceeds its risk-based benchmark concentration for a given medium. The 
benchmark against which all concentrations are compared corresponds to a lQ-4 individual 
cancer risk for carcinogens or to the reference dose for noncarcinogens. To determine a 
CWTF, a toxicity value is assigned to each hazardous constituent within an au, as described 
in the rHRS. an the basis of the concentration of the constituent as reponed in the sampling 
data, the toxicity value is v.-eighted to give an individual CWTF value. Individual eWTF 
values are summed to determine the total CWTF for the au. 

The calculation of the WQF follows the methods discussed in the rHRS guidance. The 
WQF is based on the volume of contaminated materials associated with each au. Both 
chemical and radionuclide WQFs are calculated; the chemical and radionuc1ide WQFs are 
summed to give the total WQF for the au. 

5.3.2 Results 

The HSI values are used to establish a ranked order of aus. The higher the HSI score, 
the higher the ranking and associated hazard for that au. For the WAG 1 aus, the HSI 
score for the Gunite tanks (liquids and sludges) was the highest (1.72 X 10:0), followed by 
groundwater, surface impoundments (liquids and sludges), and steel tanks (liquids) with 
scores of 6.43 x 1017,4.02 X 1016

, and 2.47 X IOLS, respectively. The lowest score was 
for SWSA 2 (0). Values for the remaining OUs ranged from a low of 3.25 X lOS (pipeline 
discharges) to a high of 1.26 X 1013 (3000 watershed soils), 
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WAG 1 Burial Grounds - Data Summary 

Burial grounds at WAG 1 include SWSA 1, SWSA 2 (Site 4(03), Buried Waste 
at the Nonrad Water Treatment Site, Former Waste Pile Area, Abandoned Bum Pit, 
and the West End Dump Site. 

• SWSA 1 is contaminated with unknown radionuclides and unidentified chemical 
constituents. The presence of drummed waste is suspected on the basis geophysical 
survey data and radiological contamination of groundwater exists near SWSA 1. 

• SWSA 2 is reported to contain no waste. However, geophysical surveys suggest the 
presence of isolated metalic objects buried at the site. 

• Buried waste was discovered during construction activities at the Nonrad Water 
Treatment Site. Excavated materials included general construction debris, glass 
bottles, transite, carbon blocks, and metal shavings. Some lead-contaminated soil 
was removed from the site. Personal reports suggest that additional buried waste 
exists at the site. 

• The Former Waste Pile Area was used for disposal of waste from construction 
operations and as a soil borrow area. Exact dimensions and capacity of this area 
are not known. . 

• Little information is available for the West End Dumpsite and the Abandoned Bum 
Pit sites . 
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DATA SUMMARY SHEET FOR WASTE AREA GROUPING 1 
CERCLA Status: 

Waste Unit 
Deacrlptlon 

SWSA1 

SWSA2 

west End DuI11> SIte 

Abandoned Bum PI 

Former Waste Pile Area 

Burled Weste aI Nonrad 

Water Treatment Site 

UnHTypee: 

B .. Building 
T .. Tank 

A- Reactor 
p .. PIpeRne 

DO .. D&O Facility 

BW • Burled Weste 

I .. II11>oUndment 
cs .. ContamInated SolI 

Unit 
TylMt_ 

BW 

BW 

BW 

BW 

BW 

BW 

o CG .. Contaminated Groundwater 
o CW .. Contaminated SUrfaoe Waler 

o 
i'0 Notes: 

Sizel 
Status Capacity 

I -1 acre 

I 3.6 acres 

I 10'x8' 

I Not Avalable 

I 1.58 acres 

I Not Avalable 

SlIItue: 

A= AcIIII8 
T .. Tl1lnsllon 

I .. InadI\/e 

A '" Aemedlaled 

Ownership 

EMEF 

EMEF 

EMEF 

EMEF 

EMEF 

EMEF 

OWnership: 

(See 

Attachment 1 ) 

Waste 
Forms 

SdWJSB 

SdWJSB 

SdWJSB 

SdWJSB 

SdWJSB 

SdWJSB 

~ 1. Potential Alsk Is lor WAG 1 In genel1ll end not apectIIc 10 tha burial grounds 

W 2. Waste Inventory altha Abandoned Bum PI. suapeded. not oonllrmed. 

• 
Inventory 

0 

~ ~ 

X 

X 

We ... Forme: 

G=Gas 

GW .. Groundwater 

SW .. Surface Weter 

SO .. Sediment 

SL = Sludge 
SS .. Surface SoIl 

SB = Subsurface SoIl 
L = Liquid 

SdW '" Solid Waste 

m 
(.) 
D.. 

CI 
::I: 

"Other: 
VOA 

Metals 

• 
Potential Risk (note 1) 

Contaminant Hydrologic 
Releases Model Human Ecological 

III 

j f ... i Q) ... 
iii Q) (.) 

D.. ;: i 1: .50! 1:: 
Q) Q) 8' i 1: 1: .... !il E ~ ~ 

! ~ ; Q) 
't: :::J 

'i ! 
c :::J 

B :::J e ~ ~ :::J 'S :::J 'S en C!) en (.) u. (.) u. 

X Q Q Q Q Q Q Q Gil 

X NA Q Q 0 Q Q Q Q 

X 0 0 0 0 0 0 

X 0 0 0 0 0 0 

X 0 0 Q 0 Q Q Q Q 

X 0 0 0 0 {i ., 
Well Defined: • 

Partially Defined: (il 

Not Defined: 0 
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Bethel Valley RifFS Historical Data Revlew . ~ iJlJil ~ Doe~ntReYI~~ ~ ~~ 

FonnCOf11'letedby: =~": c:s~ 
Date: Doc 10: <IS £ () - (l, "S2. I 

~ Amhor!Dme: ~ ~ 
Cmnrnenb: ~~-~tL~= 

WAG Description of Study 

General: 
NA", Not Available 
NR '" Not Researched 
(blank) = Unknown 

Waste Unit Characterls!lcs: 
type? 
status? 

Waste Waste Unit 

Unit Characteristics 

Sampling Media: 
surface soli 
subsurface soli 
surface water 
groundwater 
seep or spring 
sediment 
waste 
biota 

Sampling locatfons: 
Ust specific locations If possible. 

Sampling 

Dates I Media 

Sampling Protocol: 
G=grab 
SG :: storm flow grab 
8G .. baseflow grab 
Fe .. flow composite 
SC = spatial composite 
V :: vertical profile 
S :: site survey 

otherwise, Indicate scope of sompOng effort. 

Sampling Analytical 

Locations I Protocol 

Analytical Fractfon: 
I - Inorganlcs 
O.Organics 
P = PCBs/Pesticides/Herbicides 
GR - gross alpha/beta 
ISO = isotopic rods 
B/G = beta/gamma survey 
FLD - field measurements 

Confidence: 
H=High 

Fraction 

Decision Quality or 

Rule(s) Confidence 

Decision Rule / Hypothesis 
1 • Source characteristics 
lA = design/operation 
1 B -leachate 
1 C = waste Inventory 
10 '" waste unit hydrology 
1 E = other FS information 

2 • Current releases 
2A = shaDow groundwater. seeps 
2B :: deep groundwater 
2C .5011 around waste units 
20", sediment 

o size/capacity? 
o ownership? 

M .. Medlum 
L-Low 

2E '" cummulatlve .. Integration point 
3 • CUrrent risk 
4 • Modeling for future risk: 
3N4A:: human health risk 
38/48:: ecological risk 

o 
l'V 
-.J 
CJ1 
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Bethel Volley RifFS Hi$torical Data Review 

II ~ ~. (J Document Reviewed: 
Form Completed bY:fl4 ~ -. 

Dafe:~ Doc ID: ~AiB /tz..2fpZI~ 
Author/Dafe: ~_l -, 

Commenb: ______________________________________________________________________ __ 

WAG Description of Study 

I &tv 

L--. ____ . 

General: 
NA .. Not Available 
NR .. Not Researched 
(blank) .. Unknown 

Waste Unit Characterlstlct: 
type? 
status? 
size/ capacity? 
ownership? 

Waste 

. Unit 

~~. 
(" ., ... 

Sampling Media: 
surface soil 
subsurface sOil 
surface water 
groundwater 
seep or spring 
sediment 
waste 
biota 

Waste Unit 

Characteristics 

Sampling Locatfon.: 
list specific locations If possible. 

Sampling 

Dates Media 
. ....,.." (j,{,...) .. 

.. 

Sampling Protocol: 
G=grab 
SG .. stormflow grab 
BG .. boseflow grab 
FC .. flow composite 
SC .. spatial composite 
V .. vertical profile 
S .. site survey 

Otherwise. Indicate scope of sompOng effort. 

Sampling 

Locations Protocol 

1/.AJlLLl·4 
1,,1/ 

1"';.#1' , .. / 

Analytical FracHon: 
I .. Inorganlcs 
0 .. Organics 

Analytical 

Fraction 
1'50 
Lf;)4) 

"u 

p .. PCBs/Pesticides/Herbicides 
GR .. gross alpha/beta 
ISO .. Isotopic rods 
BIG .. beta/gamma survey 
flO .. field measurements 

Confidence: 
H=Hlgh 
M .. Medlum 
l=low 

Decision Quality or 

Rule(s) Confidence 
c.- .... A.f 

L.,rt 
L -;4'\ 

Decision Rule, Hypolhesll 
1 • SOurce charoc'erlsHcI 
lA .. design/operation 
1 B .. leachate 
1 C .. waste Inventory 
10 .. waste unit hydrology 
1 E .. other FS Information 

2 • Current releasel 
2A .. shaDow groundwater, seeps 
28", deep groundwater 
2C .. soD around woste units 
20 .. sediment 
2E = cummulatlve @ Integration point 

3 • Current risk 
4 • Modeling for future risk 
3N.4A = human health risk 
39/4B = ecological risk 
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Bethel Valley RifFS Historical Data Review 

i ~ Document Reviewed: 
Form Completed by: I.A . I A, fJ 

Date: f:;-~ ~ . /J.L- AUth~~:t~; ~k .tf2'1 
Comments: ~? u..o ~ 

, I, 

WAG Description of Study 

I i.....:;;:,.I}~1 
( ~..A,.)SA-l- /\ J 

/ I~ /1fu,ff fa; 
/ JII ... ?GJI hAfl 
, ~- :;::;"AL- lJf7 

I 

General: 
NA = Not Availabla 
NR .. Not Researched 
(blank) .. Unknown 

Waste Unit Characteristics: 
type? 
status? 
size/capacity? 
ownership? 

Waste Waste Unit 

Unit Ch aracteristics 

6w 7':i:AJ.A<. t-A1L 
• ). #1,_ j 4-. 
.If 

_iI .. 

Sampling Media: 
surfaca soil 
subsurfaca soil 
surface water 
groundwater 
seep or spring 
sediment 
waste 
biota 

Sampling locations: 

~_AA tt'_p 

List specific locations if possible. 

Sampling 

Dates Media 

Sampling Protocol: 
G .. grab 
5G = stormflow grab 
BG baseflow grab 
FC flow composite 
5C = spatial composite 
V = vertical profile 
5 = site survey 

Otharwise, indicate scope of sampling effort. 

Sampling Analytical 

Locations Protocol 

Analytical Fraction: 
I .. Inorganics 
o Organics 
P .. PCBs/Pesticides/Herbicides 
GR = gross elpha/bete 
150 .. isotopic rads 
B/G = beta/gamma survey 
FLO .. field measurements 

Confidence: 
H = High 
M = Medium 
L .. Low 

Fraction 

Decision Quality or 

Rule(s) Confidence 

Decision Rule I Hypothesis 
1 = Source characteristics 

1 A .. design/operation 
1 B .. leachata 
lC .. waste inventory 
10 = waste un'it hydrology 
1 E = other FS information 

2 = Current releases 
2A = shallow groundwater, seeps 
2B .. deep groundwater 
2C .. soil eround waste units 
20 = sediment 
2E = cummuletive @ integration point 

3 = Current risk 
4 = Modeling for future risk 

3Af4A human health risk 
3B/4B ecological risk 
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Site Characterization Summary Report for Waste Area Grouping 1 at Oak Ridge National 
Laboratory, Oak Ridge, Tennessee (Volumes 1-5) DOE/OR-I043NI&Dl, September 
1992. 

Remedial Investigation Work Plan for the Groundwater Operable Unit at Oak Ridge 
National lAboratory, Oak Ridge, Tennessee, DOE/ORlOl-1252&Dl. March 1994. 

Site Descriptions of the Environmental Restoration Units at Oak Ridge National 
lAboratory, Oak Ridge, Tennessee. ORNLIER-391, February 1997. 

Surveillance and Maintenance Plan for Waste Area Groupings at Oak Ridge National 
lAboratory, Oak Ridge, Tennessee, for FY 1993-2002. ORNLIER-39, December 1992. 

Annual Summary Report on the Surveillance and Maintenance Activities for the Oak Ridge 
National lAboratory Environmental Restoration Program for Fiscal Year 1995. 
ORNLIER-345. November 1995. ' 
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UNIT NAME: Solid Waste Storage Area (SWSA) 1 - (2624) 

Unit Number: 

Project Status: Remedial Investigation completed (Bechtel et a11992) 

Unit Location: SWSA 1 is located in Bethel Valley at the foot of Haw Ridge, and the closest edge is - 25.0 ft (7.6 m) 
south of White Oak Creek. ORNL grid coordinates are N 20,980 ft and E 30,710 ft. (ORNL 1990) 

Approximate Dimensions and Capacity: The site is triangular in shape and encompasses - 1 acre (0.4 ha). It is fenced 
and grassed. (ORNL 1990) 

Dates Operated: Site commissioned: 1943. Taken out of service: 1944. (ORNL 1990) 

Present Function: Not in operation. 

Life Cycle Operation: SWSA J was the first area used for burial of low-level solid wastes. (ORNL 1990). 
Contaminated solid wastes were buried in SWSA 1 in trenches using earthen cover. (Bechtel et aI1992) 

Waste Characteristics: The burial ground is contaminated with unknown radionuclides and unidentified chemical 
constituents. Only a small amount (2,000 - 4,000 Ci) of solid radioactive waste was buried in SWSA i ~ (ORNL 1990) 

In 1987 a surface radiological investigation ofSWSA 1 was conducted by ORNL. Results from this survey show that 
most of the surface gamma radiation of SWSA 1 is due to radiation emanating from nearby White Oak Creek. 
Measurements of gamma levels determined that exposure rates at the surface were generally elevated above typical ORR 
background values (13 uRlh), ranging from 20 to 200 uRlh. (ORNL 1990) 

Results of the 1992 WAG I Site Characterization Summary Report indicate elevated groundwater .concentrations of 
strontium-90, and radium-22S, very low levels ofplutonium-23812391240, and cesium-l37 in proximity to SWSA l. 
Soil samples were contaminated with CS-137 significantly above reference. (Bechtel et al 1992) 

Release Data: The burial ground lies within the pathway of surface water drainage from Haw Ridge to White Oak 
Creek, causing marshes to develop in the topographically low portions of the area following periods of heavy rains and 
wet seasons. (Bechtel et al (992). Groundwater movement in the area is to White Oak Creek and is, therefore, 
monitored via the ORNL Stream Monitoring System. Monitoring activity in 1973 (when water samples were taken from 
two monitoring wells and a surface seep) indicated a low concentration of Sr-90. In 1975, water samples were taken 
from 1:wo wells and a surface seep and analyzed for Sr-90, Cs-137, and transuranic elements. The results from one well 
indicated low concentrations ofSr-90 (9.4 dpmlmL) and no indication ofCs-137 or transuranic elements. (ORNL 1990) 

Site Status: CERCLA (ORNL 1990) 

Media of Concern: Groundwater 

Comments: This site was included in a CERCLA remedial investigation (Bechtel et aI 1992) and will be remediated 
in accordance with the FF A. 

References: 
Bechtel National, Inc'/CH2M HiIIlOgden/Peer, September 1992. Site Characterization Summary Report for Waste 

Area Grouping I at Oak Ridge National Laboratory, DOE/OR-I 043N I & D I, Oak Ridge, Tennessee. 
FFA. effective date January I, 1992. EPA, DOE and TDEC, Federal Facility Agreement for the Oak Ridge 

Reservation. DOE/OR-I 0 14. Appendix C (updated February 13, 1996), Oak ,Ridge, Tennessee. 
Oak Ridge National Laboratory. September 1990. Contaminated Site Summary Sheet, Oak Ridge, Tennessee . 
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A1.1 Solid Waste Storage Area 1 

1. SITE NAME: Solid Waste Storage Area 1 (2624). 

2. LOCATION: SWSA 1 is located in BV at the foot of Haw Ridge, approximately 25 ft 
south of WOC and is bisected by the south portion of Third Street. ORNL grid 
coordinates are N 20,980 and E 30.710. 

3. SERVICE DATES: 1943 to 1944, with the earliest recorded waste burial being in April 
and May 1943. 

4. STA11JS: Inactive: controlled by WMRAD (L. Holder, Jr.). 

5. DESCRIPTION: 

(a) Operating History-SWSA 1 began operating in 1943. Both auger holes and 
trenches were reportedly used for waste burial. No records exist concerning what 
was buried at SWSA 1 nor the exact locations where burial occurred. However. it 
is suspected that only a relatively small amount of radioactivity (2000 to 4000 Ci) was 
buried here since fissionable material was conserved during this period and ORNL 
operations did not include isotope separation and concentration during its use .. 

(b) Physical Description-The site is triangular in shape and encompasses approximately 
1 acre. The portion south of Third Street slopes upward, while the northern section 
is relatively flat and seasonally marshy. It appears that the specific location was 
selected primarily on the basis of its proximity to the' Laboratory with no 
consideration of the potential of waste lealcing into nearby WOe. Groundwater 
occurs below the site at a comparatively shallow depth and, according to water table 
contour maps, moves in the general direction of wac. This water is monitored via 
the ORNL Stream Monitoring System. 

(c) Current Condition-The site is now grassed, surrounded by a barbed wire fence with 
"Radiation Hazard-Keep Out" signs at regular intervals and does not show signs of 
unusual erosion. No subsided trenches have been discovered at the site. 

(d) Radiological Hazards-No surface contamination or radiation fields significant 
enough to warrant a "contamination" or "radiation" zone, per the ORNL Health 
Physics Manual, have been discovered at SWSA 1. The radionuclide inventory is 

. reported to be in the range of 2000 to 4000 Ci, as discussed above. 

6. SECURrrYJPROTECTION SYSTEMS: Although located in BV, SWSA 1 is outside 
the main ORNL complex. It is accessible via Lagoon Road and Third Street and during 
nonworking hours is part of the ORNL limited access area. It is surrounded by a barbed 
wire fence with "Radiation Hazard-Keep Out" signs at regular intervals. 

7. SUR VEILLAN CE ACTIVITIES: See Table A 1.1-1 for details of surveillance activities. 

8. ROUTINE MAIN1ENANCE: See Table A 1.1-2 for details of maintenance activities . 
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2. 

3. 

4. 

S. 

• 
Table AI.I-1. Surveillance activitics-SWSA I 

Activity Frequency 

Routine site inspection Weekly 

Radiologicat surveillance 

(a) Surveys for grounds maintenance ~ required 

(b) Routine radiation survey Semiannual 

Groundwater well sampling Semiannual 

Surrace water monitoring Continuous 

Security patrol Daily 

"WMRAD = Waste Management and Remedial Action Division. 
bS&M = surveillance and maintenance. 
rwhly = work-hours per year. 
JEHP = Environmental and Health Protection. 

Responsibility 

WMRAD" 

EHpJ 

EHP 

EHP 

EHP 

LP' 

'Costs are Included In ORNL overhead charges. No WAG S&M funding is required. 
fWOCC = Waste Operations Control Center. 
tLP = Laboratory Protection. 

Documentation 

S&M checklist" 

Radiation Protection data 
base 

Radiation Protection data 
base 

Environmental Moniluring 
dala base 

WOCC data basel' 

Daily security report 

• 

Starring! 
resource 

requirements 

20U whit 

15 whly" 

45 whly 

e 
1-...) 
\0 

e 

e 
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Tahle A1.l-2. Maintenance activities-SWSA t 

Activity Frequency Responsibility 

1. Routine maintenance 

(a) Vegetation maintenance 

(b) "Fence/gate repairs 

As required 

As required 

"WMRAD = Waste Management and Remedial Action Division. 
"P&E = Plant and Equipment. 
tS&M = surveillance and maintenance. 
<iwhly = work-hours per year. 

WMRADIP&E,,·b 

WMRADIP&E 

Documentation 

S&M lot 

• 

Staffing! 
resource 

requirements 

280 whly'l 

'50 whly 
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UNIT NAME: Solid Waste Storage Area (SWSA) 2 ~ (4003) 

Unit Number: 01.47 

Project Status: Remedial Investigation Completed (Bechtel et al 1992) 

Unit Location: SWSA 2 is located on the south side ofa hill near, the east entrance and main parking area ofOIq-JL, 
northwest of Building 4500. ORNL grid coordinates are N 22,420 ft and E 32,310 ft. (ORNL 1990) 

Approximate Dimensions and Capacity: The disposal area is a rectangular area of - 3.6 acres (1.4 hal. It is currently 
unfenced and has a grass cover. (ORNL 1990) 

Dates Operated: Site commissioned: 1944. Taken out of service: 1946. (ORNL 1990) 

Present Function: Not in operation. 

Life Cycle Operation: The area was used for disposal of solid waste contaminated with beta or gamma activity, liquid 
waste contaminated with plutonium in stainless steel drums, and alpha-contaminated material from off-site locations. 
(Bechtel et al 1992) 

Waste Characteristics: The burial site is reported to contain no waste. The burial waste and contaminated soil were 
moved to another site (SWSA 3) some time after the site was closed in 1946. There have been unsubstantiated reports 
that some wastes remain buried at the site. (Bechtel et al 1992) 

Release Data: No significant migration of radionuclides has taken place from SWSA 2. Coring was conducted in 1976 
on the site as a part of subsurface investigations for a new building .. Analysis of these ?amples indicated that the soil 
and water from 25 locations around the site did not contain concentrations of tritium. gross beta. or gross alpha levels 
that were significantly higher than background samples collected throughout eastern and central Tennessee. (ORNL 
1990) 

Site Status: CERCLA (ORNL 1990) 

Media of Concern: 

Comments: This site was included ih a CERCLA remedial investigation (Bechtel et al 1992) and will be remediated 
in accordance with the FF A. 

References: 
Bechtel National, Inc./CH2M HiIVOgden/Peer. September 1992. Site Characterization Summary Report for Waste 

Area Grouping I at Oak Ridge National Laboratory, OOElOR-1043N I & 01, Oak Ridge, Tennessee. 
FFA, effective date January 1, 1992. EPA, OOE and TOEC, Federal Facility Agreement/or the Oak Ridge 

Reservation. OOE/OR-IOI4, Appendix C (updated February 13, 1996), Oak Ridge, Tennessee. 
Oak Ridge National Laboratory, September 1990. Contaminated Site Summary Sheet, Oak Ridge, Tennessee. 

Date Prepared: December 1996 

Photo: 06_22,JPG; 06_23.JPG; 26_08,JPG 
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Al.2 Solid Waste Storage Area 2 

1. SITE NAME: Solid Waste Storage Area 2. 

2. LOCATION: SWSA 2 is located on the south side of a hill near the east entrance and 
main parking area of the Laboratory, northwest of Bldg. 4500. 200 ft north of Central 

. Avenue and 135 ft west of 5th Street. ORNL grid coordinates are N 22.500 and 
E 32,500. An access road to a transformer station passes through the northwest corner 
of the SWSA 

3. SERVICE DATES: 1944 to 1946. 

4. STATUS: Inactive; controlled by WMRAD (L. Holder, Jr.). 

5. DESCRIPTION: 

(a) Operating History-SWSA 2 was opened shortly after the closing of SWSA 1 in 
1944. The area was selected because of its proximity to the OGR and processing 
facilities to provide easier, all-weather access to the burial ground. There are no 
available records documenting the quantity or type of waste disposed of in SWSA 2. 
However, it has been established that beta- and gamma-contaminated solid waste was 
placed in black iron drums and buried in trenches. In addition, liquid waste 
contaminated with plutonium was placed in stainless steel drums and either buried 
in trenches or stored above ground in a ravine in the denuded siope. SWSA 2 was 
closed in 1946 when it was detennined that it was not compatible with the long-range 
land-use planning at ORNL. Following closure of SWSA 2, the stainless steel drums 
containing the plutonium-contaminated liquid waste were removed and transferred 
10 SWSA 3, but the iron drums containing beta- and gamma-contaminated solid 
waste had deteriorated. Because of this condition, the drums and surrounding soil 
in SWSA 2 were removed and reburied in SWSA 3. Sometime during the period 
1946-1949, the hillside of SWSA 2 was bulldozed, contoured, and seeded. 

(b) Physical Description-The site is rectangular in shape, 300 ft x 650 ft (3.5 acres). 

(c) Current Condition-The site is currently unfenced with a grass cover that has 
stabilized the soil. To further reduce erosion, a contour ditch was installed to direct 
runoff from points above the burial ground around the hillside without crossing the 

- trench area. Surface water runoff from within the site is carried by another ditch to 
the storm sewer system. 

(d) Radiological Hazards-In 1977, core samples were taken at various points in SWSA 2 
and water samples taken from the core holes. Soil was analyzed for uranium, 
plutonium, and 137Cs; the results indicated lower levels than samples coll~cted in 
1976 from 16 sites throughout eastern and central Tennessee. Likewise, water 
samples that were analyzed for tritium, gross alpha, and gross beta activity had levels 
not significantly different from background samples . 
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6. SECURITYIPROTECTION SYSTEMS: SWSA 2 is within the ORNL BV secured area. 
Because historical accounts and environmental sampling efforts confirm that waste buried 
in SWSA 2 has been removed. no boundary fence or warning signs exist at this site. 

7. SURVEILLANCE ACTIVITIES: No surveillance activities are conducted at SWSA 2 
except routine monitoring well sampling and analysis as part of the ORNLIRAP WAG 1 
monitoring effort funded by ORNL overhead. 

8. ROUTINE MAINTENANCE: Grass in a portion of SWSA 2 is kept mowed because 
of an overhead power line. No additional site maintenance is required. 

9. ANTICIPATED REPAIRSIIMPROVEMENTS: SWSA 2 is not anticipated to require 
any significant repairs or improvements. 

10. COST AND SCHEDULE: 

(a) Annualized costs 

None anticipated. 

(b) Projected resource requirements 

None anticipated . 
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2-205 

UNIT NAME: Former Waste Pile Area (South ofNRWTP) 

Unit Number: 01.58 

Project Status: Remedial Investigation completed. (Bechtel et al 1992) 

Unit Location: Directly south of the site of the Nonradiological Wastewater Treatment Plant. Approximate ORNL grid . 
coordinates are N 20,780 ft and E 31,250 ft. (ORNL 1990) 

Approximate Dimensions and Capacity: Irregularly shaped area of -1.58 acres. (Bechtel et al 1992) 

Dates Operated: Unknown. (ORNL 1990) 

Present Function: Not in operation. 

Life Cycle Operation: Apparently used for disposal of waste from construction operations and as a soil borrow area. 
(Bechtel et al 1992). May be an extension ofSWMU 01.57 NonradioJogical Wastewater Treatment Plant Site. (ORNL 
1990) 

Waste Characteristics: Construction trash and debris. (ORNL 1990) 

Relea.se Data: No releases reported. (ORNL 1990) 

Site Status: CERCLA (ORNL ! 990) 

Media of Concern: 

Comments: This site was included in a CERLCA remedial investigation (Bechtel et al 1992) and will be remediated 
in accordance with the FF A. 

References: 
Bechtel National, Inc.lCH2M HillIOgdenlPeer, September 1992. Site Characterization Summary Report/or 

Waste Area Grouping J at Oak Ridge National Laboratory, DOEIOR-I043NI & OJ, Oak Ridge, Tennessee. 
FF A, effective date January I, 1992. EPA, DOE and TDEC, Federal Facility Agreement for the Oak Ridge 
/}eservalion. DOE/OR-IOI4, Appendix C (updated February 13, 1996), Oak Ridge, Tennessee. 
Oak Ridge National Laboratory, September 1990. Contaminated Site Summary Sheet, Oak Ridge, Tennessee. 

Date Prepared: December 1996 

Photo: 13_0I.IPG; 13_02.JPG 
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UNIT NAME: West End Dump Site 

Unit Number: 0.61 

Project Status: No planned activities. 

Unit Location: Wooded area approximately 300 ft west of Building 1061. ORNL grid coordinates E 28180 ft and N 
22330 ft. (ORNL 1990) 

Approximate Dimensions and Capacity: 10 ft by 8 ft. (ORNL 1990) 

Dates Operated: Unknown, not active at present. (ORNL 1990) 

Present Function: Not in use. (ORNL 1990) 

Life Cycle Operation: Not applicable. 

Waste Characteristics: This area has several mounds of debris consisting of: rusted drums, a garbage can, different 
size drums (30 gal, 5 gal, etc.), tile, old porcelain fixtures, metal, galvanized, pipe, brick, possible tar buckets, 
incandescent light bulbs (base only), and asbestos. Part of the area is 'flagged off with tape stating: CAUTION: 
ASBESTOS· DO NOT ENTER. (ORNL 1990) 

Release Data: No~ applicable. 

Site Status: RCRA (ORNL 1990) 

Media of Concern: Surface water and groundwater. (ORNL 1990) 

Comments: Reference for the information appearing on the Contaminated Site Summary Sheet is Surveillance Record, 
Control Number ORNL·95·X II. 

A request has been made to analyze the debris for radioactive materials. hazardous waste constituents and PCBs. (ORNL 
1990) 

References: . 
FFA, effective date January I. 1992. EPA. DOE and TDEC, Federal Facility Agreement for the Oak Ridge 

Reservation. DOE/OR·l 0 14. Appendix C (updated February 13, 1996), Oak Ridge, Tennessee. 
Oak Ridge National Laboratory, September 1990. Contaminated Site Summary Sheet, Oak Ridge, Tennessee. 

Date Prepared: December 1996 

Photo: No Photo Available . 
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4-3 

UNIT NAME: Abandoned Bum Pit 

Unit Number: 0.01 

Project Status: No activity planned. 

Unit Location: Located north of WAG 17 on Chestnut Ridge Road in the area of the Sanitary Waste Compactor. 
ORNL grid coordinates N 23,100 ft and E 37,950 ft. (ORNL 1990) 

Approximate Dimensions and Capacity: No records of the exact dimensions exist. (ORNL 1990) 

Dates Operated: Approximately 1959 - 1969. (ORNL 1990) 

Present Function: Not in operation. 

Life Cycle Operation: The site was used to bum combustible trash during early operation of the laboratory. The pit 
where trash was burned has been backfilled. (ORNL 1990) 

Waste Characteristics: Wood, refuse, and combustible construction debris were burned in the pit. However. no 
records exist of the exact material burned. Reportedly, on two occasions laundry material contaminated with very low 
levels of radioactivity were burned in the pit. (ORNL 1990) 

Release .Data: There are no documented releases of hazardous or radioactive materials. However. sampling surveys 
reported elevated levels of Cd, Cu, Pb. and Zn. Cs-137 activity was detected.at 5-15 times background. 
(ORNL 1990) 

Site Status: CERCLA 

Media of Concern: Soil 

Comments: Previously designated as unit number OS-I. The Sanitary Waste Compactor is currently located at the site. 
(ORNL 1990) 

References: 
FFA. effective date January I, 1992. EPA, DOE and TDEC, Federal Facility Agreement for the Oak Ridge 

Reservation. DOE/OR-1014, Appendix C (updated February 13,1996). Oak Ridge. Tennessee. 
Oak Ridge National Laboratory, September 1990. Contaminated Site Summary Sheet, Oak Ridge. Tennessee. 

Date Prepared: December 1996 

Photo: 12_13.JPG 
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Chemical analysis of the sludge revealed barium at 693 mg/kg, cadmium at 26.4 mg/kg, 
chromium at 272 mg/kg, lead at 262 mg/kg, mercury at 21.9 mg/kg, and nickel at 65.0 
mg/kg. Section 4 describes these samples and reports the analytical results. 

3.5.3 Burial Grounds 

During early operations at ORNL (1943 to 1946), radioactive solid wastes were buried 
at two sites within the WAG 1 boundary, SWSA 1 and SWSA 2. Another site (called the 
fonner waste pile area) was used as a borrow pit and for disposal of non contaminated 
construction debris. The latter is included with WAG 1 although it lies just beyond the south 
WAG 1 boundary, east of SWSA 1 (Fig. 3.5.3), 

Geophysical surveys (Johnson and Wagner, 1991) were perfonned in these areas in 1990 
using electromagnetic (EM) terrain conductivity and ground magnetometer survey techniques 
to collect infonnation regarding buried waste that might be present at all three locations. 
These surveys are discussed inSect. 2.4, and the extent of the areas surveyed is shown in 
Fig. 2.4.1. 

3.5.3.1 SWSA 1 

SWSA 1 is a triangular area of approximately 1 acre 25 ft south of woe (Fig. 3.5.1). 
In 1944, contaminated solid wastes were buried in SWSA 1 in trenches using earthen cover. 
The area is fenced and covered with grass. The geophysical surveys indicated five discrete 
ar~ of possible buried solid wastes in SWSA' 1, all of which were located by the 
magnetometer survey and three of which were located by both the magnetometer and EM 
surveys (Fig. 3.5.14), Overhead power lines and the metal fence surrounding the area 
interfered with data coUection and may have masked additional areas of buried waste 
(Johnson and Wagner 1991). The feature on Fig. 3.5.14 shown as "interpreted underground 

. utility" (a straight line shown diagonally from southwest to southeast in the northwest portion 
of the WAG). is believed to be an abandoned section of LLLW pipeline that may have leaked 
·in ~e 1a¥ 19:5Qs, (Trabalb 1992). , '~-"",-.. ,,- ' ,. 

.... ·,~·:;t'!~,:;.",·" ••. _ .•.. -... , ~ .. ':~\"';.: . - : '.~~:~:: ::."':., '":' .. , .... : .... ~ ::: . '. ('- .. ::-...... 

3.5.3.2 SWSA 2 ' 
r',- ".,1 o&<~ ~,,,, ~~3".iV'q ~ruid t,::!o:.!::;v.:.E '_ zi.'~ ~~~~ .• .;.;; ~.:.!..w L..i;:'~"'';''';''' 
;,;.1'-P.1~~t~.~J~:I:.~~gU!ar,area of~proximateJy':l3.6acres nearth~'~m'-entran~ of 
.. ,_,ORNL,'adjacentto thcmain park:ingarea:(Fig.,,:3.5~3).~The;area'Was used-from 1944 uf . ' 
;';t:)~",-~:~~~j~9t~~ :soIid~Waste·:.witlvganuDa and :beta','aCt!\jtY;:,liqUi~ ;waste' 

.:--:. ,; ,l&~EO~!,!a..~J.~th.:P~~~ in"stainles~ steel'dninis:'::arid alpha~ntamin~~~rial from _, " , ... ~~-! ........ 
~i! C?t! s~~ ... l Th~.~~, ~C9.ntaminated 5011 reponcdlywcre' removed and te~uried ,in SWS~ 3, ' 

• 
~ 

1"" t"', some _ timeaftcr :1946, ~although there have been unsubstantiated reports ~ thafr sOme waste 
.·,~~.(niainiY~.~~e "~':'~ "vehicles) : remain buried ,at the site (Bates '1983)/'-;"The' site was . 

backfilled with clean soil and is covered with grass 'and unfenced (but it is within'the grealer 
.- fenced and secured PQrtion of the main plant area).-;:,The geophysical sUrYeys'indiC3ted 17 

diScrete anomalies, 9' of 'which correspond to locations marking a previous soil boring 
, prograin(Fig. 3.5.15). Magnetometer data indicated ferrous metal at 15 of the locations, 

and EM data identified the other 2 locations, neither of which correlated to the soil boring 
program. " 

Jt:\WAG1SCSISECTION3 

;. ~ 
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3.5.3.3 Fonner waste pile area 

The former waste pile area is an irregularly shaped area of approximately 1.58 acres 
located south of the nonradiological wastewater treattnent facility (Fig. 3.5.3). Interviews 
with ORNL staff indicate that the site was used as both a soil borrow area and a disposal area 
for construction debris (Nix 1989). Excavation for installation of a pipeline uncovered metal 
and glass containers, transite (asbestos), and miscellaneous metal piping and scrap. 

The geophysical (EM and magnetometer) surveys indicated four discrete anomalies 
(Fig. 3.5.16). One location was influenced by a large steel culvert pipe on the surface within 
the boundaries of the area; additional ferrous material may be buried east of the culvert pipe. 
Three buried pipelines were indicated in the northern comer of the area, two trending 
northwest to southeast, with another crossing the entire waste disposal area from southwest 
to northeast. One of the suspected pipelines in the northern comer correlates with the 
location of a double-walled, 2-in. stainless steel pipeline that connects tank W-33 near 
Building 2531 with the Melton Valley tanks (Binford and Om 1979). The other pipelines 
do not appear on the ORNL Atlas drawings (sheet 28) . 
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FACILITY CONTACT CHECKLIST 

Unit Name: Buried Waste at Nonrad Water Treatment Site 
SWMU Number: 1.57 

Facility Manger/Contact: Jay Story, 574-8769 

Date: 3131/97 - 4n /97 

Bill Alexander, 574-8770 
John Murphy, 576-7929 
Robert Dean, 574-7951 
David Drake, 241-3694 
Brad Patton, 576-0603 

Historic UselPurpose:·· Waste was excavated during the construction of Building 3608 (Nonrad Waste 
Water Treatment FaCility. 

Current Status: inactive 

Facility Fate: unknown 

Approximate Dimensions and Capacity: unknown 

Dates Operated: Construction occurred between 1988 and 1990. 

Waste Inventory/Characteristics: Undetermined quantities of metal shavings, carbon blocks, glass 
bottles, empty mercury flasks, transite. 

Known Releases: Soil sampling results showed lead contamination (analytical results may be available 
through John Murphy. Contaminated soil was removed. 

S&M Responsibilities: NA 

Database availability/contact: NA 

Comments: According to the sources contacted, it is suspected that not all of the buried waste has been 
excavated. Additional material (transite) was discovered during installation of telephone lines in 1996 ( 
personal communication with W. Alexander). Also, the Former Waste Pile A.I:ea (SWMU 1.58) is thought 
to be an extension of this area. 
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2.3.3.5 USRillS soil sampling 

The final phase of this investigation involved soil sampling at 41 locations representing 
all 4 categories of sampling locations (see Appendix A for sampling locations). Samples 
were collected in discrete 2-ft intervals using a truck-mounted drill rig, skid rig assembly, 
or hand auger. Borings were drilled or augered to auger refusal, the water table, an 
obstruction, or (in the case of hand augering) the practical limit of the method. Samples 
collected from each 2-ft interval were analyzed for Target Compound List (TCL) VOCs, 
radiological constiruents, metals, base/neutral/acid-extractable (BNAE) constituents, pesticides· 
and polychlorinated biphenyls (PCBs), and cyanide. 

Those samples collected with a drill rig or skid rig assembly were collected with a 2-ft 
stainless steel split spoon sampler. Continuous 2-ft intervals were sampled with dean 
samplers to auger refusal, and soil lithology and radiation field instrument readings were 
recorded. 

Hand augering was necessary when underground pipelines or utilities were thought to 
be present. The practical depth for most hand-augered boreholes was 6 to 8 ft. Samples 
were collected in clean stainless steel buckets from continuous 2-ft intervals. Descriptions 
of disturbed soil samples were recorded. Trip blanks, equipment rinsate samples, and 
duplicate samples were taken in accordance with the RIIFS Project Quality Assurance Plan. 

'" .2.4 "SURFACE GEOPHYSICAL SURVEYS 
<:0 

.' . ··2.4.1 . Scope 

.; - :' Electromagnetic (EM) terrain conductivity, and ground magnetometer surveys were 
perionned at SWSA 1, SWSA 2; 'and the former waSte pile area as part"of the WAG 1 RI 

t-::_~ (see Fig'.: 2.4.1) .. The ground magnetometer surVey detects buried 'objects cOntaining ferrous 
b::;.z..metal; ~ ,the, ,EM ; terrain . conductivity 'sUrvey' IoCates"low.:Qeilsii{arw' of 'distW:bed . soils 

':l,;" posSibiy tiiitiiliiirig1tiiiiie7d W2SteS~Both'methOds- weie~usCd because"iaCh<"aeteciS:-:different 
. physical properties;:whicll will :aid :iJf;ideiitirying ·tJlc·:natiire ... ·of ihe':.WaSte.;!I:Survey~data. 

methOds;: and reSUlts are iepoite'd in JolulSori 'and Wagner (1991); survey' results- ire-disai'ssCd 
:!::::r,,;;in~more'dCiail:in Seci.1!3:S'o{thisrepoit5-":Raw 'dati'-are"SiOr~ iD'ttic' p~Jict'~n.fuonriientil 

O· .... :""b - ·...,~il~; ..... ~r ... _~.-... :;::~,;: .......... i':;·";:':i;",~-,-_,,,·:·::..rd .• :::::ic';""'!'Ul.: ... ~:::,..=',,,-...,.t'I4i$""'\L"'~ ""'<'r""-~ "' ... ata· ase.-r ~<:-J"" ~, .. ~':"~.s.-~~"-""~~';;;"';;;"""""'''''''lo''''''''';f'\'' ~ .• -- .. """. "'~~:r"'~"""'" ...J ___ .&_c...;;:', 

and s~;~'~\" :7 .... ,~ . .:.:.:! . .:i:1~.:n ~.~;'.~:-::~:t;~."ih .. ".',.l_~·.:~ :.;~;,~,!:;:~~.,.".f'o~"',~ ~_"'''''''''~'':"''~1~'';'' 1. ~.I'"rJO<~ •. 
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6.5 ADDITIONAL 1 i"\'FORM A TION J'I."EEDS Ai"\'D l.JNCERT AIi"\'TIES 

There are a number of areas where additional information would contribute to a better 
understanding of the nature and extent of contamination or the fate and transport of 
contaminants. Addressing these topics would contribute to developing remedial action plans. 

6.5.1 Waste Unit Characterization 

6.5.1.6 SWSA 1 

-
The presence of drurruned waste buried in SWSA 1 is suspected on the basis of 

geophysical survey data. To support future remedial action decisions, sampling to identify 
the presence and nature of these wastes should be considered. Additional sampling of 
sediments and surface water in woe would be useful in the characterization of potential 
releases of contamination from SWSA 1. There is also radiological contamination in 
groundwater near SWSA 1. If contamination is leaching from SWSA 1, portions of it may 
become strata-bound and migrate downdip (southward). A deep bedrock well south of 
SWSA 1 on the slopes of Haw Ridge is needed to evaluate whether this is occurring. 

6.S.1.7 SWSA 2 

Anomalies detected during the geophysical survey of SWSA 2 suggest the presence of 
isolated metallic objects. Some anomalies correspond to the sites of former drilling. 
suggesting that drilling pipe remains in the hole. Other anomalies do not correlate with 
former investigation locations and could indicate the presence of metallic wastes. A limited 
invasive sampling effort should be considered because, in other respects, SWSA 2 is a 
candidate for a "No-further-Investigation" classification. 
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6.3 NATURE AND EXTEl"I-r OF COl\TAI,\llNATION 

6.3.1 Groundwater 

Several general areas of contamination were identified on the basis of results of the 
groundwater sampling program (see Fig. 4.3.26). Both radiological and chemical 
contaminants were identified in groundwater. The primary radionucIides found in 
groundwater at WAG 1 are strontium and tritium. Radionuclides found less frequently 
include radium-2261228, technetium-99, uranium-234, uranium-238, thorium-22812301232, 
plutonium-238 and plutonium-2391240, americium-241, cobalt-60, nickel-63, iron-55, and 
cesium-137. Promethium-147 was also detected, but results are suspect because of the 
probable misidentification of this radionuc1ide. 

There is evidence that strontium-90 is migrating from WAG 1 and seeping into First 
Creek. There is also limited evidence that some of this same plume may be underflowing 
First Creek and migrating westward. Other locations where groundwater may be impacting 
surface water quality are near the surface impoundments and near SWSA 1. Additional data 
are needed' in these areas to confum sources of contamination in surface water (see 
Sect. 6.5). 

The most widespread organic compounds found in groundwater at WAG 1 are TCE and 
its degradation products 1,2-DCE and vinyl chloride. Benzene, toluene, xylene, and 

" ethylbenze were found associated with a'buded 'petro.1~um storage tank near the steam plant 
(Building 2519). 'This tank has since been removed. 'The metals silver, cadmium, 
chromium, lead, and mercury (one s~ple) wer~ detecied at concentrations exceeding MCLs 
in unfilten:d groundwater samples from wells within 'and outside of WAG L" Cadmium, 

.,. .chromium, and lead, in excess of.~eU:.resPective M'CLS~'tend ~occur i:n the"sa..rne'wells. 
:.. ,Cadmium, the 'most widespread metal at C?levci!ed conCentrations: ex'ceedCd the MCL 21 the 
!r;': ~;; ~' 'be fI '.' thr h WAG l' .' ,:f! •. ': , .... \.. .-"~:;:::.:.. . . .largest num r 0 ocaUons oug out.. . : .:-:- ":'" _ :' ~'. :; ,,:: _ :, '. _ :':';: -' . . .:..::,,,.~ .. "'::.c":"'~.:. .. ·t •••• ' ...... ~.:.::!.:..:" .... ~ ... ! .. -" " .... :0 :'-'" r .. ;'·J.,,·.;~~t ·10 }!:.:::~:, ... ~ •. ~', .. ·Jf; ,.;:';":;",:J,./'.; 

., ...... , • .,. ~ f"""*"!,,,'"',,: .'! -..t''':"'''''~~1''''''I' .... ,..........-_", ·'-:=.:·r ..... ~.' .... " ¥-"*""I~ (.:J» " .... " ',',. ' •• 1 .. '· •• ~,~" • .....",..."..,. ..... .-o: ...... ':'~ 
M._ ... ·-:-- .. • ... i:~ \· .. 1 .... :"':-i:t'lo ~"'''',...~~J r·~·.:~~· ... -ll"".i:!!J,~,...;"'~·"'\·~""""~~ ... ·l:- .. ~_1 ... t\ ;:.>-.r...,... . .;;:;/~ •• " J"t~".!' ~~¥1.... .......... - • .!..f .::1 ..... 1 .. '6.3 l·~SOils ~r ~ :,.; .. ~. \ .. ~-:-\_~ --.\.,. _ .. J~~ .;:J}-IJJ ;.JQ"W~_~, 'It",; ~~.~~ "'--.~ 6; .. -, •• ;.~_.~~ .J:r'~:-J7 

': ... .;,.,.-~>-.. ~A~-.~-,· .. ~~~~G'.t"'l •. ~.. ..' • ~.~ .. ,.;..i.-." ... ~ .. ,;: ...... : .. -•. ~ .. " " .'.', '.' 
-.~ ..... 'l. .............. ,..~.~ ... J ..... ",1' .. :-• .... "f;fI r,r:r .• ,. .... _I""t .... • ~~",..~.- .... .....-:._ ... .". ~_ ...... :- .. _ ........... .......: ...... t ... ~ .*.. • "' ••... _" 
- .. ,~.;..! -~,'Both"rnaIi':made'and 'naturall . occurrin 'al ha-effiittin~ -iatiionuc1ideS"-were detected in ",:,:.;: , ~m:''''' ..... """"'~rl..., ' .... -y '0-':" .- Y. ~ ......... i .... P .. ' ... .., -. g. o ••••• > •.. ' .... ,..., ....... "- .. ~ "'.c,' J .... 

,.:.-:.-... ~f::~il.saiEples, fr~/rr('Jl AG. l;.~N~ly ~iri(alp~.~;61ri~x:s ;~e~~ Jnc!~d .. ~:~!?Se' fro~ }~;~ 
- ~""""th' J:.l.J.~ • ..,..~~ ••. ·[th .' )232 th" "228"'-..;1' '224 'db" 'th·212l'(."!.s...-..! ..... ;. .. -~ , e u,onum senes onum- • onwn- .lcwlUm- • an lsmu - \wull, .. u ~.uu ;;;.:..::: 

.:,;:. 'both'alpha and beta particles)], and the uranium series (uranium-238 and :-234 •. thorlum-230,';'· "':." 
"" ' . -!Old r.¢ium-226).· Man-made alpha-emitters dete-c;ted inc1u~earnC?ric:iu~-2.:41. plutonium-238, :' .' 
L~:~ -·.~d pl~~~~~~t~9f.24~\~~Ost o~.the col,l~on- is found u: .the 3019 :area~ N1!.. S~.·. 

ISOtope :area, surface, unpoundments,"Buddmgs 3503/3504 storage .pad, -floodplam salls, 
::. .SW~A ,1._;~d,.vicinity, .and the .thorium tank farm. ~ta::miiting radionuclides commonly 

. found in soils include cesium-137. strontium-90, and cobalt-60. A variety of other man-made 
radionuc1ides exceed reference levels (e.g., technetium-99, europium-1521154/155. nickel-63. 
caldum-45, and tritium) but were found Jess often and are not as widespread. Naturally 
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occurring beta-eminers detected above typical reference values include thorium-2321234 and 
radium-228. 

Contamination in soil included 20 voes, 39 BNAEs, 7 pesticides, 2 PCBs, and cyanide. 
PCBs were detected in samples from the CHOO8 location, "Which is the site of a former coal 
storage area and near an associated former steam plant. Other borings that yielded samples 
containing PCBs were near Building 3529. south of STF (two borings), the surface 
impoundment (one boring), near the sewage impoundments, and along woe and First Creek. 
Dioxins, furans, and herbicides were not detected. 

All metals analyzed were detected in soil samples. The concentrations varied widely. 
possibly indicating both natural variability in the soils and the presence of contamination. 
Concentrations of individual metals in the main plant area and the f)ogc!plain soils varied by 
orders of magnitude. Metals that exceeded reference include beryllium, cadmium, 
chromium, cobalt, and mercury. The t\lr'O highest concentrations of mercury were from 
samples near Building 3592 at a known mercury spill site; the third and fifth highest were 
found in the WOC floodplain soil near the Fifth Creek confluence with WOC. 

6.3.3 Surface Water 

Both man-made and naturally occurring radionuclides were detected during the Phase I 
investigation of WOC, First Creek, Fifth Creek, and Northwest Tributary. The most 
frequently detected were strontium-90 and tritium . 

The highest concentrations of strontium were found in First Creek. Flux calculations 
indicate that during the low base sampling event, approximately half of the strontium in the 
WOC system above the 7500 bridge could be attributed to First Creek and Northwest : 
Tributary. During the high base sampling event (including a storm episode), the total 
strontium loadings within First Creek and the rest of the WOC system increased but the 

... :·.relative' amount of contamination' contributed by' First Creek and Northwest Tributary 
. declined' to approximately 25 % of the total amount. Evidently there was a strontium source 

, that discharged greater quantities to woe during high base an~ high base storm flow 
conditions than during low ,base' conditions. ", Potential sources' may include a number of 
outfalls, swsA 1 runoff or leachate, leaking LLLW lines. contaminated, groundwitter 
disCharge from ~~,nWn p~an~:M.ea. ,or ~page from the 3513/3524.surfa~.in1poW1drnents; 

•• ~"_~~::~,:::~;.:.~~ •• _'~~._" ~.-" ..... ~_ ...... ,t •• ~-_ ... ~ ..... $., •• ' .:~.,. rl,.....:J.l.r.~.~~.I.,.. .. --

,..,' ".,.::;',.::-:-Results' of a' screening s~ey performed in October .1991 indicated ,that elevated gross , 
. ;;~)~~:~,'~ffi~;i;,p~~~IY. str~£~~. '~~~r~t1f~!~S~#~. yia:a "s,ee~,ru;ar. tll~' .~.~~ctJ)~~!~.cen , 

4~ ,_ .. Chicka1n.auga UriitSD ~cindE.-and ~-stOmiwat.er outfalls (341 and 342)'Westof,BuUding ,~ 

~:~::'~~;.,~~:<:~j . -'-'-"~f;~.:;~,~;~~:~-;-~,,;:;,",~;~j::~ '~~~~~~~r~::'~,~:;-t~,~-w:Z~Jj~~;'!~:~:;' , . 
. . -. t" ..... ~... '~~ -:~ ..... ~ .• ~~ .... ;"" ... : ........... -;.- '. ' .. - ..• -. "':- .!, ':i .. "l.o\ - ...... :. ,." ,; ...... ~.:.,. ....,.:,-

. . ." :;. Concentrations of tritium detected in surfaCe Water were below the'SDWA MCL of 
" .' 20,000 pCiIL. ~ Previous, studies, reponcc( significantly higher ,concentrations' at the '7500 

.. bridge (i.e.:up to 590,000 pCilL), approxiIDat.ely'l00 ft upstream of SW-6 in WOC. This 
,suggests that there is a potential for high variabilitY in the amount of tritium in WOC . 
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The highest concentration of cesium-137 was found in samples collected during low base 
conditions at a location near the surface impoundment and SWSA 1. Cesium-137 was not 
detected in filtered samples, indicating tha! it is transported through adsorption to suspended 
sediments. Potential sources of cesium-137 include seepage from waste management units 
along woe (including the surface impoundments and SWSA 1), discharge from outfalls, and 
erosion/suspension from bottom sediments and floodplain soils. 

No metals were detected at concentrations exceeding their respective MCLs. No 
organophosphorous pesticides, dioxins/furans, or chlorinated herbicides were detected in 
surface water samples. Of the few VOCs and BNAEs detected, only the VOCs pyridine and 
p-dioxane may be of concern, although they were detected in only one sample. 

6.3.4 Sediment 

Both man-made and naturally occurr~ng radionuclides were detected in sediment samples 
from WAG 1. Radionuclides associated with the natural uranium and thorium decay series 
were detected at concentrations within reference ranges and are not considered site 
contaminants. All man-made radionuclides, including the transuranic.s americium-241, 
curium-242, and curium-243!244, were detected.at concentrations exceeding reference levels, 
indicating that these are site contaminants. Cesium-137 was the most frequently detected 
man-made radionuclide in sed,iments. Sediment from three WOC locations between Third 
Street and First Creek contained cesium-137 at concentrations 1 to 2 orders of magnitude 
greater than reference concentrations. 

VOC Contamination in sediments was minimal. However, PARs associated with coal 
combustion and parking lot runoff were detected in samples throughout WOC and in Fifth 
Creek. The mews cadmium, chromium, copper, lead, and mercury were detected above 
reference levels. -.: 
.: .. '.i: ;~ :~.~ _" .:~ ·.<~:·f: L~:' ~ -: 

. The concentrations of mercury detected were comparable to those reported in previous 
. studies. although the' max~um -_ concentrations found in previous studies·. at .locations 

;"'"'4-_3Ssociated with outfalls into Fifth Creek: were'not encountered. This difference-is likely due 
to the selection of sampling locations and should not be viewed as an indication that the high 

• _': .:.::. concentrations of mercury detected in previous studies (e.g.; 4874 to 7427. pg/g near outfall 
:;,.;., ;.261 (Taylor'199Oa) have dissipated, ""11j~~"C' ~i.i"n "-':\"h"~"':" 1,...-·· ... :, .~:;-, ~"!i /._ ;';rt,~"\,,~ ,.,.:;:J.......:::-•. __ .J __ .• : ... ,. _ • ,-r. .~ ..... t' - • -- - .-." '" •. '-0 - ." '. - '." •• 

u<oJ 

~"#' 
' .. ~ ., ' .. ( 
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~6.S.1.6 SWSA 1 

The presence of drummed waste buried in SWSA 1 is suspected on the basis of 
geophysical survey data. To support future remedial action decisions. sampling to identify 
the presence and nature of these wastes should be considered. Additional sampling of 
sediments and surface water in woe would be useful in the characterization of potential 
releases of contamination from SWSA 1. There is also radiological contamination in 
groundwater near SWSA 1. If contamination is leaching from SWSA 1. portions of it may 
become strata-bound and migrate downdip (southward). A deep bedrock well south of 
SWSA 1 on the slopes of Haw Ridge is needed to evaluate whether this is occurring. 

4t-6.S.1.7 SWSA 2 

Anomalies detected during the geophysical survey of SWSA 2 suggest the presence of 
isolated metallic objects. Some anomalies correspond .to the sites of former drilling, 
suggesting that drilling pipe remains in the hole. Other anomalies do not correlate with 
former investigation locations and could indicate the presence of meta11ic wastes. A limited 
invasive sampling effort should be considerCcl because, in other respects. SWSA 2 is a 
candidate for a "No-further-Investigation" classification. ' 
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6.5.2 Groundwater, Surface Water, Soil, and Sediment 

~ Surlace water, sediment, and floodplain soil samples indicate that a significant amount 
of contaminant loading to woe occurs in the vicinity of the impoundments and SWSA 1. 
Potential sources of this contamination include seepage from the surlace impoundments and 
SWSA 1, outfalls, leaking waste or drain lines, and groundwater discharge. Additional 
characterization, including detailed sampling of surface water and sediments, is needed to 
further delineate the sources of contamination in this area. 

A groundwater plume has been identified as extending from the corehole CHOO8 area 
to First Creek and possibly as far west as piezometer 535. This plume was identified only 
on the basis of CSL screening level analyses of groundwater and surface water samples, 
which did not include determinations of specific isotopes, but rather measured broader 
parameters (gross alpha and beta). Resampling of the First Creek seep location and 
piezometer 550 is justified to confinn the nature of contamination in the plume. In addition, 
flux rates of contaminated water from the plume into First Creek have not been computed. 
Two to three piezometers should be installed near the First Creek seep location; these 
piezometers and the seep should be sampled on a regular basis to provide data on the flux 
of contamination into First Creek. Water level measurements should also be made regularly, 
possibly using continuous water level recorders. 

The depth and western extent of the plume (presumed to be predominantly strontium-90) 
also have not been determined. Additional multiport monitoring wells and piezometers would 
assist in defining the depth and extent of the plume. In addition, the source of the plume is 
not known; additional wells near NTF and in the hilltop area are needed to identify the 
source. 

Contaminated sediments (mostly .cesium-137 and mercury) were widely detected in 
WOC, and the transport mechanisms for .these sediments are not well understood. Because 
these sediments repre'sent potentially significant pathways for off-WAG migration to White 

.. "Oak Lake, data on transport mechanisms and levels:,!f contamination are-needed to'support 
.. : future evaluations of remedial alternatives. :Numerical modeling of sediment transport would 

'.,.:.,;, be useful. , "---':;(:'::' -- . -:. _',_:- .. -_ .:,.~ :'::.~':":'-. 

. _ .. ~::;a.,~!~_>:·A'};s'igriifi~f ~~~bCr of :surfacC-:~r~'and . sump: ~~~i;s :~i~~~\;~lding·tiIrie 
- -' _ .. ·:::guidCIiIies for mer'- ".-3iial sis~ ... riue to thc'Volatilf -~of mer-"" . 'ana its -CiirifUinCd" risCncc <;; .ro.,.,.. . .. , .. ," .~_. _ y ... .....:: ... _ .~ ... _,. ,ty.,.... .~" _."" ..... ~. , . P ..".." 
,{!~~ •. in~~ime~t Sairiples,;jt.is PO~~iP.~~:~~.~~re.p4J~ CO~~I!~O~ fo.(s¢~~·_~~¥d sump ,~.: 

, I!iR" ~sampleS. ~uld ~ ~iaSegJov(~.&iiil~~p~~.f~~:negi9Xe· ~~!ts·,Y~~4it!D.-na(~plirig~;~ 
. -"-~~~::-of Suita"&·W3tCr~and iiiiit r loc3tions to Ctlnfuiri ·the ·iCSCncc"Or.abseru:e!of mer ---'iiia- be .... ·:-:~ . ',. . ......... p- .'.... ,', PO' .. _ ...• _ ..•. , ............ CUIY :y . warranted. . _. '. "!~. A 

~C~~·:':_·.::",,:;~ " .. :...: i:.;. . ...:·.i .... :.~::· .;', ..... ~ '-:=:~ .. :' . .:- .... ~ L ;~ ... '~; ... '~: ;:) ::.:·i~ .. -;::~~. : ....... ",":: ... ~ . ;,:-:-::.,-~ .. ~ > 

'i .. ,rl.:~f:.1 tSigni~~t~a4iologica1 ~~~nation.was dete~ in.floodplain soils; additional data 
.' ,.... . on the venical and areal extent of contamination are needed· to evaluate· the need for 

remediation. Data on the erodibility of the floodplain soils ~d other geotechnical parmteters 
'" .... -: are also needed to evaluate the need for and selection of remedial actions. . Numerical 

modeling of surface water processes and the erosion and transport of the floodplain soils ._, 
would be useful. ... 
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+ At SWSA 1, five discrete -areas'o{possible buried solid~~r;~re ide~tifi'id on the 

basis of geophysical evidence. At SWSA 2. the geophysical surveys indicated 17 discrete 
anomalies, 9 of which correspond to locations marking a previous soil boring program . 
Magnetic data indicated the presence of ferrous' metal at IS of the locations. and EM data 
identified the other 2 locations, neither of which correlated to the soil boring program. 

The old LLLW piping system has been a significant potential source of contaminants. 
and the interconnecting utility trench system has the potential to provide preferred pathways 
for contaminant transport. The original LLLW system piping consists of single-walled, 
stainless steel pipe; past leaks from these pipes are r~sponsible for 23 SWMUs identified in 

R;\WAGISCS\SECTlON6 

~( G00l{ 
SWSAs 1 and 2. The relatively complete set of historical data for many wells located in SWSA 1 

indicates generally stable contaminant concentrations over time and between high and low base flow 
groundwater conditions. Gross alpha and beta concentrations were found to be generally below reference 
levels, and tritium values ranged between - 37 and 92 BqlL. The higber tritium activities in bedrock 
wells suggest the possibility of flow paths below the water table surface. In addition, several 
radionuclides ~, 2AOf>u, and 22IRa) detected 'in a piezometer may suggest westward migration of 
contaminants from SWSA 1. 

.. :;:;~ . {r. 

Groundwater samples collected from wells in SWSA 2 indicate that tritium contamination is prevalent 
throughout much of the area,with the highest concentrations occurring Within and southwest of SWSA 2. ' .. 
This firiding suggests that contamination may be migrating southwestward from SWSA 2.' SIightlybigher ,: .. 
gross alpha 'ana beta detected in·· a downgradient piezometer, also suggests minor migration of these;.: 
contaminantS: ~:.:; This is corrobo'rated by the presence of radiological contamination in Fifth, Creek: ,. : 
outfall 16S,:.which serves a small segment of a storm sewer from Fifth Street;' BecaUse no other source 1::: 
for the outfal1165 contamination is'apparent,it is presumed to be comirigfrom discharging groundwatei -, 
from SWSA 2.' Data from an' adjacent pair of bedrock wells drilled to depths of 6.1 and 24.4 m (20 and 
80 ft) indicate that contamination decreases with depth .• ;.; '.:.' . ,: :j' : '~:,'. 

; .. ;·;.="'~i/;'>':,'o'''*;: : ..... .1,;,.# ,.:: .• ::.:-.- ""',:' :..~. ""·~:·t# . . -- .. ,,' . 
, .. " . 
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Energy Systems Environmental Restoration Program 

Annual Summary Report 
on the Surveillance and Maintenance 
Activities for the Oak Ridge National 

Laboratory Environmental Restoration 
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VB. ACTIVE FACILITIES 

Many existing facilities within WAG 1 will remain part of on-going ORNL operations indefinitely 
and are not included in the Bethel VaHey RIlFS. This includes buildings and laboratories as well 
as pipelines, tanks, and other areas (e.g. the garage and maintenance complex) that are part of the 
ORNL infrastructure. All active facilities not currently in transition to the D&D program will be 
excluded from consideration in the Bethel VaUey RIlFS. In addition, certain inactive facilities 
which have already been remediated will also be excluded from consideration in the Bethel Valley 
RIlFS. For example, one site currently being remediated is the waste accumulation area at 
building 1503-bottIes of chemicals left over from past research activities and stored under a 
laboratory hood. These chemicals and associated wastes are current1y being removed for disposal. 

Additional information on active facilities be available at the Bethel Valley DQO meeting. 

000353 



• 
• 


	V. Contaminated Media/Introduction
	Source Information
	Data Summary
	Conceptual Site Model
	Risk Assessment
	References
	VI.  Burial Grounds
	Other
	Introduction
	Source Information
	Data Summary
	Conceptual Site Model
	Risk Assessment
	References
	Other
	VII. Active Facilities (WMRAD)

