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RESPONSES TO EPA AND TDEC COMMENTS! OF THE 
REMEDIAL INVESTIGATION WORK-PLAN FOR THE 

GROUNDWATER OPERABLE UNIT AT 
OAK RIDGE NATIONAL LABORATORY 

EPA Comments and Responses 

General Comment. Paragraph 1 

This document represents a strategy for investigations of the overall groundwater system within MeLton 
and Bethel Valleys affected by ORNL and its waste disposal operations. This document is not a remedial 
investigation work plan and there is no true groundwater operable unit at this time. 

The revised document will be. submitted as the Characterization Plan for the ORNL Area-Wide 
Groundwater Program. The ORNL Groundwater OU was established in order to manage and prioritize 
site-wide groundwater actions" 

General Comment. Paragraph 2 

It is usefuL to refer to the groundwater as a separate unit since ORNL has been panitioned into units (i. e., 
WAGs) for the purpose of investigations. However, as data is developed for the groundwater system, 
discrete groundwater actions will be implemented and result in discrete groundwater operable units. 

Agree. This document is a plan to guide investigations toward determining specific CERCLA 
actions for groundwater throughout the ORNL site in a risk-prioritized sequence. Initial characterization 
work is intended to define discrete areas within the ORNL area-wide GWOU where CERCLA activities 
will be implemented leading to remediation of groundwater contamination. 

General Comment. Paragraph 3 

The site wide data gaps (i. e. exit pathways, deep flow pathway) need to be filled. However, there should 
be a balance between wide scale investigations and remediation of known contaminant discharges and 
contaminant plumes. Information gathered as a result of investigations presented in this document should 
suppon focused RI work plans to investigate specific releases for remedial action. However, this should 
not preclude groundwater investigations and remediation for currently known releases. 

Agree. The response to the previous comment identifies the strategy for groundwater CERCLA 
actions. 

General Comment. Paragraph 4 

General data needs consistent with the requirements 'of DOE's internaL groundwater monitoring orders 
should be addressed and funded through other means such as DOE's comprehensive groundwater 
monitoring pro gram. 

The ORNL Office of Environmental Compliance and Documentation (OECD) is charged with 
the responsibility for monitoring activities required and recommended under DOE Orders. Groundwater 
data and surface water data collected by the Office of Environmental Compliance and Documentation have 

1 Comments are keyed exactly as shown on original documents from EPA and TDEC. .. ~ 
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been used extensively in the planning process for the Characterization Plan for the ORNL Area-Wide 
Groundwater Program as well as in other Environmental Restoration Program activities. The ORNL 
OECD presently fulfills all agreed requirements included in the Environmental Monitoring Plan for the 
Oak Ridge Reservation (DOE/OR-I066). Additional characterization investigations proposed in the 
Characterization Plan for the ORNL Area-Wide Groundwater Program are designed to complement the 
monitoring activities of OECD and enable management and remediation of contaminated groundwater at 
ORNL. 

Document Disclaimer 

The disclaimer used in this document is inappropriate. The second and founh sentences must be deleted. 
The information must be accurate, complete, useful, and must reflect the views and opinions of DOE. 

The wording for this standard DOE disclaimer currently is being reviewed; in the meantime, the 
disclaimer will be omitted from this document. 

Executive Summary 

EPA agrees with DOE that this document reflects an overall groundwater strategy document for 
understanding broad issues relating to groundwater rather than a remedial investigation work plan. 
However, the investigation of the broad issues should occur through DOE's comprehensive groundwater 
monitoring program which is required under DOE Orders and the Tennessee Oversight Agreement. These 
broad issues should have already been addressed or have had investigations staned under the 
comprehensive groundwater monitoring program rather than a remedial program that should be focused 
on remedial activities. 

EPA and TDEC should have some level of invoLvement in formulating objectives for the comprehensive 
program that would be directly related to the DOE Environmental Restoration Program. However, ER 
funds shouLd be used to suppon remedial investigations that will lead to specific remedial actions. DOE 
has identified a number of areas at ORNL with known groundwater contamination with levels exceeding 
MCLGs, MCLs, or other ARARs. All of these areas may potentially require remediation. Additional 
emphasis needs to be placed on implementing groundwater remedial action, either through interim or final 
RODs. 

Please see response to EPA General Comment (Paragraph 2) regarding DOE's site-wide GWOU 
characterization strategy that will lead to implementation of CERCLA actions on discrete groundwater 
management units. 

The ORNL OECD performs environmental monitoring under the framework of the Environmental 
Monitoring Plan for- the Oak Ridge Reservation. EPA and TDEC review and comment on that 
monitoring plan annually. Monitoring activities performed by ORNL are those identified in the 
preparation of the EnvironmentaL Monitoring Plan. (Also please see response to EPA's General 
Comment, Paragraph 4.) 

Please see response to EPA comment (Chapter 2, Page 2-26, Bullet Items) regarding WAG 3 and 
WAG 4 investigation activities directed at facilitating remedial action(s) within these areas. 

- ,. 
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Chapter 1. Page 1-7. Last Paragraph 

How do DOE's internal orders requiring comprehensive groundwater monitoring relate to the stated goal 
of a "site-wide appraisal of the groundwater flow and contaminant transport conditions throughout the 
extent of the ORNL GWOU. " 

The ORNL Office of Compliance and Documentation performs monitoring in accordance with 
the agreed upon scope in the Environmental Monitoring Plan for the Oak Ridge Reservation (DOE/OR-
1066), which is reviewed annually by DOE, EPA, and TDEC. 

Page 1-13. Figure 1.4 

As remedial decisions are made for specific operable units, wherever possible, those decisions will be 
final for that unit, not interim. By properly scoping and defining the operable unit and its relationship 
to the site, final decisions may be made for each operable unit prior to completing an assessment of every 
potential unit. 

The boxes in the diagram that refer to interim RODs for individual sites will be changed to final 
RODs. This is a flow diagram, not a time diagram. Source OU activities are programmed in a staggered 
fashion. The figure caption will be changed to say, "Flow diagram showing .... " 

Page 1-14. Section 1.10.1 
1'''' . - ,,~, 

Decisions documented in proposed plans and RODs will address the levels of remedial action or risk 
management required. The RI and FS should present unbiased factual statements regarding the nature 
and extent of contamination found, the results of the baseline risk assessment, and potential remedial 
alternatives. The RI and FS should not mix risk management decisions with their analysis of site 
conditions and what would be required for remediation (alternatives) zf site risks exceed the target'risk 
range. It is already known that many contaminants within the groundwater at ORNL exceed established 
standards such as non-zero MCLGs or MCLs. 

The groundwater need not reach "off-site" receptors to require remed,iation. The decision for remediation 
does not revolve around selecting the "most cost effective engineering controls, " but an evaluation of 
alternatives against all of the nine criteria for remedy selection. The threshold criteria, protection of 
human health and the environment and compliance with ARARs, must be met. Cost is not a threshold 
criteria. 

Text has been revised as follows: "It is expected that a number of groundwater management unit 
investigations will be conducted that wiJI constitute the ORNL GWOU RI. The scope of this investigation 
will result directly from the characterization strategy outlined in this document (e.g., see Fig. 1.4). 
Existing information and data derived during characterization studies will facilitate decisions regarding 
which discrete groundwater management units pose a potential threat to human health or the environment. 
Data derived during the subsequent remedial investigation will more fully describe the nature and extent 
of groundwater contamination at ORNL and from the baSis for making risk management decisions and 
for taking further CERCLA actions." 

Page 1-16, 3rd Bullet 

At this point, a ROD has not been issued that established controlled areas where risks would be managed 
by institutional controls at ORNL. 

The phrase "when established" will be added to the end of the 3rd bullet. 
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Page 1-18. 1st Bullet 

If a contaminated groundwater discharge contributes a significant amount of the contaminant flux at 
WOD, that discharge should be considered for an expedited response action such as a time-critical 
removal action or interim remedial action. 

This bullet will be rewritten to indicate that if a groundwater discharge contributes 10% or more 
risk based on strontium-90 flux (1993 monitoring data) at WOO, that discharge will be considered for 
an expedited response action such as a time-critical removal action or interim removal action. 

Page 1-18. 3rd Bullet 

The BRA and FS must address all groundwaters where non-zero MCLGs, MCLs, ARARs, or other health 
based standards are exceeded. Risk assessment and alternatives development are done in the RlIBRAIFS. 
Risk management is done through the proposed plan and ROD. 

Agree. 

Chapter 2. Page 2-26. Bullet Items 

A non-time critical removal action is being prepared to address the continuing release of Sr-9O into First 
Creek. It appears that there are other areas, such as WAG 3, where expedited response actions could 
be implemented. What steps are being taken or are planned to mitigate ongoing releases from WAG 3 
as well as other releases not mentioned here. 

Additional data are being collected to quantify releases from WAG 3 in order to determine if 
. expedited action is required. Investigations are underway at WAG 4 to determine the feasibility of 

controlling discrete contaminant sources. 

Page 2-29. Paragraph 3 

It is stated that the groundwater velocities "cannot adequately be explained at present ". Based on the 
discussion here and on the preceding page under Sec. 2.3.3.7, with "fractured" aqUifers, is it really 
possible to model the groundwater with 3-D models, for example, as outlined in later sections. 

Also, later in this paragraph, it is "hypothesized" about the major groundwater flow that is suspected. 
With all of this uncertainty, and based on all the studies of the Oak Ridge hydrogeology over the last 
3 decades, can we really expect to achieve more definitive, quantitative results with the proposed future 
modeling of the fate and transport of contaminants? Can you provide discussion on the uncertainty of 
the groundwater flow and trimsport that is anticipated to remain after the modeling effort has been 
completed? 

The information in this paragraph is needlessly complicated and tends to detract from the 
objective of the document, which is to present a general strategy for characterizing contaminant migration 
via groundwater at ORNL. Therefore, this paragraph will be deleted from the revised document. 

Page 2-33. Section 2.3.5. Paragraoh 3 

Have any evaluations of the water balance for WOC been conducted since 1988 to verify the losing stream 
analysis? 

No detailed water budget analysis has been performed since 1988. However, surface water flow 
data are reviewed and reported in the annual hydrologic summary report (Le., Borders et a1. 1993. 

93-140P/082394 4 
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Hydrologic Data Summary for the White Oak Creek Watershed at Oak Ridge National Laboratory, Oak 
Ridge, Tennessee, ORNLlER-I66). Under low-flowconditions-,-surfacewater data show a discrepancy 
in flow between the 7500 bridge site and the White Oak Creek station at the confluence with Melton 
Branch. The cause of this apparent loss in flow volume is still unknown. 

Chapter 3. Page 3-57. Section 3.8.1.8 

No date 'Was given for when these leaks occurred or remediated. This also applies to Sections 3.8.1.9 
and 3.8.1.10. 

Information presented in Sections 3.8.1.8, 3.8.1.9, and 3.8.1.10 was derived from the 
Preliminary Geohydrologic Site Characterization and Proposed Water Quality WeliLocationsfor WAG 7, 
WAG 8, and WAG 9 (ORNLlRAP/Sub-86/72139/2), which was the only available source of information 
about the leak sites described in these sections. This reference did not contain any information 
concerning the times when the described leaks occurred, or the types of remedial actions implemented. 

Page 3-58. Section 3.8.1.11 

It is stated that the blasting sand located outside of the building has a on contact exposure rate of 
2 mRlhr. When was this site in use and how long has this contaminated blasting sand been exposed to 
the open environment? What steps have been taken to minimize the potential for spreading of this 
contaminated material.·~·· 

"I, ~ 

Information in Section 3.8.1.11 was derived from the Preliminary Geohydrologic Site 
Characterization and Proposed Water Quality Well Locations for WAG 7, WAG 8, and WAG 9 
(ORNLlRAP/Sub-86/72139/2), which was the only available source of information about the 
Building 7819 facility described in this section. This reference did not contain any information 
concerning the time period over which the blasting sand was exposed in the open environment, or actions 
taken to contain the contaminated material. Further record checks would be required in order to 
determine dates and durations. 

Page 3-79. Section 3.11.1.2 

Did the basic composition of the waste change between the time injections were conducted at the Old and 
New Hydrojracture facilities? OHF waste was primarily Cs-137 (609,000 Ci) while NHF was primarily 
Sr-90 (644,000 Ci). 

Waste injected at the OHF was evaporator-concentrated LLW from the Bethel Valley waste 
storage tanks that contained a higher activity of Cs-137 (609,000 Ci) compared to Sr-90 (40,000 Ci). 
Waste injected at the NHF was concentrated LLW and sludge removed frO.ql the gunite tanks in the South 
Tank Farm that contained a higher activity of Sr-90 (644,000 Ci) compared to Cs-137 (83,800 Ci). 

Page 3-83. Section 3.13.2.2 

VOC concentrations well above MCLs have been found in groundwater at this WAG. This WAG is 
located apartjrom the main cluster of waste sites at ORNL. What efforts have been made to identify the 
scope and magnitude of this release? What would be the expected flow pathWay and discharge point for 
groundwater in this area? 

Information presented in Section 3.13.2.2 was derived from the Preliminary Geohydrologic Site 
Characterization and Proposed Water Quality Well Locations for WAG 17 and Lower WAG 2 
(ORNLlRAP/Sub-86/189/1). This reference did not contain any information concerning the extent of 
contamination detected in monitoring wells located within the area. Presently, there are no ongoing 
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monitoring activities at WAG 17 other than routine well sampling. Although contaminant transport 
occurring in bedrock along strike-oriented solution channe15 may be occurring at WAG 17 as observed 
at WAGs 1 and 3, additional investigation is required to confirm the nature, extent, and transport 
mechanisms for contamination present at WAG 17. 

Chapter 4. General 

The need for acquiring information necessary for fate and transpon models needs to be balanced with 
selecting and implementing response actions as soon as sufficient information is available. This site has 
been studied for many years and there still are, and probably always will be, data needs and 
uncenainties. However, there are also many sites where areas of groundwater contamination are 
documented and may require remediation. A balanced approach must be taken to resolve larger 
questions, such as a deep flow pathway, and institute response actions for known contamination as soon 
as practical. 

We agree that needs must be balanced. Fate and transport modeling will be conducted in support 
of RIfFS activities to estimate the effectiveness of particular remedial actions. These modeling efforts, 
however, will not preclude remediation of known regions of contaminated groundwater. Contingencies 
for prompt response actions are built into this document. Additionally, the level of effort for acquiring 
information necessary for fate and transport models is minimal. 

Page 4-1. Last Bullet 

The "uncenainties inherent" should include the fractured geology. Long-term migration prediction for 
ORNL may be impossible. This should be discussed. 

The bullet is written in the context of attempting to quantify uncertainties. Text will be added 
at the end of the bullet to say, ..... and to quantify the uncertainties in such model predictions." 

Pages 4-5 and 4-6. Sections 4.1.1 and 4.1.2 

The FRAC3D model is very new, and assumed to be untested. Will this model be compared against other 
fracture flow models or non-fracture flow models, when running the two test cases? 

The results of FRAC3D will be compared with those of non-fracture flow models such as 
FEMW ATER, MOC, or MOD FLOW to verify the mass balance of the model. 

Chapter 5. Page 5-1. Section 5.1 

The guidance provided in OSWER Directive #9283.1-06 regarding "Considerations in Groundwater 
Remediation at Superfund and RCRA Facilities" (May 27, 1992) should aLso be an aspect of the overall 
strategy for groundwater at ORNL. 

While some relatively small areas of groundwater contamination (i.e. WAG 17, WAG 3) may not be as 
significant as ORNL'smajor sites (i.e., WAG I, WAG 5), that should not automatically prevent 
implementing response actions at those sites. Sites have been prioritized by the criteria cited in this 
section. However, one key to the groundwater strategy should be to contain plumes early. This may 
mean that a lower priority site gets remediated while a higher priority site is being studied. This may 
only be appropriate in cenain cases. However, the ability to implement quick actions (i.e. WAG ll, 
WAG 13) for specific goals, needs to be balanced with the needs of the higher profile sites (i.e., gunite 
tanks, WAG 5) that may take many years and hundreds of millions of dollars to complete. 

Agreed. The fourth bullet will read: "identify source control action that results in a significant 
reduction of risks or contaminant flux,· or may prevent the spread of contamination that could lead to 
significant future risk." 
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Page 5-2. Section 5.2.2 

. The risk assessment must support the decision making process for remedial action. If groundwater 
discharges to a sUrface stream within the currently controlled area and results in unacceptable risk from 
ingestion or contact With that sUrface stream, would that be covered in the GW risk assessment? This 
may be a future exposure scenario that may be partially covered if ingestion of the groundwater is 
considered. 

The second paragraph accurately describes the desired approach for evaluating current and future 
potential risk. However, in all cases a determination must be made if unrestricted. access and. unlimited 
exposure is allowable for a site. This is necessary to assess the five-year ROD review requirement. 

The information produced by the groundwater and surface water programs is important from both 
a risk management and assessment perspective. Therefore, any risk information that is identified by 
decision-makers as necessary to support the remedial decision-making process will be provid¢. Annual 
risk assessments will be conducted based on data collected for the surface water and groundwater 
programs, the results subsequently will be communicated to decision-makers. Risk information based on 
surface water concentrations mentioned in this comment will be (and is) available as part of the WAG 2 
and surface water programs. 

In addition, predictive modeling results generated by the groundwater program will be used as 
concentration terms for groundwater and surface water risk assessments to determine the significance of 
plumes that are identified. The groundwater risk assessment will treat these plumes as a "source" of 
contamination. If it is determined that the plume would likely move to surface water, transport to surface 
water and ingestion of surface water would be evaluated as one of the future risk pathways. 

. The unrestricted access/unlimited exposure scenario will always be part of the data assessment 
process. We agree that at any given time in the decision-making process over time at ORNL, it will be 
important to reevaluate and reiterate the need to prevent high risk exposures. 

Page 5-3, Section 5.2.3 

l¥hy is this section titled current COPe's? Will these COPCs address the future potential exposure 
scenarios? l¥hy was the screening limited to oral carcinogens? Noncarcinogens and pathWays other than 
oral exposure should be considered, as appropriate. 

The text in this section has been rewritten to incorporate the comment. This section is titled 
"current" because the groundwater monitoring at ORNL is a long-term program and delineation of 
contaminants of concern will be an iterative process that responds to changes in contaminant 
concentrations in monitored wells over time. Also, ~ the support that the Groundwater Program provides 
to the source areas' changes (as represented by near-term support, mid-phase support, and final-phase 
support), the screening criteria used to determine priority contaminants and areas will change (from 
prioritization and screening to baseline risk assessment considerations). The "current" COPCs do address 
future potential exposure. The screening is limited to oral carcinogens at this time because background 
data for the metals are not currently available. Without the background data, the screen could incorrectly 
focus efforts on contaminants that are present at naturally occurring levels. Noncarcinogens and pathways 
other than oral exposure are being considered in new efforts. Dermal contact and inhalation pathways 
are included in the revised risk tables; the text has been changed accordingly. 
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Page 5-4. Paragraphs 2 and 3 

Non-detects should not be used in determining average concentrations for data summary tables. Non
-detects are considered when calculating exposure point concentrations for the exposure assessment. In 
exposure assessments, non-detects are considered to be either 112 the detection limit or equal to the 
detection limit. 

For screening level assessments, the maximum detected or modeled concentration should be used as the 
exposure concentration. 

For risk assessments the 95 percent upper confidence limit on the arithmetic average is used as the 
exposure concentration unless that value exceeds the maximum detected value. In that case, the maximum 
detected or modeled value would be used. 

The text in this section has been rewritten to incorporate this and the previous comment. It is 
standard practice to include non.detects in an evaluation of a statistical distribution and calculation of 
mean for any reason-whether it be to represent "averages" or estimated exposure point concentrations 
(which should be based on the same approach). For a normal distribution, the average and the midpoint 
value (the 50th percentile of the data set) should be similar. If non.detects are not accounted for, the 
average value would be greater-and in some cases much greater than the midpoint. If the below
detection-limit data were ignored in the assessment, the average would be biased high. Over the years, 
numerous checks have been run.to show that for a normal distribution of data, use of one-half of the 
detection limits gives a good approximation of the distribution of data below the detection limit, and 
therefore leads to a good estimate of the average. 

The statistical treatment of the exposure concentration in the revised tables is based on baseline 
risk assessment considerations rather than the previous comparative screening emphasis (using the 
average). EPA guidance (RAGS 1989) recommends using either one-half of the detection limit or the 
detection limit as the proxy value for non.detects. The revised tables presented in this final version of 
the characterization plan use the detection limit as the proxy value. 

For the revised tables, after non.detects are assigned the detection limit value, a test for normality 
and log-normality is performed using the Kolmogorov-Smirnov Test. If a normal distribution provides 
the better fit based on this test, then the upper 95 % confidence limit on the mean is calculated based on 
a normal distribution (EPA Supplemental Guidance). If the underlying distribution is not normal, as 
represented here for when a log-normal distribution provides a better fit based on the test, then replacing 
censored observations by proxy values is an inefficient method that can produce biased estimates~ In this 
case the log-normal distribution is estimated through a maximum likelihood procedure that finds the mean 
and standard deviation of the distribution by methods in Beauchamp (et al. 1992) to reduce the bias in 
proxy methods for the mean for small sample sizes. The upper 95% confidence limit on the mean is then 
calculated based on this estimated log-normal distribution (EPA Supplemental Guidance). The minimum 
of the upper 95 % confidence limit and the maximum detected concentration are used as the exposure 
concentration. . 

Page 5-4. Last Paragraph 

10E-04 was used as the criteria for the target risk. EPA uses a target risk range of lOE-06 to lOE-04. 
At the screening stage a risk level of JOE-06 should be used. 

The baseline risk assessment will use 1 x 10-6 as a screening level. For purposes of strategy 
development, 1 x 10-4 was used to focus on the primary contaminants and locations that may necessitate 
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a risk-based early cleanup and to support the goals of the near-term and mid-phase risk support. The use 
of 1 x 10-6 does not provide a focus for identifying action -sites- and contaminants at this time. 

Page 5-5. Table 5.1 

This table does not appear to be complete. For example, VOC's detected at WAG 17 at levels well above 
the Ma are not included in the table. 

This table should also include background concentrations for the COPCs and frequency of detection. 

All tables presented in Chapter 5 have been revised to reflect the incorporation of site-wide data. 

Page 5-6. Table 5.2 

This table does not show which chemical is responsible for the majority of the risk associated with each 
well as stated on page 5-4. 

The text in Sect. 5.2.3 has been revised and new tables were added. Table 5.4 presents the 
chemicals responsible for the majority of the risk. 

Appendix A 

This analysis used the average concentration for the concentration-toxicity screening. The maximum 
detected value for each chemical should be used instead of the average concentration. (See Page 5-24 
of "Risk Assessment Guidance for Superfund: Volume 1 Human Health Evaluation Manual (Pan A) ") 
The frequency of detection for individual wells shows inconsistency in results, especially for beryllium. 
If data from different sampling dates were combined, contaminant migration should be considered. If this 
is the case, it is especially imponant not to screen by average concentrations in the concentration-toxiCity 
screening phase. 

Specify units for the PRGs (which should equate to a 10E-06 risk) and for concentrations (which should 
be the maximum value detected). 

The concentration results over time indicate that a number of constituents (e.g., beryllium) had 
their maximum detection early in the RCRA compliance program. More recent sampling for these 
constituents indicate lower concentrations or non-detects. Identification of these trends in discrete areas 
is one of the goals for continued work in the Area-wide Groundwater Program. No clear quantitative 
guidance is currently available from EPA on how to handle significant changes in the concentration over> 
time. Near-term efforts will focus on identifying contaminant trends within wells and within identified 
plumes so that significant changes in concentration will serve as a justification for truncating the number 
of observations or the amount of time that is> used to determine the exposure concentration. The revised 
tables in Appendix A use all of the currently available data to calculate the concentration term. 

Page 5-8. Paragraph 3 

It should also be noted that, as shown in Figure 5.1, every WAG exceeds the screening risk level of lE-06 
and the upper bound of the target risk range, lE-04, based upon the methodology used. If similar results 
occur at the end of the baseline risk. assessment, the baseline. risk assessment would indicate that every 
WAG would require remedial action to address risks associated with the groundwater. 

The risk screening was performed to identify the most problematic areas of the site, using risk 
as the only criteria. Because the screening attempts to identify which wells (and areas of wells) are 
potentially risky relative to other' wells, the only criteria for selecting the land use and exposure 
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asswnptions are that the same assumptions be used for every well. The only decision being made with 
these results is "which areas are the most risky relative ta-other-areas." The comment is correct, if this 
exercise was used to identify the need for remediation, every WAG wov,ld fall at least within the 10-6 to 
10-4 risk range-the target range for CERCLA actions. However, risk assessment to support the need 
for action (e.g .• the baseline risk assessment) would not necessarily use the same assumptions as used for 
the risk screen. 

For example, the risk screen assumed a receptor would drink 2 liters of water/day from a well. 
One big issue facing the.ORNL Groundwater baseline risk assessment is how to assess the risk from wells 
and geologic formations that have low water yield rates. The yields are so low in some areas and some 
depths, wells could not be relied on as a potable water source. 

Another major assumption is that the receptor is currently on site. Some of the high risk 
estimates using this assumption are associated with exposure to volatile organics. The RI could indicate 
that once the source of the volatiles is controlled, the volatiles in the groundwater will naturally dissipate 
because of biological degradation or the air-stripping-like action that may be occurring when the shallow 
groundwater resurfaces in the watershed. 

When the baseline risk assessment is performed to identify the potential need for remediation and, 
more importantly, when the risk evaluation of remedial alternatives is combined with other CERCLA 
decision criteria to select alternatives, the risk management decision may not identify the need for 
remediation at every WAG. 

Page 5-8. Section 5.2.4 

Do the shallow or deep aquifers underlying ORNL meet the definitions of an actual or potential drinking 
water source as defined by EPA or TN? 

The State of Tennessee has recently issued a proposed definition for aquifer classification under 
Chapter 1200-4-3-.04 of TDEC regulations. The proposed regulations received extensive comments and 
are currently being revised. Frequent discussions with the State indicate that the groundwater underlying 
ORNL will likely be classified as a Class B aquifer-a "potential" drinking water source that cannot be 
used for drinking water because of contamination. As stated in Sect. 5 .6, the ORNL GWOU has not 
been given an EPA classification. 

Page 5-10, Section 5.3 

In general these assumptions are acceptable as a strategy to evaluate risk and prioritize activities without 
duplication of effort. However, it should also be noted that the lack of a "current risk issue to address" 
(assumption 4) does not mean the lack of a need for emphasis on remedial action as discussed in the last 
paragraph on page 1-2. As shown in figure 5.1 all WAGs exhibit unacceptable risk levels. 

Based on contaminant concentrations and fluxes to surface water systems, the ORNL area 
groundwater presently has a lower priority than either source WAGs or associated seeps. Prioritization 
will focus RI/FS activities on groundwater plumes that pose the greatest risk. 

~ 
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Paie 5-11. Filrnre 5.2 

The institutional control scenario with receptors outside of the current DOE boundaries would essentially 
sacrifice the areas groundwater resources to potential beneficial uses. As discussed in the Preamble to 
the NCP, EPA expects to return groundwaters to their beneficial uses. The use of institutional controls 
shall not substitute for active response measures as the sole remedy unless such active measures are 
determined not to be practical, based on the balancing of trade-offs among alternatives that is conducted 
during selection of remedy. (§300.430(a)(J)(ii) (D)) 

Agree. Over the long term, returning water to its beneficial use is the goal of the ORNL Area
wide Groundwater Program. However, further policy decisions and site characterization work are 
necessary to determine what that beneficial use is. In the near term, resources should be directed to 
actions that will ensure protection of human health and the environment, including actions that could stop 
the spread of contamination that could move off site. When pertinent RIs and FSs have been completed 
and RODs issued, it will be determined whether groundwater remediation is technically practical on a 
case-by-case basis and, at that time, institutional controls may be implemented where appropriate. 

Page 5-12. Section 5.4. Paragraph 1 

EPA totally agrees with this paragraph. TDEC will also be involved in the policy decisions along with 
DOE, EPA, and the public. 

Inadvertent omission. "TDEC" will be added to the text. 

Page 5-12. 1st Bullet 

The criteria specified in the NCP for determining the needfor a removal action (§300.4J5(b)) should be 
used in this determination. Exceeding a PRG alone does not trigger the need for a CERCLA removal 
action. 

Agree. The bullet will be revised to read: "provide risk assessment input into the decision for 
the need for a CERCLA removal action according to the criteria described in the National Oil and 
Hazardous Substances Pollution Continge,ncy Plan, §300.415." 

Page 5-15. Section 5.4.3. Paragraph 2 

Any residuals present in "no action" areas should be included, along with remediation residuals, in 
evaluating risk. The "no action" source WA Gs are not likely to be at "zero risk" either. 

Agree. The text will be revised to read: "This risk assessment must compile a post-remediation 
report of residual risk associated with "no action" sources and post-remediation residual risks remaining 
after engineering controls have been implemented. " 
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Page 5-18. Table 5.4 

Is Co-61 is the correct radioisotope? Strontium isotopes should be listed separately: Were all previous 
strontium data analyzed as total? Is there any way to differentiate Sr-90, -89, etc.? 

The proposed Mas for radionuclides (FR 7118191) should be listed here. The 4 mrem/yr limit is as 
footnote "c" indicates, but it is a little misleading when one radionuclide Ma is listed and the others 
aren't. Since the anticipated date for the final rule is April, '1995, it would be prudent to list the 
proposed MCL levels specifically: 

Co-60 
5r-89 
Sr-90 
B-3 
U-234 

218 pCil1 
599 pall 
42 pCil1 
60,900 pCil1 (this may have been changed to 69,000) 
13.9 pCill ' 

Reference to Co-61 is typographical error that has been removed from the document. The 
specific isotopes of strontium that are COPCs for the OU are not known, although they are assumed to 
be Sr-90 and Sr-89. 

The MCL for radionuclides is a dose-based MCL, not a concentration-based MCL. Various 
assumptions must be used to convert the total dose into isotope-specific concentrations. This also involves 
understanding how many different radionuclides are present and may contribute to the total dose limit. 
At this point in the ORNL Area-wide Groundwater Program characterization process, we believe it is 
more prudent to list the ARAR as it stands in the regulations, not an interpretation of the ARAR. 

Chapter 6. Section 6.2 

In Section 6.2 different methods of evaluating aqUifer parameters or hydraulic connections within an 
aqUifer or between aqUifers are discussed. Section 6.2.4 proposes to use pulse tests to evaluate hydraulic 
connections during this investigation. Otherwise, Section 6.2 does not propose to use any specific method 
or combination of methods to evaluate aquifer parameters. Despite the statement in the introductory pan 
of Section 6.2 that the section summarizes the data gaps concerning hydrologic propenies of the various 
formations of concern, the text does not mention the existing hydraulic parameter database, which is no 
doubt extensive. 1n is unclear from this discussion what is needed overall to close data gaps at ORNL. 
Another statement should be added that hydrologic parameter studies in specific areas will be tailored 
to address specific data gaps at each specific area of investigation. The use of pulse tests has the 
drawback of potentially driving groundwater contaminants funher away from source areas. While this 
situation would probably be insignificant at this site, the proposal for this pulse test procedure in Section 
6.2.4 is very open ended, and the magnitude of such tests is unspecified. More information about the 
magnitude and potential adverse effects of the pulse tests should be provided. 

This section is designed to list the types of test methods that will be used to address data gaps that 
were identified in Section 2.4.6.2; it is not intended to be a sampling and analysis plan. As the reviewer 
states, the methods used to evaluate aquifer parameters or hydraulic connections will be tailored to 
address the specific data gaps at each specific area of investigation. 

Any aquifer test has the potential to move contaminants in the subsurface depending on local 
aquifer properties, volume of water moved, and duration of the test. Pumping tests of long duration have 
the potential to move contaminated groundwater further than short duration pressure pulse tests, which 
could be useful in defining the zone of influence of a groundwater extraction project. 
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Page 6-19 

The plan states that the geochemical monitoring is to be based upon the COPC list.· Full TALfJ'CL 
analyses should be conducted on a ponion of the sample locations for groundwater, surface water, seeps, 
and spring samples. 

Agree. The text will be changed to indicate that at least 10% of all samples collected for 
geochemical analysis will be analyzed for contaminants that will require the full T ALITCL. 

Chapter 7. Page 7-1. Section 7.1 

Many, if not all, of the nonintrusive activities should have been conducted as pan of the preparation of 
the groundwater l110rk plan. The three panies of the FFA have generally agreed that nonintrusive 
activities do not need specific approval from IDEC or EPA. 

Considering the number of years that this site has been studied, the first 18 11lOnths of the investigation 
should consist of more than historical data review, on-going monitoring of existing wells, seep sampling, 
and geophysical investigations. Areas that may be appropriate for interim or final remedial actions 
should be highlighted and investigated to proceed to remedy selection. 

Agree. It is true that a number of studies have been conducted previously at ORNL. However, 
in order for potential RI activities to occur effectively and efficiently, it will be necessary to compile data 
from these many disparate sources and collect new data to fill data gaps. One purpose of the initial 
characterization efforts will be to highlight areas that are appropriate for interim or final remedial actions. 
As these areas are identified, DOE will make recommendations for CERCLA actions and begin formal 
interaction with EPA and TDEC to prioritize in~estigations. 

Page 7-14. Section 7.5.5 

It is good that this area is highlighted due to the possibility for off-site transpon of contaminants. A 
primary goal should be establishing an understanding of the nature and extent of contamination to suppon 
alternatives development. 

We agree that establishing an understanding of the nature and extent of contamination at WAG 3 
should be, a primary goal. Section 7.5.5 was written with the intent of establishing such an 
understanding. The text will be revised to clarify DOE's intent. 

Chapter '8. Page 8-15. Section 8.3.6 

Blanks should be made of organic free water, not distilled or deionized water. Preservative blanks should 
be collected for QA/QC purposes. 

Agree. Text will be revised to indicate that blanks will be made of organic free water. 
Certificates of analysis are obtained for the preservatives that are used. 
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TDEC Comments and Responses 

General Comment 

This document describes site investigations within the Groundwater Operable Unit which will enhance 
DOE's ability to initiate a CERaA action. However, it does not seem to provide the normal amount of 
RI data necessary to suppon a feasibility study. The State concedes that site wide data gaps, such as exit 
pathways, need to be filled, and information gathered as a result of this document should suppon focused 
RI work plans. However, because it will not supply enough data to suppon a feasibility study, this 
document should not be presented as a RlWP at this time. 

The revised document will be submitted as the Characterization Plan for the ORNL Area-Wide 
/ 

Groundwater Program. The ORNL ER Program has established a groundwater OU for managing and 
prioritizing site-wide groundwater actions. 

Document Disclaimer 

The disclaimer used in this document is inappropriate. The second and founh sentences should be 
deleted. The information must be accurate, complete, useful, and must reflect the views and opinions of 
DOE. 

The wording for this standard DOE disclaimer currently is being reviewed; in the meantime, the 
disclaimer will be omitted from this document. 

Executive Summary. Page xvii 

The first paragraph states that a review of historical data will take place during the first 18 months of 
RI work. The review of historical data should take place before the development of the RI Work Plan in 
order to 1TU1Ximize the efficiency and effectiveness of the RI. 

Under DOE's current strategy for characterization of the ORNL GWOU, review of historical data 
will be conducted in conjunction with characterization work and will precede any RI work. 

Section 1.3, Lines 3 and 4 

The presumption that the groundwater divide is the same as the sUrface water divide is a questionable 
assumption based upon information being gathered from Well 883 and the Corehole 8 investigation. 

The presumption is presented here as an introductory comment. It is explicitly stated . in 
Section 2.4.3.1 that this presumption will be tested during characterization of the divide. 

Section 1.3. Paragraph 1 

The Fleenor formation of the Chickamauga Group has been designated as a member of the Lincolnshire 
formation and the spelling disagrees with the spelling in other areas in the document (page 2-1O)? Is the 
correct spelling Fleenor or Fleanor, and is it a member of that formation? 

The Fleanor is a member of the Lincolnshire Formation and the text in Section 1.3 will be 
changed to reflect this. The discussion of the Chickamauga Group in Section 2.2.2.4 correctly identifies 
the Fleanor as a member of the Lincolnshire Formation. 
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According to Hatcher et al. (1992), the correct spelling is Fleanor and all references to it will be 
spelled as such. . 

Page 1-10. Section 1.9 

The anticipated year of completion of this GWOU remedial investigation is 2008. How was this date 
determined, and does DOE expect to proceed with a feasibility study at the completion of the RI? 

At the time that the GWOU RI Plan was prepared (Winter 1993), the anticipated year of 
completion for the GWOU RI (2008) was set to coincide with the projected year of completion for the 
WAG 2 RI. This was based on a general strategy of dealing with contaminant source areas prior to 
focused activities on the integrator OUs at ORNL (Le., WAG 2 and the GWOU). As discussed at the 
June 1994 regulatory working group meeting, the revised approach for the GWOU investigation will 
involve conducting initial area-wide characterization/scoping studies. As data are developed through these 
general studies, discrete groundwater management units will be identified. CERCLA-based actions (RI, 
FS, PP, ROD, RA) will then be initiated on those discrete management units as necessary. Uncertainties 
regarding the extent of existing groundwater contamination, contaminant sources, contaminant transport, 
and exit pathways make it difficult to provide a firm schedule at this time for the GWOU area-wide 
characterization and subsequent discrete actions. It is very likely that some form of an FS will follow. 

Page 2-1. Sections 2.1 and 2.1.1 

It is stated in Section 2.1 that hydrologic propenies of the Knox Group make it an effective barrier to 
groundwater. Section 2.1.1 then states that because of the Knox Group's susceptibility to chemical 
weathering, it often exhibits Karstic features. These two statements are inconsistent, please explain. 

Knox Group outcrop areas on Chestnut Ridge and Copper Ridge are groundwater recharge areas 
and occur at elevated topographic positions relative to ORNL contaminant sources. The conceptual model 
for groundwater movement beneath Chestnut Ridge includes recharge via infiltration through the soil mass 
and directly into karst features with subsequent flow through karst hydrologic features to discharge at 
springs located near the Knox/Chickamauga contact at the northwestern edge of Bethel Valley and/or flow 
along strike within the Knox to discharge via streams or submerged springs to the Clinch River. This 
conceptual model of hydrogeology for Chestnut Ridge and Bethel Valley suggests that the Knox aquifer 
northwest of and beneath Bethel Valley should be under elevated head pressure relative to the region in 
Bethel Valley where ORNL contaminant sources lie, therefore minimizing the likelihood that groundwater 
from Bethel Valley could flow into the Knox aquifer. The conceptual model for groundwater flow in the 
Knox beneath Copper Ridge includes recharge via infiltration through soil and karst features into the 
Knox/Maynardville aquifer with flow via karst hydrologic features to streams and springs discharging to 
White Oak Creek and the Clinch River. Some groundwater discharges into Melton Valley via spring 
discharges near the base of the Maynardville Limestone (possibly because of the lower permeability of 
the uriderlying Nolichucky Shale); however, most of the recharge on Copper Ridge apparently flows 
down dip and along strike to discharge into Melton Hill Reservoir or into the Clinch River. Again, the 
elevated topographic position of the Knox on Copper Ridge relative to Melton Valley is assumed to 
prevent groundwater from flowing out of Melton Valley into the Knox aquifer to the southeast of the 
ORNL GWOU. 

Section 2.2.2.1. Lines 6-10 

In reference to the soluble bed(s) in the Rome Formation as referenced in Section 2.2.2.1 and earlier in 
Section 2.1.3, is the implication that this unit serves as a pressure barrier between valleys based on 
modeling or is it an assumption? 

This is a conclusion based on observation of three· multi-zoned, hydraulic-head monitoring 
stations. 
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Section 2.2.2.4. Page 2-10 

Is the correct spelling of "Edison" as shown in the text or "Eidson,i as shown on page 2-11 ? 

The correct spelling is Eidson and will be spelled as such in all appropriate places. 

Section 2.2.5 

12 % of wells intersecting cavities having a mean dimension of 1. 8 ft. should be considered to be quite ' 
significant. This number is large compared to the predicted percentage of. 04% for conduit intersection 
in Karst terrains given by Quinlan and Ewers, 1985 (in Groundwater Flow in Limestone, 5th National 
Symposium Aquifer Restoration and Groundwater Monitoring, pp. 197-234). 

Agree. Solution cavities in karst comprise a significant factor in groundwater flow in the ORR. 
Language in the text will be revised to indicate its importance. 

Page 2-20. Section 2.3.3.1 

Funher explanation should be given to explain how "opposite changes in hydraulic gradient and saturated 
thickness" occur from one topographic location to another. 

The text will be clarified by stating, "compensating changes in hydraulic gradient ... to another 
in order to conserve, mass in the aquifer. " ' 

Page 2-23. Section 2.3.3.2 

The dip section shows no fractures normal to bedding - is this an accurate representation? 

As stated in the figure caption~ the figure is a hypothetical, conceptual representation of fracture 
density. A statement to this effect will be added to the text. 

Page 2-26. Section 2.3.3.4 

Should "biothermal origin" actually be "biohermal origin". If currently correct, please explain the 
meaning of this term. 

The term should read biohermal and the text will be changed accordingly. 

Section 2.3.3.7 

The final paragraph of this section implies the absence of rapid groundwater movement except at the base 
of the Knox (presumably the Maynardville-Copper Ridge contact?). The only evidence in suppon of this 
shows flow hypothesis comes from hydraulic conductivity values obtained through conventional borehole 
tests. It has often been demonstrated that such methods are inadequate to characterize flow in carbonate 
aqUifers (see Quinlan, et. al., 11. of Hydraulic Engineering, volume 119, number 12, pp. 1436-1441). 

The information in this paragraph is needlessly complicated and tends to detract from the 
objective of the document, which is to present a general strategy for characterizing contaminant migration 
via groundwater at ORNL. Therefore, this paragraph will be deleted from the revised document. 
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Page 2-43. Section 2.4.6.2. Paragraph 3 

Has there been any attempt to verify the zero natural flow conditions reponed by Moore in 1988? If so, 
please briefly discuss. 

No detailed water budget analysis has been performed since 1988. However, surface water flow 
data are reviewed and reported in the annual hydrologic summary report (Le., Borders et al. 1993. 
Hydrologic Data Summary for the lWtite Oak Creek Watershed at Oak Ridge National Laboratory, Oak 
Ridge, Tennessee, ORNLlER-166). Under low-flow conditions, surface water data show a discrepancy 
in flow between the 7500 bridge site and the White Oak Creek station at the confluence with Melton 
Branch. The cause of this apparent loss in flow volume is still unknown. 

Chapter 3 

There are several instances where areas of concern are mentioned without reference to a drawing. Such 
areas should be referenced in drawings to allow better understanding of the material. 

The intent of Chap. 3 is to provide summaries of the results of contaminant source WAG 
investigations and historical data. Maps presented in Chap. 3 are either reproductions of maps provided 
in reference documents for this chapter or are maps generated from information contained in the ORNL 
map data base. The specific areas that are presented on the maps in Chap. 3 are therefore limited to 
those areas available from these two sources of information. 

Page 3-48. Section 3.7.1.1 

Is the use of the term ''fissile II meant to describe material which is fissionable or that which is easily split 
into thin layers? 

The term "fissile" as used throughout Chapter 3 describes materials that are fissionable. j, -;::': 

Page 3-59. Section 3.8.1.13 

lWtat was the final disposition of the "corehole located 60 meters nonh of the injection well"? 

The well still exists and is listed as inactive in the ORNL data base. 

Chapter 4 

The discussion in Section 2.3.3.4 makes a convincing argument that groundwater contaminant pathWays 
may be strata bound or follow structurally related preferential flow paths. Modeling ejfons that do not 
attempt to account for these preferential pathWays are likely to provide little information that could be 
used in a defensible risk assessment or in the choice or design of a remedial action. Verifiable 
quantitative modeling of this groundwater system may require' such extensive data inputs that time 
constraints or financial resources would make such an ejfon impossible. For risk assessment purposes, 
modeling might be most useful as a means of better understanding the range of uncenainty inherent in 
predicting groundwater pathway future risks. 

Agree. The document lays out plans to gather critical information to feed site-specific models' 
that address the dominant flowpaths in order to strengthen remedial designs. 
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Page 4-3. Section 4.1.1.1. Part 4 

The conceptual model description does not include mention of conduit flow. Is this concept not 
considered appropriate for the site? 

Testing the site conceptual model will involve investigations of many hydrogeologic 
heterogeneities that include, but are not limited to, local conductivity contrasts, cavities, and conduit flow. 
Conduit flow will be added to this section as an important component of the site conceptual model. 

Section 7.3.1.1. Last Sentence 

Section 8.5 includes no discussion of other deep wells to be used. Please clarify. 

Reference to Section 8.5 is an error. It should be Section 7.5 and the text will be changed 
accordingly. 

93-140P/082394 18 

\' ~ 

~ 



DOEIORlOI-1252&D2 
ORNUER-221&D2 

Previously issued as Remedial Investigation Work Plan for the Groundwater 
Operable Unit at Oak Ridge National Laboratory, Oak Ridge, Tennessee, 

DOE/ORlOl-1252&Dl, ORNUER-221&Dl, March 1994 

Energy Systems Environmental Restoration Program 
ORNL Environmental Restoration Program 

Characterization Plan for the Oak Ridge National Laboratory 
Area-Wide Groundwater Program, Oak Ridge, Tennessee 

94-0 1 OMSlO82294 

Date Issued-August 1994 

Prepared by 
Science Applications International Corporation 

Oak Ridge, Tennessee 
under contract 95B-99069C-XO 1-1 06 

Prepared for 
U.S. Department of Energy 

Office of Environmental Restoration and Waste Management 
under budget and reporting code EW 20 

OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 37831-6285 

managed by 
MARTIN MARIETTA ENERGY SYSTEMS, INC. 

for the 
U.S. DEPARTMENT OF ENERGY 

under contract DE-AC05-840R21400 

3 4456 0386876 8 _J 



-'
--

--
--

--
--

--
--

--
--



CONTENTS 

FIGURES ............................................... . 
TABLES ............................................... . 
ACRONYMS ............................................ . 
EXECU11VESU~Y .................................... . 

1. INTRODUCTION .................................... .. . 
1.1 REGULATORY INITIATIVE . . . . . . . . . . . . . . . . . . . . . ...... . 
1.2 ORR ENVIRONMENTAL RESTORATION PROGRAM ......... . 
1.3 ORNL GROUNDWATER OPERABLE UNIT ................ . 
1.4 PURPOSE AND SCOPE OF THE ORNL GROUNDWATER 

CHARACTERIZATION PLAN .......................... . 
1.5 RI IMPLEMENTATION STRATEGY ..................... . 
1.6 RELA TIONSHIP OF GWOU TO CONTAMINANT SOURCE 

WAG ACTIVITIES ................................. . 
1.7 IDENTIFICATION OF POTENTIAL CLASSES OF REMEDIAL 

TECHNOLOGIES .................................. . 
1.8 RISK ASSESSMENT FOR THE GWOU .................... . 

. 1.9 PROJECT SCHEDULE . . . . . . . . . . . . . . . . . . . . .. . ....... . 
1.10 DATA QUALITY OBJECTIVES ......................... . 

1.10.1 Decisions To Be Made .................. ' .... ' .... . 
1.10.2 Inputs to the Decision ........................... . 
1.10.3 Decision Rule ................................ . 
1.10.4 Uncertainty Constraints .......................... . 
1.10.5 Design Optimization ........................... . 

1.11 QUALITY ASSURANCE ............................. . 
1.11.1 Program Planning and Implementation .....'....... .... . 
1.11.2 Project-specific Planning . . . . . . . . . . . . . . . . . . . . . . . . . . 

2. ORNL GWOU SITE CONCEPTUAL MODEL .................... . 
2.1 INTRODUCTION .................................. . 

2.1.1 Geological Setting of the GWOU ................... . 
2.1.2 GWOU Hydrological Conceptual Model ..... ' .......... . 
2.1.3 GWOU Boundaries and Pathways ................... . 

2.2 GEOLOGICAL SETTING ............................. . 
2.2.1 Location and Physiography ....................... . 
2.2.2 Stratigraphy ................................. . 
2.2.3 Structural Geology ............................. . 
2.2.4 Fractures ................................... . 
2.2.5 Cavities and Solution Openings ..................... . 

2.3 GWOU HYDROLOGICAL CONCEP11JAL MODEL ............ . 
2.3.1 Stormflow Zone .............................. . 
2.3.2 Vadose Zone ................................ . 
2.3.3 Groundwater Zone ............................. . 
2.3.4 Groundwater Geochemistry ....................... . 
2.3.5 Surface Water ............................... . 

93-140P/082294 iii 

ix 
xi 

xlii 
xv 

1-1 
1-1 
1-2 
1-4 

1-4 
1-7 

1-8 

1-9 
I-ll 
1-11 
1-11 
1-13 
I-IS 
1-17 
1-19 
1-20 
1-20 
1-20 
1-21 

2-1 
2-1 
2-1 
2-2 
2-2 
2-3 
2-3 
2-6 

2-13 
2-13 
2-15 
2-16 
2-18 
2-18 
2-20 
2-30 
2-34 



I 
2.4 GWOU BOUNDARIES AND PATHWAYS .................. . 2-35 I 

2.4.1 North and South Boundaries ....................... . 2-37 
2.4.2 Medial Boundary .............................. . 
2.4.3 West Boundary ............................... . 

2-39 I 2-40 
2.4.4 East Boundary ............................... . 241 
2.4.5 Basal Boundary ............................... . 
2.4.6 Flow Systems and Exit Pathways ................... . 

242 

I 243 

3. NATURE AND EXTENT OF GROUNDWATER CONTAMINATION ..... . 
3.1 INTRODUCTION .................................. . 
3.2· WAG 1 ......................................... . 

3-1 

I 3-1 
3-1 

3.2.1 Site Location, Description, and Background ............. . 
3.2.2 Characterization of Groundwater Contamination .......... . 

3.3 WAG 2 ......................................... . 

3-1 

I 3-5 
3-20 

3.3.1 Site Location, Description, and Background ............. . 
3.3.2 Characterization of Groundwater Contamination (Upper WAG 2) 
3.3.3 Characterization of Groundwater Contamination (Lower WAG 2) 

3-20 

I 3-23 
3-27 

3.4 WAG 3 ........................................ . 3-29 
3.4.1 Site Location, Description, and Background ............. . 
3.4.2 Characterization of Groundwater Contamination .......... . I 3-29 

3-32 
3.5 WAG 4 ........................................ . 3-35 

3.5.1 Site Location, Description, and Background ............. . 
3.5.2 Characterization of Groundwater Contamination .......... . I 3-35 

3-37 
3.6 WAG 5 ............................... , ........ . 341 

3.6.1 Site Location, Description, and Background ............. . 
3.6.2 Characterization of Groundwater Contamination .......... . 

341 I 344 
3.7 WAG 6 ........................................ . 349 

3.7.1 Site Location, Description, and Background . . . . . . . . . . . .. . 
3.7.2 Characterization of Groundwater Contamination .......... . 

349 I 3-51 
3.8 WAG 7 ........................................ . 3-52 

3.8.1 Site Location, Description, and Background . . . . . . . . . . . . . . 
3.8.2 Characterization of Groundwater Contamination .......... . 

3-52 I 3-60 
3.9 WAG 8 ........................................ . 3-65 

3.9.1 Site Location, Description, and Background ............. . 
3.9.2 Characterization of Groundwater Contamination .......... . 

3.10 WAG 9 ........................................ . 

3-65 

I 3-71 
3-74 

3.10.1 Site Location, Description, and Background . . . . . . . . . . .. . . 
3.10.2 Characterization of Groundwater Contamination .......... . 

3.11 WAG 10 ........................................ . 

3-74 

I 3-76 
3-77 

3.11.1 Site Location, Description, and Background ............. . 
oJ .11.2 Characterization of Groundwater Contamination .......... . 

3.12 WAG12 ........................................ . 

3-77 

I 3-80 
3-80 

3.12.1 Site.Location, Description, and Background ............. . 
3.12.2 Characterization of Groundwater Contamination .......... . 

3.13 WAG17 ........................................ . 

3-80 

I 3-81 
3-81 

3.13.1 Site Location, Description, and Background ............. . 
3.13.2 Characterization of Groundwater Contamination .......... . 

3.14 WAG19 .......................................... . 

3-81 

I 3-83 
3-84 

3.14.1 Site Location, Description, and Background ............. . 3-84 
3.14.2 Characterization of Groundwater Contamination .......... . 3-86 I 

93-140P/082294 iv 

I 



4. GROUNDWATER MODELING, AND CONTAMINANT FATE AND 
TRANSPORT INVESTIGATIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1' 
4.1 GROUNDWATER FLOW AND CONTAMINANT TRANSPORT 

MODELING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1 
4.1.1 Regional Models ................... : . . . . . . . . . . . 4-2 
4.1.2 Local Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-5 
4.1.3 Resources ............................ ~ . . . . . . 4-8 

4.2 CONTAMINANT FATE AND TRANSPORT 
INVESTIGATIONS .................................. 4-9 
4.2.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9 
4.2.2 Contaminant Source Concentration ................... 4-11 
4.2.3 Retardation Mechanism Definition ................... , 4-11 
4.2.4 Soil and Bedrock Porosity Determinations . . . . . . . . . . . . . .. 4-12 
4.2.5 Mineralogic Characterization .................. . . . .. 4-12 

5. RISK ASSESSMENT ................................. ... . 
5.1 INTRODUCTION .................................. . 
5.2 CONCEPTUAL RISK MODEL .......................... . 

5.2.1 Fate and Transport ............................ . 
5.2.2 Exposure Model .............................. . 
5.2.3 Current COPCs and Associated Risk ................. . 
5.2.4 Uncertainties in the Conceptual Risk Model ............. . 

5.3 RISK ASSESSMENT STRATEGY FOR THE GWOU ' ........... . 
5.4 RISK ASSESSMENT ACTIVITIES AND METHODS ........... . 

5.4.1' Near-Term Support ............................ . 
5.4.2 Mid-Phase Support ............................ . 
5.4.3 Final-Phase Support ............................ . 

5.5 RISK MANAGEMENT SUPPORT ......................... ' 
5.6 IDENTIFICATION OF CHEMICAL-SPECIFIC ARARS .......... . 

6. GWOU TEST METHODS ................................. . 
6.1 INTRODUCTION .................................. . 
6.2 AQUIFER PARAMETERS ............................. . 

6.2.1 Slug Tests .................................. . 
6.2.2 Pumping Tests ..................... . ......... . 
6.2.3 Tracer Tests ................................. . 
6.2.4 Pulse Train Tests ............................. . 
6.2.5 TV A Electromagnetic Borehole Flowmeter Tests .......... . 
6.2.6 Rock and Soil Parameters ........................ . 

6.3 GROUNDWATER FLOW SYSTEM DEFINmON ............. . 
6.3.1 Seep and Spring Monitoring ....................... . 
6.3.2 Stream Flow Monitoring ......................... . 
6.3.3 Piezometric Head Measurements .................... . 
6.3.4 Geochemical Monitoring ......................... . 

6.4 SUBSURFACE CHARACTERIZATION .................... . 
6.4.1 Core Drilling ................................ . 
6.4.2 Geophysical Borehole Logs ....................... . 
6.4.3 Surface Geophysical Investigations ............ , .. " .. . 

93-140P/082294 v 

5-1 
5-1 
5-2 
5-2 
5-2 

,·5-3 
-5:':10 
'SQ4 
5-16 
5-16 
5-18 
5'-19 
5-20 
5::'20 

6-1 
6-1 
6-1 
6-1 
6-1 
6-2 
,6-3 
6-3 
6-4 
6-9 

6-11 
6-13 
6-13 
6-21 
6-22 
6-22 
6-23 
6-27 

~ t. 

J; 
" ./ : 



• 
7. FIELD SAMPLING/SURVEY PLAN 7-1 I 

7.1 INTRODUCTION ................ · .................. . 7-1 
7.2 OBSERVATIONAL APPROACH ........................ . 
7.3 DATA REVIEW ................................... . 

7-1 I 7-5 
7.3.1 Groundwater Well Review . . . . . . . . . . . . . . . . . . . . . . . . . 7-5 
7.3.2 Seeps and Springs Review ........................ . 

7.4 SAMPLING AND SURVEY APPROACH AND RATIONALE ...... . 
7.4.1 Overview................................... 

7-6 

I 7-6 
7-6 

7.4.2 Clinch River.Thermal Mapping .................... . 
7.4.3 Geophysical Investigations ........................ . 
7.4.4 Piezometric Measurements and Well Sampling ........... . 

7-7 
7-7 I 7-10 

7.4.5 Seep and Spring Sampling ........................ . 
7.5 FIELD SAMPLING/SURVEY PLAN ...................... . 

7.5.1 Clinch River Thermal Mapping .................... . 

7-11 
7-11 I 7-12 

7.5.2 Raccoon Creek and Bearden Creek Monitoring/Sampling .... . 
7.5.3 Haw Ridge Dolostone Mapping .................... . 
7.5.4 GWOU Water Level Monitoring .................... . 

7-12 
7-13 I 7-14 

7.5.5 WAG 3 Water Level Monitoring .................... . 
7.5.6 WAG 1 Pressure Monitoring and Well Sampling .......... . 
7.5.7 WAG 5 Westbay Monitoring and Sampling ............. . 

7-15 
7-16 I 7-17 

7.5.8 Hydrofracture Pressure Monitoring and Sampling ......... . 7-17 
7.5.9 HHMS Pressure Monitoring and Sampling ............. . 
7.5.10 Geophysical Investigations . . . . . . . . . . . . . . . . . . . . . . . . . 

7-18 I 7-18 

8. QUALITY ASSURANCE PROJECT PLAN ...................... . 
8.1 QUALITY ASSURANCE OVERVIEW ..................... . 

8-1 I 8-1 
8.1.1 Project Description ...... ~ ..................... . 8-1 
8.1.2 Modular ProfIle .............................. . 
8.1.3 Exclusion Rationale ............................ . 

8-1 I 8-5 
8.2 PROJECT ORGANIZATION ........................... . 8-5 

8.2.1 Responsibilities ............................... . 
8.3 QA PROGRAM .................................... . 

8-5 I 8-12 
8.3.1 QA Program ................................ . 8-12 
8.3.2 QA Planning ................................ . 
8.3.3 DQOs ...................... ~ ............. . 
8.3.4 QA Program Status Reporting ..................... . 

8-12 

I 8-12 
8-14 

8.3.5 QA Training and Awareness ...................... . 
8.3.6 QC Samples. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . 

8.4 PROCUREMENT DOCUMENT CONTROL ................. . 

8-14 
8-15 . I 8-16 

8.5 INSTRUCTIONS, PROCEDURES, AND DRAWINGS ........... . 
8.5.1 Responsibilities ............................... . 
8.5.2 Standard Operating Procedures and Instructions .......... . 

8-16 
8-16 I 8-20 

8.6 DOCUMENT CONTROL .............................. . 
8.6.1 Responsibilities......... . . . . . . . . . . . . . . . . . . . . . .. 
8.6.2 Procedures .................................. . 

8-20 
8-20 I 8-22 

8.7 CONTROL OF PURCHASED ITEMS AND SERVICES .......... . 8-22 
8.7.1 Responsibilities................................ 
8.7.2 Procedures ................................... . 

8-22 I 8-22 
8.8 IDENTIFICATION AND CONTROL OF ITEMS ..... ;. ' ....... . 8-25 

8.8.1 Responsibilities ............................... . 8-25 I 
93-140Pf082294 vi 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

8.8.2 Procedures................................... 8-25 
8.9 CONTROL OF PROCESSES ............................ 8-26 

8.9.1 Responsibilities................................ 8-26 
8.9.2 Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8-26 

8.10 INSPECTION...................................... 8-27 
8.10.1 Responsibilities of the Project Manager. . . . . . . . . . . . . . . .. 8-27 
8.10.2 Responsibilities of the QA/QC Coordinator ..... '. . . . . . . .. 8-27 

8.11 TEST CONTROL ................................... 8-27 
8.11.1 Data Summarization, Validation, and Reporting ........... 8-27 
8.11.2 Field Data Reduction and Evaluation ...... . . . . . . . . . . .. 8-28 
8.11.3 Analytical Laboratory Data Reduction and Evaluation. . . . . . .. 8-28 

8.12 CONTROL OF MEASURING- AND TESTING- EQUIPMENT 
CALIBRATION . . . . . . . . ',' . . . . . . . . . .. . . . . . . . . . . . . . . .. 8-29 
8.12.1 Responsibilities................................ 8-29 
8.12.2 Procedures ................. ,.................. 8-29 

8.13 HANDLING, STORAGE, AND SHIPPING . . . . . . . . . . . . . . . . . .. 8-29 
8.13.1 Responsibilities................................. 8-29 
8.13.2 Procedures................................... 8-29 

8.14 INSPECTI,ON, TESTING, AND OPERATING STATUS. . . . . . . . . .. 8-29 
8.15 NONCONFORMANCE................................ 8-30 

8.15.1 Responsibilities................................ 8-30 
8.15.2 Procedures................................... 8-30 

8.16 CORRECTIVE ACTIONS .............................. 8-31 
8.17 QA RECORDS ..................................... 8-31 
8.18 AUDITS ......................................... 8-32 

8.18.1 Responsibilities of,the QA/QC Coordinator .. . . . . . . . . . . .. 8-32 
8.18.2 Procedures................................... 8-32 

8.19 SOFTWARE QA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8-34 
8.19.1 Responsibilities of the Project manager . . . . . . . . . . . . . . . .. 8-34 
8.19.2 Procedures................... ............... 8-34 

8.20 TECHNICAL AND PEER R,EVIEWS ..................... " 8-34 
8.20.1 Responsibilities................................ 8-34 
8.20.2 Procedures .................. '. . . . . . . . . . . .. ... 8-35 

9. HEALTH AND SAFETY PLAN ......... ,.'. . . . . . . . . . . . . . . . . . . . 9-1 
9.1 INTRODUCTION................................... 9-1 
9.2 PROPOSED PLAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .... 9-1 
9.3 PLAN SCOPE . . . . . . . . . . . . . . . . . . . . '.' . . '. . . . . . . . . . . . . . 9-1 

10. WASTE MANAGEMENT PLAN. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-1 
10.1 INTRODUCTION ................................... 10-1 

'10.2 GENERAL SITE INFORMATION. . . . . . . . . . . . . . . . . . . . . . . .. 10-1 
10.3 GENERAL PROJECT DESCRIPTION ... . . . . . . . . . . . . . . . . . .. 10-1 
10.4 ORGANIZATIONAL STRUCTURE AND RESPONSmiLITY . . . . . .. 10-1 

. 10.4.1 DOE ...................................... 10-2 
10.4.2 Energy Systems ............................... 10-2 
10.4.3 Ebasco Services, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-2 
10.4.4 M-K Ferguson ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-2 
10.4.5 Service Contractor or Fixed Price Subcontractors .......... 10-3 
10.4.6 Generator Certification Official . . . . . . . . . . . . . . . . . .. . .. 10-3 

93-l40P/082294 'vii 

" ;." 

,'I,:" 

{"I 

.;; 



10.5 

10.6 

10.7 
10.8 

10.9 

10.4.7 Laboratory Certification Official . . . . . . . . . . . . . . . . . . . .. 10-5 
10.4.8 Generator-Packager .. . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-5 
WASTE GENERATION ............................... 10-10 
10.5.1 Waste-Generating Activities . . . . . . . . . . . . . . . . . . . . . . . . . 10-10 
10.5.2 Possible Wastes Generated. . . . . . . . . . . . . . . . . . . . . . . .. 10-10 
WASTE PACKAGING AND HANDUNG . . . . . . . . . . . . . . . . . . .. 10-12 
10.6.1 Generating................................... 10-12 
10.6.2 Segregating ....... . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-12 
10.6.3 Packaging and Handling ...................... . . .. 10-12 
10.6.4 Equipment Decontamination. . . . . . . . . . . . . . . . . . . . . . .. 10-13 
WASTE MINIMIZATION ............................ " 10-13 
CONTROL PROGRAMS. . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. 10-14 
10.8.1 HPIIH Surveys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-14 
10.8.2 Controls ........... . . . . . . . . . . . . . . . . . . . . . . . .. 10-14 
10.8.3 Personnel Exposure Control. . . . . . . . . . . . . . . . . . . . .. .. 10-14 
10.8.4 Training . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-14 
10.8.5 QA Requirements .............................. 10-15 
10.8.6 Spill Control ................................. 10-15 
TEMPORARY STORAGE OF WASTE. . . . . . . . . . . . . . . . . . . . .. 10-15 

11. DATA MANAGEMENT PLAN .............................. . 11-1 
11-1 
11-1 
11-2 
11-2 

11.1 INTRODUCTION .................................. . 
11.2 PURPOSE AND GOAL ............................... . 
11.3 SCOPE ......................................... . 
11.4 FUNCTIONAL RESPONSIBILmES ...................... . 
11.5 DATA MANAGEMENT ACTIVmES AND RESPONSIBILITIES ... . 

11.5.1 Phase 1: Planning. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
11.5.2 Phase 2: Field Preparation and Sampling .............. . 
11.5.3 Phase 3: Data Verification and Validation .............. . 
11.5.4 Phase 4: Data Analysis and Presentation .............. . 

12. REFERENCES 

11-11 
11-11 
11-14 
11-17 
11-22 

12-1 

APPENDIX A SUMMARY OF RISK RESULTS FOR COMPLIANCE WELLS AND 
GROUNDWATER DATA COLLECTED FOR REMEDIAL 
INVESTIGATIONS AT WAGS 1,5. AND 6 ............ A-I 

93-140P/082294 viii 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1.1 
1.2 

1.3 
1.4 
2.1 

2.2 
2.3 

2.4 
, 2.5 

2.6 
2.7 

2.8 

2.9 

2.10 

3.1 
3.2 
3.3 
3.4 
3.5 

3.6 

3.7 

3.8 

3.9 
3.10 

3.11 

3.12 
3.13 
3.14 
3.15 
3.16 
3.17 
3.18 
3.19 

-FIGURES 

Boundaries of ORNL WAGs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-5 
Schematic model of the relationship between the source WAGs 
and the integrator GWOU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-10 
The DQO development process ............................. 1-12 
Flow diagram showing the integrator-source OU investigation process . . . . . 1-14 
Location map showing the relationship of ORNL to the physiographic 
provinces of Tennessee .................................. 2-4 
Generalized geologic map of the vicinity around ORNL . . . . . . . . . . . . . . 2-5 
Correlation of Stockdale's (1951) unit designations with formal 
formation names for Chickamauga Group rocks ................... 2-11 
Schematic geologic cross section in the vicinity of the GWOU . . . . . . . . .. 2-14 
Generalized map of ORR showing surface distribution of the Knox aquifer 
and the ORR aquitards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " 2-17 
A schematic drawing showing conceptual groundwater flow at ORNL ..... 2-19 
Cumulative probability graph of transmissivity data for 
water-producing intervals and matrix fractures . . . . . . . . . . . . . . . . . . .. 2-21 
Sections showing hypothetical differences in trends and densities of . 
fractures near ORNL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-24 
Location map and sections showing specific conductance of water 
along lines of paired shallow and deeper wells . . . . . . . . . . . . . . . . . . .. 2-32 
Schematic representation of the GWOU at ORNL showing its boundaries, 
major surface features. and major subsurface geological features. . . . . . . .. 2-36 
Location of WAGs at ORNL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2 
Location of WAG 1 at ORNL .............................. . 3-3 
Overview of radiological contamination in groundwater at WAG 1 ...... .',3-7 
Distribution of TCE and degradation products in groundwater at WAG 1 ... -"'3-9 
Cadmium detected in unfiltered groundwater samples exceeding 5 p.g/L 
during low base flow conditions at WAG 1 .................... " 3-11 
Locations of buildings or other facilities associated with groundwater 
contamination within WAG 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _. 3-13 
Locations of monitoring wells, piezometers, and coreholes associated 
with groundwater contamination within WAG 1 ........... . . . . . . .. 3-15 
Locations of contamination in the western portion of WAG 1 
and interpreted plume configuration . . . . . . . . . . . . . . . . . . . . . 3-17 
Location of WAG 2 at ORNL .............................. 3-21 
Location of selected monitoring wells and piezometers located 
within Upper WAG 2 ................................... 3-22 
Location of selected monitoring wells and piezometers located 
within Lower WAG 2 ................................... 3-24 
Location of WAG 3 at ORNL .............................. 3-30 
Location of selected monitoring wells within WAG 3 . . . . .. . . . . . . . . .. 3-33 
Location of WAG 4 at ORNL .............................. 3-36 
Location of selected monitoring wells within WAG 4 . . . . . . . . . . . . . . .. 3-39 
Location of WAG 5 at ORNL .............................. 3-42 
Location of selected monitoring wells within WAG 5 . . . . . . . . . . . . . . .. 3-46 
Location of WAG 6 at ORNL ............................... 3-50 
Location of selected monitoring wells within WAG 6 . . . . . . . . . . . . . . .. 3-53 

93-140P/082294 ix 



3.20 Location of WAG 7 at ORNL ..................... -........ . 
3.21 Location of selected monitoring wells within WAG 7 . . . . . . . . . . . .. . . . 
3.22 Location of WAG 8 at ORNL ............................. . 
3.23 Location of selected monitoring wells within WAG 8 . " ............. . 
3.24 Location of WAG 9 at ORNL ............................. . 
3.25 Location of selected monitoring wells within WAG 9 ............... . 
3.26 Location of WAG 17 at ORNL ............................ . 
3.27 Location of selected monitoring wells within WAG 17 . . . . . . . . . . . . . . . 
4.1 Conceptual flow chart for conducting fate and transport modeling ....... . 
5.1 WAG contributions to risk in the GWOU ...................... . 
5.2 Major decisions and likely receptor locations for risk assessment support .. . 
6.1 Known locations of GWOU seeps and springs ......... . . . . . . .... . 
6.2 ORNL surface water monitoring stations ................ ...... . 
6.3 Location of wells included in routine water level measurement programs 

at ORNL ............................... " ........... . 
6.4 Westbay Multiport (MP) system showing packerlbackfill and port setup ... . 
6.5 Multiport pressure probe operation .......................... . 
6.6 Example of actual MP installation using 19 measurement port couplings 

isolated by 22 water inflated packers . . . . . . . . . . . . ., . . . . . . . . . . . . 
6.7 Example of six different geophysical logs of a well in the 

upper Brazos River Basin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
7.1 Timeline for proposed activities during the first 18 months of GWOU .... . 
7.2 Rl 7-Year Plan ....................................... . 
7.3 Areas of investigation for GWOU . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10.1 Container Packing List form (TX-5749 VLO) ................... . 
10.2 Waste Pickup Request form (TX-5753 V1.0) ........... , ........ . 
10.3 Environmental Restoration Waste Management Program Total Generated 

Waste form (UCN-1911) ................................ . 
10.4 Waste Item Description form (UCN-2109) ..................... . 
11.1 Data management process model ........................... . 

93· 140P/082294 x 

3-55 
3-61 
3-66 
3-72 
3-75 
3-78 
3-82 
3-85 
4-10 
5-13 
5-15 
6-12 
6-14 

6-16 
6-18 
6-19 

6-20 

6-25 
7-2 
7-3 
74 

104 
10-6 

10-7 
10-8 
11-3 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2.1 
2.2 
3.1 

3.2 

3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
5.1 
5.2 
5.3 
5.4 

5.5 
5.6 
5.7. 
6.1 

8.1 
8.2 
8.3 
10.1 

11.1 

TABLES 

Geologic units of the ORR ............................... . 
Number of cavities in wells by geologic unit . . . . . . . . . . . . . . . . . . . . . 
Summary of Upper WAG 2 groundwater monitoring system wells 
and piezometers ...................................... . 
Summary of Lower WAG 2 groundwater monitoring system wells 
and piezometers ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Summary of WAG 3 groundwater monitoring system wells .......... . 
Summary of WAG 4 groundwater monitoring system wells ........ .. . 
Summary of WAG 5 groundwater monitoring system wells .......... . 
Summary of WAG 6 groundwater monitoring system wells .......... . 
Summary of WAG 7 groundwater monitoring system wells ... ....... . 
Summary of WAG 8 groundwater monitoring system wells .... ...... . 
Summary of WAG 9 groundwater monitoring system wells .......... . 
Summary of WAG 17 groundwater monitoring system wells ......... . 
Residential parameters for the drinking water pathway . . . . . . . . . . . . . . . 
Residential parameters for dermal contact with groundwater .......... . 
Residential parameters for indoor inhalation pathway . . . . . . . . . . . . . . . . 
Chemicals of concern in ORNL perimeter groundwater wells 
with risks > 1 x 1 <r' .................................. . 
GWOU wells ranked by total risk with quality of aquifer denotations ..... . 
Tiered approach for estimating plume water flow volumes ....... .... ' . 
Safe Drinking Water Act maximum contaminant levels ............. . 
Borehole geophysical methods applicable for ORNL OU groundwater 
investigations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Modular profile for the GWOU project ....................... . 
GWOU project document summary .......................... . 
Surveillance activities .................................. . 
Categories of solid and liquids wastes that may be generated 
during implementation of GWOU project-specific activities ........... . 
Mapping of data management activities to proposed set of data management 
procedures and suggested interim guidance documents . . . . . . . . . . . . . . . 

93-140P/082294 xi 

2-7 
2-16 

3-25 

3-28 
3-34 
3-40 
3-47 
3-54 
3-62 
3-73 
3-79 
3-86 
5-5 
5-6 
5-7 

'5-8 
5-11 
5-18 
5-21 

6.:.24 
8-2 
8-6 

8-21 

10-11 

11-4 

,:; 

, 
" 



-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
-
-
-
-



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ADP 
ANSI/ASME 

ARARs 
ASTM 
CCS 
CERCLA 

CLP 
COC 
COPC 
DAF 
DC 
DMC 
DMP 
DOE 
DOE-ORO 
DQO 
EM 
Energy Systems 
EPA 
ER 
ESD 
FFA 
FM 
FS 
FS/SP 
GPR 
GWOU 
H&S 
HFIR 
HHMS 
HP 
HPCC 
HRE 
HRT 
ID 
IDW 
IH 
ILLW 
IP 
LLLW 
LLW 
MCL 
MP 
NCP 
NEPA 

93-140P/082294 

ACRONYMS 

automated data processing 
American National Standards Institute/American Society of Mechanical 
Engineers 
applicable or relevant and appropriate requirements 
American Society for Testing and Materials 
Contract Compliance Screening 
Comprehensive Environmental Response, Compensation, and Liability Act 
of 1980 
Contract Laboratory Program 
chain of custody 
contaminant of potential concern 
dilutionl attenuation factor 
direct control 
Document Management Center 
Data Management Plan 
U.S. Department of Energy 
DOE-Oak Ridge Operations 
data quality objective 
electromagnetic 
Martin Marietta Energy Systems, Inc. 
U.S. Environmental Protection Agency 
Environmental Restoration 
Environmental Sciences Division 
Federal Facility Agreement 
Facility Manager 
Feasibility Study 
Field Sampling/Survey Plan 
ground-penetrating radar 
Groundwater Operable Unit 
health and safety 
High Flux Isotope Reactor 
hydrologic head monitoring station 
Health Physics 
High Performance Computing Center 
Homogeneous Reactor Experiment 
Homogeneous Reactor Test 
inside diameter 
investigation-derived waste 
Industrial Hygiene 

. intermediate level liquid waste 
integration point 
low-level liquid waste 
low-level waste 
maximum contaminant limit 
multiport 
National Contingency Plan 
National Environmental Policy Act of 1969 

xiii 



I 
NPDES National Pollutant Discharge Elimination System I 
NRWTP Non-Radiological Wastewater Treatment Plant 
NSPP Nuclear Safety Pilot Plant 

I OREIS ,oak Ridge Environmental Information System 
ORNL Oak Ridge National Laboratory 
ORR Oak Ridge Reservation 

I ORRHAGS ORR Hydrologic and Geologic Studies 
OSHA Occupational Safety and Health Act 
OU operable unit 

I PARCC precision. accuracy, representativeness. completeness. and comparability 
PPE personal protective equipment 
PRG preliminary remediation goal 

I PVC polyvinyl chloride 
PWTP Process Waste Treatment Plant 
QA quality assurance 

I QAPjP Quality Assurance Project Plan 
QC quality control 
RAP Remedial Action Program 
RCRA Resource Conservation and Recovery Act of 1976 I RFI RCRA Facility Investigation 
RI Remedial Investigation 
ROD Record of Decision I SAIC Science Applications International Corporation 

'SAP sampling and analysis plan 
SLLW solid low-level waste I SOP standard operating procedure 
SOW statement of work 
SP spontaneous or self potential I SPARCC sensitivity, precision, accuracy, representativeness, completeness, and 

comparability 
SSHEA Site Specific Hazard Evaluation Addendum 

I SWMU Solid Waste Management Unit 
SWSA Solid Waste Storage Area 
TDEC Tennessee Department of Environment and Conservation 

I TDS total dissolved solids 
TEM time-domain or transient electromagnetic 
TRU transuranic 

I TURF Thorium-Uranium Facility 
VLA very low activity 
WAC waste acceptance criteria 

I WAG waste area grouping 
WMP Waste Management Plan 
WMRAD Waste Management and Remedial Action Division 
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EXECUTIVE SUMMARY 

INTRODUCTION 

This characterization plan has been developed as part of the U.S. Department of Energy's 
(DOE's) investigation of the Groundwater Operable Unit (GWOU) at Oak Ridge National 
Laboratory (ORNL) located near Oak Ridge, Tennessee. The first iteration of the 
characterization plan is intended to serve as a strategy document to guide subsequent GWOU 
remedial investigations. The plan provides a rationale and organization for groundwater data 
acquisition, monitoring, and remedial actions to be performed during implementation of 
environmental restoration activities associated with the ORNL GWOU. It is important to note 
that the characterization plan for the ORNL GWOU is not a prototypical work plan. As 
such, remedial investigations will be conducted using annual work plans to manage the work 
activities, and task reports will be used to document the results of the investigations. Sampling 
and analysis results will be compiled and reported annually with a review of data relative to risk 
(screening level risk assessment review) for groundwater. This characterization plan outlines the 
overall strategy for the remedial investigations and defines tasks that are to be conducted during 
the initial phase of investigation. This plan is presented with the understanding that more specific 
addenda to the plan will follow. 

GWOU BOUNDARIES 

The ORNL GWOU encompasses all of Bethel Valley, Melton Valley, and Haw Ridge 
between Bearden Creek as the eastern boundary to the Clinch River as the western boundary. 
The geographic boundary formed by Haw Ridge separates the Bethel Valley and Melton Valley 
portions of the ORNL GWOU. The southern boundary of the GWOU is the geologic contact 
between the Nolichucky shale and the Maynardville limestone of the Conasauga Group; the 
northern boundary is the base of the Fleanor formation of the Chickamauga Group. The base 
of the GWOU is considered to be the lowest depth where groundwater contains 10,000 mg/L of 
total dissolved solids. The depth of this fresh·brine water interface varies throughout the GWOU. 
Movement of underlying saline water is extremely slow; therefore, contaminants contained in 
such water are unlikely to reach distant receptors. 

GWOU INVESTIGATION GOALS 

The ORNL GWOU investigation is a multi·year program investigating many aspects of 
groundwater flow (e.g., defining the nature and extent of groundwater contamination at the site, 
assessing potential risks to human health from groundwater discharge or use as a water supply, 
identifying groundwater contaminant problems that require early action to reduce risks to human 
health and the environment,' and performing those actions). The goals of these investigations are 
to 

• develop the environmental data needed to define the nature and extent of groundwater 
contamination; 

• identify and respond to critical contaminant discharge situations through early actions; 
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• quantify the uncertainties in prediction of contaminant migration; 

• monitor and document changes in contaminant concentrations and locations; 

• support remedial investigations and activities at the contaminant source OUs through 
interpretation of groundwater data and modeling results; 

• assess potential risks to human health and the environment from long-term migration of 
contaminated groundwater; and 

• develop feasible remedial action alternatives for controlling those groundwater contaminants 
that may pose an unacceptable risk to human health or the environment. 

GWOU INVESTIGATION APPROACH 

Within this plan, data gaps were defined to guide the GWOU investigation and can be 
categorized into those needed to determine the nature and extent of contamination in groundwater 
and those needed to refine and test the conceptual model. Data in the former category are needed 
to define contaminant flow pathways from contaminant source Waste Area Groupings (WAGs) 
to the GWOU discharge boundary; gaps in these data are applicable to (1) contaminant source 
WAGs located in Bethel Valley (such as WAGs 1 and 3) and (2) those source WAGs in Melton 
Valley (such as 4, 5, and 7). The main component of the conceptual model that requires 
confirmation is the integrity of the GWOU boundaries and the assumption that nearly all of the 
precipitation that reaches the water table exits GWOU as surface flow over White Oak Dam. 
Each data acquisition activity will provide data pertaining to the nature and extent of 
contamination and the site conceptual model. 

A preliminary screening of risks using existing data has identified strontium and tritium as 
the primary radiological contaminants of potential concern (COPCs) in groundwater. Some 
volatile organic contaminants were detected in isolated instances, mainly in the perimeter wells 
along the WAG boundaries. Beryllium also has been noted as a contaminant contributing to 
significant risk because of its high slope factor. Further study of background levels must be 
conducted before a definitive set of COPCs can be determined. 

Groundwater flow and contaminant transport modeling is expected to playa key role in the 
GWOU investigation. Model results will help investigators further understand the site hydrologic 
regime and may be used to guide subsequent remedial investigation activities. The models will 
be used to address the following overall Objectives: 

• determine the base of the active flow system and assess the potential for the off-site transport 
of contaminants via·the deep system; 

• assess the impact of the regional flow system on local flow regimes to guide the choice of 
appropriate boundary conditions in local models; 

• provide a means for testing scale differences through comparison with local scale models; 

• test and refine the site conceptual model; and 
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• provide a front-end model to incorporate into cost-benefit decision analysis for optimizing 
monitoring and remedial activities. 

The Field Sampling/Survey Plan contained within this characterization plan outlines the 
approach for the first 18 months of work necessary to meet the objectives outlined in this 
document. During this period, the investigation will focus mainly on nonintrusive activities. A 
review of historical data will be conducted to optimize available resources and direct efforts in 

. subsequent stages of the investigation. These data will be evaluated for their qUality and 
applicability to attaining the goals of the characterization plan. Data collection during this 
18-month period will involve field activities such as piezometric head measurements in existing 
wells, and seep and spring monitoring and analysis. Additionally, in preparation for subsequent 
data collection activities, existing well bores will be retrofitted during this time period for vertical 
head measurements and discrete zone sampling, and geophysical methods will be developed for 
karst delineation and subsurface structure interpretation. 

CHARACTERIZATION PLAN ORGANIZATION 

While major elements common to most work plans are contained within this document, the 
role of the GWOU as an integrator operable unit requires a slightly different approach. The 
GWOU Characterization Plan is organized as follows: 

Chap. 1, "Introduction," describes the regulatory setting and remedial investigation 
approach; 

Chap. 2, "ORNL GWOU Site Conceptual Model," characterizes the geologic and 
hydrologic setting of the ORNL site; 

Chap. 3, "Nature and Extent of Groundwater Contamination," describes the results of 
source WAG investigations and historical data; 

Chap. 4, "Groundwater Modeling, and Contaminant Fate and Transport Investigation," 
discusses the use' of numerical modeling to gain an understanding of the site 
hydrologic regime and to assess contaminant transport; 

Chap. 5, "Risk Assessment," lays out the site-wide strategy for addressing environmental 
risk issues; 

Chap. 6, "GWOU Test Methods, " identifies a number of methods for gathering information 
related to data gaps; 

Chap. 7, "Field Sampling/Survey Plan," outlines the approach for the initial 18 months of 
the investigation; 

Chap. 8, "Quality Assurance Project Plan," provides guidance to ensure that data are of 
sufficient quality for their intended purposes; 

Chap. 9, "Health and Safety Plan, " indicates that a comprehensive programmatic Health and 
Safety Plan will cover all activities related to the investigation; 
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Chap. 10, "Waste Management Plan," identifies wastes management practices that will be I used for the investigation; and 

Chap. 11, "Data Management Plan," provides a system for maintaining technically and I legally defensible data. 
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1. INTRODUCTION 

Ll REGULATORY INITIATIVE 

The framework for remedial action on the Oak Ridge Reservation (ORR) is provided by the 
ORR Federal Facility Agreement (FFA). The U.S. Department of Energy (DOE), the U.S. 
Environmental Protection Agency (EPA), and the Tennessee Department .of Environment and 
Conservation (IDEC) entered into this Agreement to comply with the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) and coordinate 
remediation activities undertaken on the ORR pursuant to CERCLA, the Resource Conservation 
and Recovery Act of 1976 (RCRA), and the National Environmental Policy Act of 1969 (NEPA). 

The general purposes of the FF A are to: 

• ensure that the environmental impacts associated with past and present activities at the site 
are thoroughly investigated and that appropriate remedial action is taken as necessary to 
protect the public's health and welfare and the environment; 

• establish a procedural framework and schedule for developing, implementing, and 
monitoring appropriate response actions at the site in accordance with CERCLA, the 
National Contingency Plan (NCP) , RCRA, NEPA, appropriate guidance and policy, and 
Tennessee State law; 

• prevent, mitigate, or abate releases or threatened releases of hazardous substances from low:
level radioactive waste tank systems under this Agreement prior to final remedial action at 
the site; 

• facilitate cooperation, exchange of information, and participation of the Parties; 

• minimize the duplication of investigative and analytical work and documentation and ensure 
the quality of data management; 

• ensure that remedial action(s) at the site will be in compliance with applicable or relevant 
and appropriate requirements (ARARs); 

• . expedite response actions with a minimum of delay; 

• establish a basis for a determination that DOE has completed the Remedial Investigation/ 
Feasibility Study (RIIFS), remedial designs, and remedial actions at the site pursuant to 
CERCLA and applicable Tennessee State laws; 

•.. coordinate (1) response actions under CERCLA and this Agreement with RCRA Facility 
Investigations (RFJ) and (2) corrective measures now being conducted· under RCRA and 
applicable State laws; and 

• ensure that all releases of CERCLA hazardous substances, pollutants, or contaminants and 
RCRA hazardous wastes or hazardous constituents are addressed so that a comprehensive 
remediation of the site is achieved. 
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1.2 ORR ENVIRONMENTAL RESTORATION PROGRAM 

To address contamination of the ORR as a whole, the ORR has been partitioned into waste 
area groupings (WAGs) and operable units (OUs), which can be prioritized to achieve the most 
effective and rapid investigation and cleanup possible. An au is defined as a discrete action that 
constitutes an incremental step toward comprehensively addressing site problems. This discreet 
portion of a remedial response manages migration or eliminates or mitigates a release, threat of 
release, or pathway of exposure. The cleanup of a site can be divided into a number of OUs, 
depending on the complexity of the problems associated with the site. OUs may address 
geographic portions of a site, specific site problems, or initial phases of an action, or may consist 
of any set of actions performed over time or any actions that are concurrent but located in 
different parts of a site. OUs will not impede the implementation of subsequent actions, 
including final action at the site. OUs may be redefined and work schedules adjusted as 
investigations progress and new data become available. 

A WAG is defined as a group of solid waste management units (SWMUs) and/or other areas 
of contamination that are geographically contiguous or are located within defined hydrologic 
units. DOE may consolidate SWMUs, WAGs, and/or other areas into single groupings to 
conduct work under the FFA. 

An SWMU is defined as a unit subject to applicable RCRA corrective action requirements, 
identified by EPA and IDEC as requiring further investigation, and specifically identified as an 
SWMU in the FFA. 

The following guidelines are basic to Environmental Restoration (ER) Program planning and 
implementation: 

• Emphasis is placed on integrating ongoing activities and historical information into the 
overall effort. 

• Considerable attention and importance has been paid to coordinating relevant activities of 
other major programs with the ER Program to ensure that adequate resources are available, 
data are provided in a consistent format to satisfy multi-program needs, and technical issues 
and remediation technologies are communicated throughout the ER Program so that 
consistent approaches are applied. 

• Remedial action schedules for the OUs are dynamic and can be revised per appropriate 
public involvement and the mutual agreement of DOE, EPA, and IDEC. 

• OUs may be redefined or reprioritized as the investigation progresses per appropriate public 
involvement and the mutual agreement of DOE, EPA, and TDEC. ' 

• Work at the OUs will be managed to minimize waste and to prevent the recontamination of 
previously remediated OUs. 

A fundamental goal of cooperative efforts among DOE, EPA, and TDEC is that remedial 
action be emphasized. This goal recognizes that no reasonable amount of investigation can 
resolve all uncertainty and that once remedial actions are initiated they must be able to 
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accommodate divergence from original hypotheses. This approach promotes earlier remedy 
selection, flexibility for remedial action, and contingencies to react to new information discovered 
during investigations. 

The ORR remedial actions will be conducted using a "lead agency" strategy to minimize 
duplication of effort and maximize oversight productivity. The lead agency is designated as the 
responsible agency for overseeing and coordinating the activities in accordance with the 
Agreement. The regulators will provide support within the oversight role to the lead agency. 

DOE-Oak Ridge OperatiOns (DOE-ORO), as the lead agency for the ORR, provides the on
scene coordination to plan and implement response action under the NCP. Lead agency duties 
include: 

• overseeing and managing ORR remedial activities pursuant to the FF A and the site 
management plan and 

• serving as primary contact and coordinator with the regulators to implement the Agreement. 

EPA and TDEC are participating in the Agreement as working partners in initiating the 
remedial action work at Oak Ridge and in a regulatory oversight role. In this capacity, they 
provide regulatory opinions and counsel to the lead agency. The regulators assist the lead agency 
by attending working meetings, providing timely response to action items, and providing timely 
review and concurrence, where applicable, of ORR remedial documentation and/or activities. 
EPA, DOE, and TDEC will each designate project managers to coordinate the implementation 
of the Agreement and the ongoing regulatory oversight duties and shall notify each other in 
writing of the designation. 

The Oak Ridge National Laboratory (ORNL) site was established in 1943, and 47 years of 
operations have produced a diverse legacy of contaminated inactive facilities, research areas, and 
waste disposal areas that are potential candidates for remedial action. ORNL initially developed 
a site-specific Remedial Action Program (RAP) that represents a comprehensive effort to meet 
new regulatory requirements at about 250 sites. The RAP has been superseded by the ER 
Program through Martin Marietta Energy Systems, Inc. (Energy Systems). 

Because of the large number of sites and the hydrologic complexity of ORNL, the strategy 
developed in response to regulatory requirements has been oriented toward WAGs rather than 
individual sites. The WAGs are generally defined by watersheds that contain contiguous and 
similar remedial action sites. In some cases, there have been hydrologic interaction among the 
sites within a WAG, making individual sites hydrologically inseparable. The use of groups 
provides perimeter monitoring of both groundwater and surface water and the development of a 
response that is protective of human health and environment. Of the 20 WAGs identified at 
ORNL, 13 are definite candidates for further action. 

The ORNL ER Program was established to coordinate DOE's response obligations to the 
CERCLA and RCRA and other relevant regulations. The program manages remedial efforts to 
achieve comprehensive remediation of releases and threatened releases of hazardous substances, 
hazardous wastes, pollutants, or contaminarits at or from ORNL. The ORNL ER Program 
follows a structured path of site characterization, site maintenance and surveillance, interim 
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corrective action. alternate assessment, technology development, -engineering design, and eventual 
site closure or remediation. 

1.3 ORNL GROUNDWATER OPERABLE UNIT 

The ORNL Groundwater Operable Unit (GWOU) encompasses all of Bethel Valley, Melton 
Valley, and Haw Ridge between Bearden Creek as the eastern boundary to the Clinch River as 
the western boundary (Fig. 1.1). The obvious geographic boundary formed by Haw Ridge 
separates the Bethel Valley and Melton Valley portions of the ORNL GWOU. The southern 
boundary of the GWOU is the geologic contact between the Nolichucky shale and the 
Maynardville limestone of the Conasauga Group, and the northern boundary is the base of the 
Fleanor member of the Lincolnshire Formation of the Chickamauga Group. The base of the 
GWOU is considered to be the deepest limit of potable groundwater « 10,000 mg/L total 
dissolved solids). Highly saline groundwater occurs primarily in low permeability bedrock 
environments, and movement of such highly saline water is extremely slow; therefore, any 
contaminants contained in such water move slowly toward distant receptors. 

Physical boundaries have been established in the conceptual model (see Chap. 2) to define 
the horizontal and vertical extent of the GWOU. The GWOU is defined in terms of stratigraphy 
and structure for the northern and southern boundaries, on the presumption that the groundwater 
divide mimics the surface water divide for the east and west boundaries, and on the presence of 
brine exceeding 10,000 mg/L, at depth, for the basal boundary. Surface water is not considered 
in the context of this characterization plan; however, it cannot be omitted 'from GWOU 
investigations because of the need to develop a water budget for the GWOU. Shallow 
groundwater will be investigated in terms of contaminant transpon away from source units. 

Additional boundary conditions established for this investigation are the selection of 
contaminants of potential concern (COPCs) derived from source unit investigations (mostly 
radiological contaminants) and analytical methods used to provide exposure point concentrations 
for risk assessment purposes. 

Primary emphasis will be placed on the shallow ( < 30 m) to intermediate groundwater zones 
(30 to 100 m), because this is the zone of potential future groundwater use and is the depth of 
potential contaminant migration. The major effon will entail the identification of any potential 
exit pathways for the intermediate zone and the demonstration that saline-freshwater interface is 
stable, supporting the contention of no deep zone flow 'out of the GW0U. 

1.4 PURPOSE AND SCOPE OF THE ORNL GROUNDWATER CHARACTERIZATION 
PLAN 

Conceptually, the RIs reSUlting from the Characterization Plan for the ORNL Area-Wide 
Groundwater Program will be planned and implemented in the same manner as the ongoing 
remedial investigation of WAG 2 at ORNL; i.e. a general plan for each RI will be prepared and 
submitted to EPA and TDEC for review and approval followed by more specific addenda to the 
general plan. ' 

\.. 
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The Characterization Plan for the ORNL Area-Wide Grollildwater Program is intended to 
serve as a strategy document for performing the ORNL GWOU Remedial Investigations. The 
purpose of this document is to provide a rationale and organization for groundwater data 
acquisition, monitoring, and remedial actions performed during implementation of environmental 
restoration activities associated with the ORNL GWOU. Data acquisition is expected to improve 
our understanding of the nature, extent. and fate and transport of grollildwater contamination. 
This llilderstanding will subsequently improve our ability to select and implement appropriate and 
effective grOllildwater remedial actions. 

It is important to note that this characterization plan for the QRNL GWOU is not a 
prototypic RI Work Plan. This plan is presented with the understanding that RI work plans and 
more specific addenda to it will follow; it outlines the strategy and. overall activities of the 
ensuing RIs and defines tasks that are included in the initial phase of investigation. The ensuing 
RIs will be conducted using annual work plans to manage the work activities, and task reports 
will be used to document the results of the investigations. Sampling and analysis results will be 
compiled and reported annually with a review of data relative to risk (screening level risk 
assessment review) for groundwater. 

The ORNL GWOU Remedial Investigations will be part of a multi-year program addressing 
many aspects of groundwater flow, defining the nature and extent of groundwater contamination 
at the site. assessing potential risks to human health through groundwater discharge or use as a 
water supply, and identifying grollildwater contaminant problems that require early action to 
reduce riskS·to human health and the environment, and performing those early actions. The goals 
of this remedial investigation are to: 

• develop the data to define the nature and extent of groundwater contamination; 

• identify and respond to critical contaminant-discharge situations through early actions; 

• address the uncertainties in prediction of contaminant migration; 

• monitor and document changes in contaminant concentrations and locations; 

• support remedial investigations and activities at the contaminant source OUs through 
interpretation of groundwater data and modeling results; 

• assess potential risks to human health and the environment from long-term migration of 
contaminated groundwater; and 

• develop feasible remedial action alternatives for control of those groundwater contaminants 
that may pose an llilacceptable risk to human health or the environment. . 

The hydrogeologic complexity of the ORNL GWOU (described in Chap. 2) combined with 
the numerous contaminant sources and variable natures of contaminants of concern (described in 
Chap. 3) raise several key technical issues that must be addressed in the process of the remedial 
investigation: 
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• resolving the nature and extent of groundwater contamination; 

• defining the uncertainties in delineation of groundwater contaminant transport pathways; and 

• quantifying the uncertainties in predictions of future contaminant concentrations and locations 
for reliable risk assessment. 

To meet these goals and address the key issues associated with the long-term risk assessment and 
groundwater contaminant remediation, a variety of investigations, each of which responds to one 
or more data needs, will be conducted for the GWOU. 

1.5 RI IMPLEMENTATION STRATEGY 

As described in Sect. 1.4, the GWOU remedial investigations will be conducted throughout 
a period of several years, using an observational approach that is responsive to issues that must 
be addressed in determining appropriate groundwater contaminant migration control and 
remediation. The project goals outlined in Sect. 1.4 serve· as a general scope of the long-term 
investigation. Implementation planning will address the details of tasks in a prioritized fashion. 
This characterization plan explains long-term project goals and identifies the tasks to· be 
performed in the first phase of investigation. 

Existing information has been examined sufficiently to identify data gaps of initial concern 
with regard to the GWOU-wide groundwater flow system and nature and extent of groundwater 
contamination (Chap. 3). These data gaps serve as the starting point for the remedial 
investigation activities. In summary, these data gaps include: 

• refinement of the conceptual model of groundwater flow and contaminant migration; 

• establishment of appropriate exit-pathway and hydrofracture-area monitoring; 

• identification of the OU groundwater flow boundaries and determination whether underflow 
of watershed boundaries occurs; 

• identification of contaminant migration pathways. including characterization of the karst flow 
systems and risk-based prioritization of contaminant discharge control actions; 

• definition of the nature and extent of groundwater contamination between and beneath 
contaminant source aus; 

• quantification of hydrogeologic parameters and contaminant retardation mechanisms that 
control long-term contaminant migration; and 

• development of site models appropriate for both investigation planning and remedial 
alternative cost-benefit analysis, long-term groundwater risk assessment, and uncertainty 
analysis. 
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Initial GWOU remedial investigation activities include performing investigations that will 
define an appropriate flow system boundary and exit pathway monitoring system; upgrading and 
instrumenting existing deep borings that are appropriate for multi-zone head pressure and water 
quality sampling to add to the three-dimensional monitoring network; establishing an ongoing 
water-level monitoring network; establishing seep and spring monitoring related to karstic 
groundwater flow conditions within the GWOU; establishing and calibrating comparable three
dimensional groundwater models for Bethel Valley and Melton Valley (a Melton Valley model 
is in calibration at the time of characterization plan development); compiling, managing, and 
interpreting data on geology, groundwater, and contaminants throughout the GWOU area; and 
supporting the ongoing environmental restoration activities in contaminant source OUs through 
modeling, data interpretation, and technical support (Chap. 7). 

The basis for starting with the investigations described in Chap. 7 is that these are the tasks 
that must be performed to initiate a site-wide appraisal of the groundwater flow and contaminant 
transport conditions throughout the extent of the ORNL GWOU. 

In the performance of the GWOU investigations, each issue under investigation will be 
evaluated through the data quality objective process. This evaluation will document conditions 
expected to be encountered in the area, identify alternative conditions, factor these alternatives 
into the area conceptual model, and use a carefully targeted subsurface investigation to resolve 
the issue under investigation. Tracking the results of these targeted investigations will be the 
basis for confirmation or modification of the conceptual model of groundwater flow and 
contaminant transport within the GWOU. This conceptual model is of key importance because 
it forms the basis of all assumptions used in the long-term groundwater-flow and contaminant
trapsport models used in risk assessment. 

As mentioned above, one component of the characterization plan will be to develop and 
refine groundwater models for the GWOU area and for local areas of concern. These models 
will assist in the planning of intrusive investigations, data collection, and performance of 
cost-benefit evaluations on proposed remedial actions in support of contaminant source OUs as 
well as the GWOU. Chapter 4 describes groundwater modeling activities planned to support the 
GWOU and other ORNL ER Program activities. As the remedial investigation progresses, model 
evaluations of existing data and the need for additional data will be considered in . investigation 
planning. A portion of the remedial investigation work will collect data that quantify the 
mechanisms that attenuate groundwater contamination and control the ability to remove 
contaminants from the subsurface. These retardation mechanisms ultimately control the fate and 
transport of contaminants and control the effectiveness of some remedial alternatives. 

The initial and subsequent RIs will collect and utilize geophysical data where appropriate and 
feasible to identify locations where intrusive investigations are judged to be most informative in 
addressing issues or data gaps. Geophysical investigations that may be used in the RI are 
discussed in Chap. 6. 

1.6 RELATIONSHIP OF GWOU TO CONTAMINANT SOURCE WAG ACTIVITIES 

The ORNL GWOU encompasses the subsurface environment beneath and between all the 
ORNL facilities, contaminant source OUs, and WAG 2 in Bethel Valley and Melton Valley 
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(Fig. 1.2). Lateral GWOU boundaries are described in Sect. 1.3. The base of the GWOU is 
taken as the elevation where groundwater salinity reaches 10,000 mg/L total dissolved solids. 
The hydrofracture injection zones (WAG 10) for HF-2, HF-3, and HF-4 beneath Melton Valley 
lie beneath the GWOU because, at the injection depths in these wells, the groundwater consists 
of highly saline brine. The hydrofracture 1 experimental site lies within the depth region 
encompassed by the GWOU. 

Because the GWOU serves as this integrator for groundwater, remedial investigation 
activities associated with the GWOU include investigation of contaminant plumes that extend 
beyond the contaminant source WAG boundaries or extend Significantly below local stream base 
levels. The source WAG remedial actions must include detailed assessments of groundwater both 
as a contaminated media to be assessed as well as a site physical constraint to source remediation. 
At the ORNL site (Fig. 1.2), most contaminant sources are located above the floodplain 
elevations of the local surface water drainage system. The depth to which contaminant source 
groundwater OUs have concern and responsibility for groundwater conditions is approximately 
the stream base elevation within the respective WAG boundary. At depths greater than the 
stream base, the site-wide GWOU has primary responsibility for assessing groundwater 
contaminant movement because deeper flow paths suggest longer distance and longer duration 
migration pathways. ".'; 

In addition to collection of groundwater-related data in areas outside the contaminant source 
WAGs, the GWOU uses the groundwater data obtained through the source WAG investigations 
in assembly of the site-wide geologic and groundwater flow conceptual and computational models. 
The GWOU provides technical support to the source WAG investigators in the forms of modeling 
support, technical recommendations on the tests and investigations to perform, recommendations 
on groundwater contaminant control measures implemented either as early actions or as remedial 
actions, and data sharing. 

1.7 IDENTIFICATION OF POTENTIAL CLASSES OF REMEDIAL TECHNOLOGIES 

As stated in Sect. 1.4, one objective of the Characterization Plan for the ORNL Area-Wide 
. Groundwater Program is to identify the need for and implement early action to control the off-site 
migration of contaminants in groundwater. Remedial technologies that may be used to 
accomplish this goal include interception and treatment using trenches and subsurface drains to 
intercept contaminated groundwater; installation and operation of pumping wells to contain 
contaminant plumes; and in-situ zeolite treatment. Any groundwater intercepted and/or pumped 
from wells would be treated in the Process Waste Treatment Plant (PWTP) and/or the Waste 
Evaporator. 

An alternative to groundwater collection in areas where groundwater and secondary 
contaminant sources are commingled is hydrologic isolation of the secondary contamination and 
associated groundwater. Technologies that may be used to accomplish this goal are pumping of 
contaminated groundwater in source areas, in-situ vitrification of contaminated soils, cryogenic 
freezing of contaminated areas, hydraulic isolation of contaminated areas (e.g., by; installation of 
grout curtains or sheet pilings), and excavation of contaminated soils that may be serving as 
secondary sources of groundwater contamination. 
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Data needs for evaluating these alternatives are (1) the locations of sources and pathways; 
(2) the levels of contamination in source areas' and contaminant plumes; (3) the areal extent of 
source areas and contaminant plumes; (4) the isotopic composition of the contamination; and 
(5) the relative contribution of the contaminant discharges to off-site risk, 

1.8 RISK ASSESSMENT FOR THE GWOU 

. A baseline risk assessment will be prepared in combination with the final Rl report for the 
GWOU. Screening level risk assessments with analysis of the trends of groundwater contaminant 
concentrations will be performed annually using data collected by the GWOU, contaminant source 
WAG monitoring, and ORNL Compliance Division data obtained from WAG perimeter 
monitoring wells. 

1.9 PROJECT SCHEDULE 

The schedule for completion of the GWOU remedial investigation is dovetailed with the 
schedule for completion of the WAG 2 Remedial Investigation; 2008 is the anticipated year of 
completion. The project will be managed through preparation of animal sampling and analysis 
plans, with annual reports issued at the end of each fiscal year . 

. The Annual Sampling and Analysis Plans (SAPs) will be issued as addendums' to a general 
work plan, and work will proceed as planned and described therein unless comments are received 
from regulatory agencies, or clarification is needed. The Annual SAPs will be an informal 
mechanism, for presenting planned GWOU characterization activities on a timely basis by 
avoiding formal documentation and lengthy reviews. The Annual Reports will document the 
activities and findings of the ORNL GWOU Rl and will update the scope and strategy for future 
GWOU-related efforts. 

1.10 DATA QUALITY OBJECTIVES 

Data quality objectives (DQOs) are qualitative and quantitative statements that specify the 
quality of the data required to support decisions during remedial response activities. The DQO 
process foHows the "observational approach." which is aimed at characterizing the site. 
interpreting and predicting expected conditions and deviations from expected conditions. and 
formulating decision rule statements to guide site activities. The process sequentially develops 
the consideration of relevant issues such as the definition of the problem, decision points, 
participants, and uncertainties. The process flow is depicted in Fig. 1.3. 

DQOs are determined on the basis of the end uses of the data to be collected. For example, 
sufficient data may have to be collected to characterize the site, evaluate remedial alternatives, 
determine design criteria, perform the baseline risk assessment, or monitor site conditions or 
remedial action effectiveness. DQOs apply to all types of data collected, not just to the analytical 
data from a laboratory. The level of detail and data quality needed varies on the basis of 
intended uses of the data. The variability of site characteristics makes it impossible to apply a 
generic set of DQOs to all CERCLA activities. 
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Because of the complex nature, of groundwater flow at ORNL, this document will provide 
the conceptual plan for a staged investigation in which the direction of later phases will be 
contingent on the results from initial stages. Establishing DQOs will, therefore, be an evolving 
process. This investigation, more thai) most, will incorporate a wide range of data types with 
varying degrees of precision and accuracy. Much of the data will be used to validate the 
conceptual model and therefore will be interpretative in nature. Because interpretations made 
from these data may not have a unique solution, the establishment of specific criteria against 
which to judge data quality may not be possible (or at least may not be possible on a program
wide basis). 

The investigation will be staged over several years to resolve data gaps listed in Chap. 2. 
To encourage optimum data usage, a substantial effort during the early stages of the investigation 
will be directed toward critical review of existing data and data gathering using existing 
boreholes, stream monitoring locations, and nonintrusive surface techniques. Figure 1.4 shows 
how review of existing data fits into the overall strategy of data acquisition. An important part 
of the investigation will be the geophysical method development and site-specific testing of 
several geophysical techniques to be used in the delineation of the saline-fresh water interface, 
strata-bound karst identification, and geologic structure. Computerized modeling will be used 
to identify key data gaps in the existing data base. 

The encompassing problems to be addressed during the GWOU investigation will be to 
assess the integrity of the vertical and horizontal OU boundaries, to identify and evaluate 
preferential contaminant transporting flow zones, including conduits that act as preferred exit 
pathways, and to quantify the contaminant attenuation mechanisms that control the mobility of 
contaminants i,n the subsurface. A conceptual model has been developed to assist in establishing 
DQOs for this assessment. This model incorporates the current knowledge of the bedrock 
geology and hydrogeology to identify data gaps related to the stratigraphy (including karst 
features), structure, and shallow/deep groundwater flow paths. COPCs related to the source 
OUs, migration of the COPCs within the GWOU, and the surface-groundwater relationship will 
be considered during this investigation. The investigation will also assist with the quantification 
of groundwater flow by providing input into fate and transport modeling. This input will consist 
of determining groundwater and aquifer parameters for key areas of the GWOU. Chapter 2 
describes a conceptual model of groundwater flow and transport developed for the ORNL GWOU 
on the basis of a review of operational history and existing environmental samples and their 
analyses. 

1.10.1 Decisions To Be Made 

It is expected that a number of groundwater management unit investigations will be 
conducted that will constitute the ORNL GWOU RI. The scope of this investigation will result 
directly from the characterization strategy outlined in this document (e.g., see Fig. 1.4). Existing 
information and data derived during characterization studies will facilitate decisions regarding 
which discrete groundwater management units pose a potential threat to human health or the 
environment. Data derived during the subsequent remedial investigation will more fully describe 
the nature and extent of groundwater contamination at ORNL and form the basis for making risk 
management decisions and for taking further' CERCLA actions. 
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1.10.2 Inputs to the Decision 

Inputs to a decision should be derived from two broad questions: Who are the users of the 
data obtained during the course of the RI, and what are the actual uses of the data? 

1.10.2.1 Data users 

An RI conducted under CERCLA is designed to fill data gaps, allowing subsequent 
participants in the process to accomplish their tasks. For instance, risk assessors will use data 
on the contaminant concentrations to calculate the toxicity and the risk of excessive lifetime 
canc,ers under defmed exposure assumptions. Planners and engineers will use the data to screen 
remedial alternatives in the FS and to make recommendations regarding cleanup and mitigation 
options. 

The following is a description of the data users and their responsibilities for the ORNL 
GWOU: 

RI Contractor(s)-the ORNL ER Program, ORNL Environmental Science Division, and 
Science Applications International Corporation (SAIC) solicit input and concurrence from the 
other participants for data needs; design an investigation to obtain the data; and evaluate the data 
to ascertain the nature and extent of contamination at each site as well as the potential risks to 
human and environmental receptors. 

FS Contractor-the ORNL ER Program, ORNL Engineering Division, and Jacobs 
Engineering use the results of the RI to assess the magnitude of the cleanup task; to screen the 
remedial alternatives in a systematic manner; and to make recommendations for the Record of 
Decision (ROD). 

Integrating Contractor-Energy Systems organizes the overall approach to the RifFS and 
evaluates the results and conclusions for the RI, FS, engineering design, and construction 
management tasks. 

Lead Agency-the Environmental Restoration Division of DOE-ORO ha.c; primary 
responsibility for the success of the environmental restoration program, initiates and oversees the 
entire process, provides budget and schedule constraints, and closely coordinates input and 
approval from the other FF A participants. 

FFA Participants-DOE, EPA, and TDEC have the ultimate decision-making authority on 
any recommendations or initiatives; have regulatory and lead agency oversight on the approach, 
schedule, and budget for the environmental program; respond to public needs; and ensure public 
health and safety. 

The General Public and Public Interest Groups-The public as a whole, and specific 
groups within the public, participate in policy decisions by providing input to basic considerations 
such as the definition of acceptable risk and what constitutes a worthwhile benefit. 
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1.10.2.2 Data uses 

Data uses are defmed as those data applications that help resolve the project issues and data 
gaps. Data from the investigation will be used by hydrogeologists to validate the conceptual 
model or construct an alternative to the existing model. Data will also be incorporated into 
numerical models to: (1) describe fate and transport of contaminants, (2) complete a risk 
assessment to determine the impact to human health and the environment, and (3) permit the 
selection of remedial technologies to mitigate contaminant releases. 

Identifying data uses and needs follows the development of the objectives and conceptual 
model developed for the site and involves 

• identifying data uses, types, quality needs, and quantity needs; 

• evaluating sampling and analysis options; 

• reviewing precision, accuracy, representativeness, completeness, and comparability 
(PARCC) parameter information; and . 

• applying PARCC parameter information. 

Data uses for the GWOU remedial investigation must be defined in both the short term and 
the long term, because the investigation will take place over several years. Anticipated uses for 
the data during these time intervals are: 

Shon term 

• select locations that require early actions to interrupt or control contaminated groundwater 
migration and 

• develop technical options for early actions identified above and support the screening of 
alternative; 

Long term 

• determine the remedial actions required for contaminated groundwater based on the estimate 
of risk, 

• propose technical alternatives to clean up contaminated groundwater for zones that may 
require remedial actions, and 

• determine the extent of long-term monitoring required to verify that acceptable levels of risk 
exist at boundaries of controlled areas when established. 

Identirying Data Types. Several types of data are required for the GWOU RIs, including 
historical data on water levels, water Quality, and hydrogeologic parameters; geophysical 
measurements; data to quantify the fate and transport behavior of COPCs in the groundwater 
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system; data that define the location of contaminant transporting zones; and concentration trends 
of contaminants in plumes. 

Identifying Data Quality Needs. Data quality needs vary with the types of data to be 
collected. Quality control (QC) is least strict for historical records and most strict for laboratory 
analyses. Other data types with QC include observations by the field sampling and analysis team, 
geophysical measurements taken in area surveys, and geohydrologic measurements. Detailed data 
quality and QC measures for specific investigation tasks are included in the detailed task plans 
and in the Field and Laboratory Quality Assurance Project Plans (QAPjPs)~ 

Identifying Data Quantity Needs. Data quantity needs for the GWOU RI vary by issue 
and geographic location within the GWOU area. Data quantity is determined in application of 
the decision rules described in Sect. 1.10.3 to each issue or data gap in the RI with consideration 
of PARCC requirements. Data quantity for individual RI tasks will be addressed in the detailed 
task plans. 

Evaluating Sampling and Analysis Options. Sampling and analysis options to meet data 
requirements must be evaluated for technical and economic feasibility. This will be done for each 
of the data types required to meet the objectives for this project. Laboratory quality assurance 
(QA) is the responsibility of the laboratory, as delineated in the Laboratory Quality Assurance 
Plan approved by the Analytical Project Office. 

Reviewing and Utilizing PARCC Parameter Information. The PARCC of all data 
proposed must be accounted for in the final data evaluation effort. This includes operational 
histories, field observations, and laboratory analyses. The sampling program was designed so 
that data of sufficient quantity would enable a reasonable, accurate evaluation of the nature and 
extent of contamination and its fate in the environment. If all data are not received as requested, 
accuracy of the evaluation is jeopardized. The QA documentation required to verify that all data 
can be accounted for will be described in the Field and Laboratory QAPjPs. 

1.10.3 Decision Rule 

At the project level in the CERCLA process, the decision rule is a statem~nt regarding the 
choice of alternatives based on the results of the investigation. Because the purpose of the 
GWOU investigation is to ascertain whether groundwater is migrating off site and whether human 
or ecological receptors will suffer unacceptable impacts, the decision will be whether to effect 
remedial actions. The range of remedial actions will be determined by the rate, volume, and 
concentration of contaminant migration as well as by feasible technologies available to mitigate 
any potential exposure. I 

The CERCLA process incorporates the decision rule in the following manner: 

• Upon completion of the RI, a limited number of alternatives will be developed in the FS for 
remediation of the groundwater to ensure long-term protection. A focused-alternatives 
analysis will then be performed using the nine criteria established by CERCLA. 
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• On the basis of the analysis of all alternatives studied in the FS 'and the evaluation of the 
alternatives against the nine criteria, DOE will recommend preferred alternatives for 
cleanup, as outlined in an Interim Proposed Plan submitted to state and federal regulators. 

• After the regulators review and comment on the plan and the comments have been addressed 
and resolved, the plan will be made available for public comment. Comments will be 
addressed and incorporated into an ROD. followed by remedial design/remedial action. 

In addition to this project-level decision rule for the ORNL GWOU remedial investigation, 
a set of decision rules will be prepared for use in directing subsurface investigations. Each issue 
or data gap related to the nature and extent of groundwater contamination or groundwater flow 
under investigation will be evaluated with respect to existing data, expected groundwater 
conditions in the area of the data gap based on the conceptual model, alternative conditions or 
deviations, and model uncertainty in the area of question prior to initiation of an intrusive 
investigation. Intrusive investigations must resolve the data gaps and either confirm or refine the 
conceptual model in the area of the testes) and reduce overall model uncertainty with the most' 
cost-effective level of investigation. This approach is consistent with the overall objectives of the 
program and, near the end of site investigations, should provide reasonable predictive capabilities 
for the behavior of contaminant flow pathways with bounds on uncertainty in model predictions. 

Two classes of-decisions must be made during the course of any investigation:. near term 
and long term. The following is an initial presentation of the decisions and decision rules: 

Near-term decisions: 

• Is the contamination detected in the shallow groundwater exiting to surface water via a seep? 
If so, does, this groundwater contamination contribute significantly (e.g., 10%) to, the total, 
risk at White Oak Dam? 

• Do new data indicate that potential plumes or groundwater exit pathways need to be further 
investigated? Do new data suggest contaminants in shallow groundwater are migrating to 
deep groundwater at rates and concentrations greater than those suggested by currently 
available information? 

• Are removal actions proposed by other WAGs (e.g., WAG 5) technically feasible (e.g., does 
the proposed action address or affect groundwater and thus require decision-making support 
from the groundwater OU)? 

Near-term decision rules: 

• If groundwater contamination that directly seeps into surface water in White Oak Creek ' 
watershed contributes to - ,10% or more of the totalllOSr flux (relative to 1993 monitoring 
data), that discharge will be considered for an expedited response action such as a 
time-critical or interim removal action. 

• If new data indicate that the migration of contaminants from shallow to deep groundwater 
is more prevalent than currently thought (e.g., new contaminant hits or high concentrations), 
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the following annual scheme will accommodate additional investigations of the deep 
groundwater to address concerns raised by the new data. 

Long-term decisions: 

• What constitutes a shallow or deep groundwater plume that would need to be addressed by 
a Baseline Risk Assessment and a Feasibility Study detailed analysis of alternatives? What 
constitutes a plume for which groundwater flow and transport modeling may be required? 

• What are the primary deep groundwater exit pathways that could result in long~term off~site 
exposures to the public? 

• What are the exposure point concentrations associated with a plume to which future on-site 
residents could be exposed? 

Long~term decision rules: 

• Not availa~le at this time. 

The primary decision makers in the DQO process must concur. amend, and supplement these 
decisions. It should be noted, however, that at this point in the process long-term decision rules 
cannot be established. 

1.10.4 Uncertainty Constraints 

Uncertainty constraints are efforts to control decision errors based on environmental data, 
which always involve some degree of uncertainty. Both administrative and methoo':'specific 
constraints can be incorporated into data collection activities to minimize uncertainty. While 
much of the data to be generated during this investigation will be used to validate or revise the 
conceptual model and is interpretive in nature, other activities lend themselves to quantitative 
limits on the acceptable error. 

Any data derived from the groundwater sampling and analysis described in this plan or 
detailed task plans will be collected and documented in such a manner as to be technically and 
legally defensible. Specific methods to provide defensible quality will be outlined in an 
accompanying GWOU QAPjP. In general, however, sampling will be performed according to 
a set of approved procedures and documented with field logbooks and chain~of-custody records. 
The sampling design will be set forth to determine the nature and extent of contamination in 
potential groundwater plumes and will characterize the statistical population distribution of the 
contaminants. Some analyses and data-gathering activities may be proposed to acquire data for 
screening level assessments and will be subject to sufficient scrutiny and quality controls to ensure 
a useable data base. For other activities, laboratory methods will be performed according to the 
EPA Contract Laboratory Program (ClP) Statement of Work (SOW) or an analogous statement 
of work/method for radiochemical analyses that identifies acceptable internal QC limits, 
calibration frequencies, etc. Laboratory and field data will be validated to ensure that they 
provide a technically defensible basis for the resultant decisions. The data will be used 
prinCipally to support risk-based decisions for remedial actions and to establish appropriate action 
levels. Because of the diverse type of activities to be conducted during the GWOU RI, data 

93-140P/081994 

';:~j~", 

" 
"ii.'!>:' 

;~~'. 

~~~:~ .. 



1-20 

validation criteria and QA limits will be established on a project-specific basis in a DQO 
workshop, which will be held early in the RI process. The pwpose of the workshop. which will 
be attended by the primary data users, is to ensure that the data derived from the investigation 
are precise, accurate, and representative enough for their intended uses. The outcome of the 
workshop will be to define the uncertainty constraints as a set of DQOs for each task. 

1.10.5 Design Optimization 

The Characterization Plan for the ORNL Area-Wide Groundwater Program has developed 
its testing and sampling design by outlining a series of known data gaps that must be resolved to 
confirm/revise the conceptual model. These data gaps have been formulated in relation to 
specific areas of the GWOU and in the vicinity of certain WAGs within the au to locate 
proposed tests. Conducting individual tests at specific sites will allow the investigation to focus 
on defined questions and observations related to locations rather than testing general concepts 
throughout the GWOU. Moreover, the investigation is planned to economize resources by testing 

1 several data gaps (Le., depth to salinity, vertical head distribution, and strata-bound karst 
development from a single borehole) with one activity. In addition, the development of low-cost 
and nonintrusive geophysical techniques will be promoted to answer many of the questions that 
might otherwise require expensive. drilling and coring operations. The techniques will, at a 
minimum, assist in optimizing the location of the tests. 

The RI is initiated with the first stage of the DQO process. This stage should be repeated 
whenever (1) new data on either the operational history or the site environment are received by 
the primary data users or (2) the objectives or the requirements of the investigation are redefined. 
This stage comprises the following tasks: identifying and involving data users, evaluating 
available information, developing a conceptual model, and specifying objectives and decision 
rules. 

1.11 QUALITY ASSURANCE 

1.11.1 Program Planning and Implementation 

The overall planning and implementation of QA and QC activities of this project are 
governed by the Environmental Restoration Quality Program'Plan [ES/ERrrM-4/R3 (Energy 
Systems 1993d)], which addresses the guidance in EPA's Interim Guidelines and Specifications 
for Preparing Quality Assurance Project Plans [EPA-600/4-83-OO4 (QAMS-005/80)] (EPA 
1983a) and the specifications of the Energy Systems Quality Procedures Manual, the American 
Society of Mechanical Engineers document Quality Assurance Program Requirements for Nuclear 
Facilities [ASME NQA-l (ANSI/ASME 1989)], and applicable DOE orders. 
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1.11.2 Project-Specific Planning 

The ER Quality Program Plan [ESIERITM-41R3 (Energy Systems 1993d)] will be 
supplemented by the Field QAPjP and the Laboratory QAPjP. The format and requirements of 
these project-specific QAPjPs are based on the elements of QAMS-005180 and will integrate other 
elements of the ER Quality Program Plan as needed. 
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2. ORNL GWOU SITE CONCEPTUAL MODEL 

2.1 INTRODUCTION 

This section presents a conceptual model for subsurface flow and contaminant transport at 
ORNL and identifies data needs for accurate characterization of the potential for off-site 
contaminant migration. The conceptual model represents an integration of data, information, and 
interpretations from many technical studies. The model is intended to describe the concepts of 
groundwater flow in the GWOU and the physical factors that define those concepts. This 
characterization plan identifies as data gaps those parts of the model that are limited by data 
availability and those parts that are challenged by observations made subsequent to formulation 
of the concepts. These data gaps will be the data needs for the RIs that follow from this 
characterization plan. Because the focus of the RIs will be to ensure that contaminants do not 
migrate outside of the GWOU boundaries, a primary emphasis of the RIs will be placed on 
evaluating the integrity of the GWOU conceptual boundaries and characterizing GWOU exit 
pathways. 

The conceptual model is described in three component sections. The first. of these is the 
Geological Setting (Sect. 2.2), which describes the GWOU in terms of its underlying lithologic 
and structural characteristics. The second section is the GWOU Hydrological Conceptual Model 
(Sect. 2.3), which describes the behavior of subsurface water and the strong stratigraphic and 
structural controls on groundwater flow in the GWOU. The third section is the GWOU 
Boundaries and Pathways (Sect. 2.4). This section describes the GWOU conceptual boundaries 
and summarizes the essential information, including data gaps, for understanding the potential for 
contaminant transport outside of the GWOU. 'These three sections emphasize the hydrogeology 
of the GWOU, but utilize information related to any rock unit within the ORR when appropriate. 
In particular, considerable attention is paid to the Knox Group and to the Knox aquifer whose 
rocks bound the GWOU but lie outside of its boundaries. The hydrologic properties of these 
rocks, however, make them effective barriers to groundwater in the GWOU and therefore they 
play an important role in boundary considerations. 

The site conceptual model is presented here beginning with Sects. 2.1.1 through 2.1.3 that 
outline the fundamental points of the three parts of the site conceptual modeL Sections 2.2 
through 2.4 then provide details on each of these components. 

2.1.1 Geological Setting of the GWOU 

• The geology of the GWOU displays a layer-cake-style stratigraphy that is observed on a 
regional scale where limestone- and dolomite-dominated rock groups are interbedded with 
dominantly clastic groups. This style is repeated on the outcrop scale where clastic beds are 
interlayered with limestone/dolomite beds. 

• Because of their susceptibility to chemical weathering, limestone/dolomite beds often exhibit 
karstic features. This is most apparent in the Knox Group rocks, but is also present to a 
more limited extent in the ChickamaugaGroup. 
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• Knox Group and Rome Formation rocks represent the competent 'units that supported the 
folding and low-angle thrust faulting associated with the AJleghenian orogeny, and as a 
result, today constitute ridge-forming units in the GWOU. 

• Residuum (weathered bedrock) covers most of the GWOU to variable thickness. It is thicker 
on ridges, thins in the valleys, and nearly disappears in stream channels. 

• The rocks of the GWOU are extensively fractured. 

• Fracture density and aperture width decrease with depth. Apertures are greatest near the 
residuumlbedrock interface, probably as a result of weathering. 

2.1.2 GWOU Hydrological Conceptual Model 

• The rocks in and around the GWOU can be broadly characterized in terms of their 
hydrologic properties as: (1) the Knox aquifer, composed of rocks of the Knox Group and 
the Maynardville Limestone of the Conasauga Group; and (2) aquitards, the bulk of the 
rocks inside the GWOU. 

• In general, groundwater is recharged on ridges and is discharged into lakes, streams, 
springs, and seeps entirely within the boundar.ies of the GWOU. 

• The subsurface flow system can be divided into three distinct parts: the stormflow zone; the 
vadose zone; and the groundwater zone that is subdivided into the water table interval, the 
intermediate interval, the deep interval, and the aquiclude. 

• Subsurface flow occurs predominantly within the stormflow flow zone, the vadose zone, and 
the water table interval of the groundwater zone. Therefore, subsurface flow is relatively 
shallow. 

• Subsurface flow occurs mainly through fractures and fracture systems that are sometimes 
enlarged by solutioning. 

• Within the aquifer units, a large portion of subsurface flow occurs within solution cavities. 

2.1.3 GWOU Boundaries and Pathways 

• Because groundwater is recharged on ridges in the GWOU and because groundwater 
elevations roughly mimic topography in the GWOU, the boundaries of the GWOU are 
largely defined by ridges and other topographic highs and lows. 

• The boundaries of the GWOU are located along Chestnut Ridge to the north, Copper Ridge 
to the south, the Clinch River and the Bearden Creek watershed to the east, the Clinch River 
to the west, and the saline/freshwater interface at its base. Additionally, Haw Ridge 
represents a medial boundary that separates the two valleys of the GWOU. 
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• Chestnut Ridge and Copper Ridge are held up by the Knox aquifer, which lies outside of the 
GWOU. The high hydrostatic pressure of the Knox constitutes an effective pressure barrier 
that confmes GWOU groundwater. 

• The Rome formation, predominantly an aquitard, holds up Haw Ridge and contains a 
dolostone unit with high hydraulic head that serves a pressure barrier, which separates the 
groundwater of Bethel Valley from the groundwater of Melton Valley. 

• Nearly all subsurface flow in the GWOU is discharged to White Oak Creek and its 
tributaries and exits the GWOU via the White Oak Lake outfall.· 

2.2 GEOLOGICAL SETTING 

The physical geology and the geological controls on groundwater flow and occurrence on 
the ORR have been the subject of considerable study over the past few years. One of the goals 
of these studies has been to establish correlations between fracture systems and associated 
subsurface fluid flow, thereby formulating a structural-hydrologic model that enables 
interpretation of the behavior of groundwater and other subsurface fluids on the ORR. 
Understanding the structural setting and its controls on fluid flow is essential to developing a . 
model for groundwater movement in this area. Descriptions of the results of work carried out 
to date and of the site conceptual model that has been developed are contained in Hatcher et al. 
(1992) and Solomon et al. (1992). 

2.2.1 Location and Physiography 

The 35-mile2 ORR is located on the western side of the Valley and Ridge physiographic 
province, - 32 kIn (20 miles) west of Knoxville, Tennessee (Fig. 2.1). The general features that 
distinguish this province are: (1) parallel ridges and valleys typically oriented from northeast to 
southwest, (2) topography influenced by alternating weak and strong strata exposed to erosion 

~ through a relatively great amount of folding and faulting, (3) a few major transverse streams with 
subsequent streams forming a trellis-like drainage pattern, (4) many ridges with accordant summit 
levels suggesting former erosion surfaces (peneplantation), and (5) many water and wind gaps 
through resistant ridges. The scarp (northwest-facing) slopes of these ridges are relatively short, 
steep, and smooth. The dip (southeast-facing) slopes are longer, shallower, and hummocky to 
dissected. Elevations range from 225 t0410 m (738 to 1345 ft) above sea level. Surface slopes 
average -0.075 and generally have a range of 0.03 to 0.3. However, the steepest part of a 
scarp slope may be <0.5, whereas slopes on the floodplain of the Clinch River are -0.015. 
Drainage patterns have a dendritic shape in headwater areas and a trellis shape farther 
downstream. 

The surface boundaries of the GWOU, as they are known to exist today, are shown in 
Fig. 2.2. The northern boundary is located on Chestnut Ridge at the contact of the Knox Group, 
which lies outside the GWOU, with the underlying Chickamauga Group. The southern boundary 
is located along Copper Ridge where the Knox Group, again outside the GWOU, contacts the 
underlying Conasauga Group. The eastern boundary is defined by the Clinch River at Melton 
Valley and the Bearden Creek watershed in Bethel Valley, both of which are topographically 
higher than the Clinch River to the west that defmes the western boundary. Haw Ridge, which 
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separates Bethel Valley and Melton Valley, also separates the valleys' groundwater, and therefore 
is considered to be a medial boundary within the OU. An additional subsurface boundary, not 
depicted in Fig. 2.2, exists within the deep groundwater system where salinity exceeds 
10,000 mg/L. 

2.2.2 Stratigraphy 

Rock units of the stratigraphic section in the ORR range in age from Early Cambrian to 
Silurian (Table 2.1). The stratigraphic units comprise a complex assemblage of lithologies, with 
representatives from the entire Cambrian and Ordovician section. The total thickness of section 
in the ORR is - 2.5 km (1.6 miles). 

In general, the Cambro·Ordovician Knox Group and part of the overlying Chickamauga 
Group form the competent units within the major thrust sheets in this area. Each major 
stratigraphic unit (and formations within those units), because of compositional and textural 
properties, possesses unique mechanical characteristics that respond differently to the strain fields 
affecting these rocks through time. Therefore, each may have experienced a slightly different 
scheme of brittle deformation that subsequently may affect the transmission of fluids through 
them. 

For general descriptions of the stratigraphy of geological units in the ORR, see Hatcher et 
al. (1992) for an overview of the ORR geology; Haase et al. (1985) for the Conasauga Group 
and Rome Formation; Lee and Ketelle (1987) for the Knox Group; and Lee and Ketelle (1988) 
for the Chickamauga Group. 

The following is a brief description of the formations in the vicinity of ORNL and their 
relative importance with respect to groundwater occurrence and groundwater flow. 

2.2.2.1 Rome Formation 

The Rome Formation outcrops at ORNL on Haw Ridge and dips beneath Melton Valley. 
It is the oldest rock unit exposed in the ORR. In the Copper Creek Thrust Sheet, this formation 
is 122 to 183 m (400 to 600 ft) thick. Maroon, green, and/or yellow brown micaceous shale is 
the most common lithology in the Rome Formation. Siltstone, sandstone, dolomitic sandstone, 
and dolomite are interbedded with shale. Some dolomite and dolomitic sandstone beds in the 
upper Rome Formation are laterally continuous in the Copper Creek thrust sheet. It is the 
massive dolomite and the dolomitic sandstone beds that provide the best potential pathways for 
groundwater flow (in the Rome Formation), especially where these beds have developed karst. 
In one instance, sinkholes occur on Haw Ridge at the Rome Formation outcrop. These sinkholes 
are indicative of karst formation in the Rome Formation that may represent a layer with good 
permeability. 

2.2.2.2 Conasauga Group 

The Conasauga Group outcrops above the Rome Formation on the Southern flank of Haw 
Ridge and in the central axis of Melton Valley. The average thickness of the Conasauga Group 
in Melton Valley is 567 m (1860 ft). The Group is traditionally subdivided in central East 
Tennessee into the Middle Cambrian Pumpkin Valley Shale, Rutledge Limestone, Rogersville 

93-140P/082294 

I 
I 
I 
I 
I 
I 
'I 
I 
'I, 
I 
'I 
I, 
I 
I 
I, 

I 
I 
I 
I 



I, 
I 

I 2-7 

I 
Table 2.1. Geologic units or the ORR4 

Thickness 
Unit Age (m) Lithology 

I' Rockwood Fonnation Silurian 120 Sandstone, shale 

Sequatchie Fonnation Upper Ordovician 60 Argillaceous limestone 

II Reedsville Shale Upper Ordovician 60 Calcareous shale 

Chickamauga Group Middle Ordovician 400-700 Limestone, argillaceous 

,I 
Limestone, shale, siltstone 

Blackford Fonnation 50-80 Siltstone, limestone 

Lincolnshire Fonnation 70-100 Limestone, siltstone 

I' Rockdell Fonnation 80-85 Limestone 

Benbolt Fonnation 110-116 Limestone, siltstone 

,I Bowen Fonnation 5-10 Siltstone, limestone 

Witten Fonnation 90-110 Limestone, calcarenite, 
siltstone 

II' Mocassin Fonnation 100-170 Calcareous· siltstone, 
limestone 

'I, Knox Group 

Mascot Dolomite 75-120 

Kingsport Formation 
Lower Ordovician, 

90-150 
Massive dolomite, siliceous I Longview Dolomite Upper Cambrian 46-60 dolomite, bedded chert, 

~, ., 

Chepultepec Dolomite 150-215 
limestone, some clastics 

I' Copper Ridge Dolomite 245-335 

Conasauga Group , Maynardville Limestone 125-145 

Nolichucky Shale 100-150 
Dolomitic limestone, 

I' Dismal Gap Fonnation 95-120 limestone 
(formerly Maryville 
Limestone) Middle, Upper Shale, siltstone, calcareous 

Rogersville Shale 
Cambrian 

20-35 
siltstone and shale, shaly 

I limestone, limestone 
Rutledge Limestone 30-40 

Pumpkin Valley Shale 90-100 

I Rome Fonnation Lower Cambrian 90-125 Shale, siltstone, sandstone, 
local dolomite lenses 

I a Names in italic are units that make up the Knox aquifer. Other units fOIm the ORR aquitards. 

I 
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Shale, and Maryville Limestone (the Dismal Gap Formation in Hatcher et al. 1992), and the 
Upper Cambrian Nolichucky Shale and Maynardville Limestone. 

With the exception of the Maynardville Limestone, the Conasauga is a monotonous sequence 
of shale, siltstone, and thin-bedded limestone and is considered a regional aquitard. Some 
formations, however, include laterally continuous limestone beds that can be several meters thick 
and, where karstification has enlarged fractures in limestone beds, strata-bound high permeability 
zones may exist. The Maynardville, the uppermost member of the Conasauga Group, is a 
massively bedded limestone and dolomite with extreme karstification. 

Because of the many years of extensive waste disposal activities in Melton and Bear Creek 
valleys, the Conasauga Group is the most thorQughly studied rock unit in the ORR. The main 
WAGs in Melton Valley, including the H ydrofracture, are located on the Conasauga Group 
outcrop. 

The following are brief descriptions of the six formations in this group. 

Pumpkin Valley Shale. Oldest of the Conasauga Group formations, the Pumpkin Valley 
Shale crops out along the southeastern edges of ridges formed on the Rome Formation. 
Predominantly an olive and maroon, massive clay shale with thin beds of siltstone and sandstone, 
the Pumpkin Valley Shale is gradational with the underlying Rome Formation but lacks the 
sandstone that is characteristic of the Rome Formation. Two members of the Pumpkin Valley 
Shale have been identified (Law Engineering 1975), the upper one being more shale rich than the 
lower one. The lower member exhibits units that are commonly bioturbated or have wavy 
parallel stratification. The Pumpkin Valley Shale is a very tight formation that is considered one 
of the poorest aquifers in East Tennessee (DuBuchananne and Richardson 1956). The lack of 
continuous limestone beds also precludes the possibility of extensive karst formation in this 
formation. In the vicinity of ORNL, the formation is -94 to 109 m (308 to 358 ft) thick 
(Hatcher et al. 1992). 

Friendship Formation (formerly referred to as the Rutledge Limestone). In the vicinity of 
ORNL, the Friendship Formation ranges in thickness from 31 to 45 m (102 to 148 ft). The 
formation is predominantly clastic (75% shale) with some limestone. Light grey to white, 
medium to thinly bedded limestones and micritic limestones are interbedded with mudstones and 
shales that become more calcareous higher in the succession. Some limestone beds are persistent 
and serve as marker beds within the lower Conasauga Group. Increased amounts of limestone 
distinguish the Friendship Formation from the overlying and underlying formations. Although 
limestone is a minor lithology in this formation, laterally continuous beds, which in one case 
form a sequence 6 m (19.6 ft) thick, may provide groundwater flow paths where karst has 
formed. 

Rogersville Shale. In the vicinity of ORNL, the Rogersville Shale is - 36 m (118 ft) thick. 
This formation is composed of massive to medium-bedded, noncalcareous mudstones, interbedded 

. with brown shales. The shales and mudstones contain subordinate units of glauconitic and/or 
calcareous siltstones. In the Copper Creek thrust sheet, a limestone-rich interval known as the 
Craig Limestone Member, which outcrops throughout much of eastern Tennessee, occurs in the 
upper ponion of the Rogersville Shale. ClaStic sediments dominate the Rogersville Shale, and 
karst formation is probably not common with the exception of the Craig Limestone Member. 
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Dismal Gap Formation (formerly referred to as the Maryville Limestone). In the vicinity 
of ORNL, the Dismal Gap Formation ranges in thickness from 47 to 85 m (154 to 279 ft). The 
formation consists of calcareous shales and shaley-siltstones ( - 60 to 70 %) interbedded with light 
to dark grey, fine to coarsely crystalline limestone (-30 to 40 %). The Dismal Gap Formation 
is informally divided into two members (Haase et al. 1985). The lower member consists of 
medium to thinly bedded calcareous mudstone interbedded with pelloidal or oolitic calcareous 
siltstones. Limestones appear as discrete beds, 5 to 20 cm (2 to 8 in.) thick in coarsening upward 
cycles. Several relatively limestone-rich horizons ranging from 6 to 12 m (20 to 39 ft) thick 
occur throughout the lower member and are characteristic of the Dismal Gap Formation. The 
upper member of the Dismal Gap Formation is characterized by the presence of distinctive flat 
limestone-pebble conglomerates. In places, the intraclastic limestones are glauconitic or oolite~ 
rich. The limestone units in this formation offer the potential for karst formation. Bedding in 
the clastic units is commonly wavy, which may result in poor development of bedding parallel 
fractures. 

Nolichucky Shale (Foreman et al. 1991; Rothschild et al. 1984). In the vicinity of ORNL, 
the Nolichucky Shale is -190 m (620 ft) thick. Shale interbedded with intrac1astic limestone, 
thick fossiliferous limestone, and oolitic limestone are characteristic of the Nolichucky Shale in 
the White Oak Mountain thrust sheet. Shale is the dominant lithology and occurs in 2.5 to 3 m 

, (8 to 10 ft) thick beds that are laterally continuous. The shale has good fissility, and horizontal 
laminae are well preserved. 

Maynardville Limestone (Shevenell et al. 1992), The Maynardville Limestone is the 
youngest formation of the Conasauga Group and consists primarily of light-gray to tan, massive 
to thinly bedded limestone with subordinate, amounts of dolostone. Data obtained fromv'the 
ongoing Maynardville Exit Pathway Monitoring Program at the Y-12 Plant in Bear Creek VaIley 
demonstrate that on the ORR, the Maynardville is more uniformly dolomitic and exhibits more 
subtle vertical lithologic differentiation than that described in the type section. At ORNL, the 
Maynardville Limestone is - 80 m (260 ft) thick. The Exit Pathway Monitoring Program in Bear 
Creek has subdivided the Maynardville into seven different informal lithologic zones (Zones 1-7). 
The zones were divided based on the gamma log signatures of the individual zones, and may also 
be present in the Maynardville at ORNL. 

2.2.2.3 Knox Group 

The Knox Group underlies and forms Copper Ridge and Chestnut Ridge in the vicinity of 
ORNL and dips southward underneath Bethel Valley. The upper contact of the Knox Group with 
the Chickamauga Group on Chestnut Ridge and the lower contact of the Knox in the Copper 
Creek thrust sheet with the Conasauga Group on Copper Ridge, and the extension of these 
contacts down dip are the proposed boundaries of the GWOU at ORNL. On the ORR the Knox 
Group is divided into five separate units: the Copper Ridge Dolomite, the Chepultepec Dolomite, 
the Longview Dolomite, the Kingsport Formation, and the Mascot Dolomite. Total thickness 
of the Knox Group ranges between 600 and 900 m (1970 and 2950 ft), with the Copper Ridge 
Dolomite making up roughly one-third of the total. This formation forms the principal strong 
unit to support the folding C!l1d low-angle thrust faulting that occurs throughout the Valley and 
Ridge Province in East Tennessee. 

93-140P/082294 
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The Knox Group is composed of a series of medium to thickly bedded, massive, grey, 
green, and pink dolomite. The Copper Ridge and Longview Formation dolomites are siliceous 
and these formations tend to be ridge formers. All formations within the group contain 
subordinate amounts of chert, some in nodular form that characteristically remains in the soils 
after weathering of the dolomite matrix. The Knox Group, along with the Maynardville 
Limestone from the Conasauga Group, forms the regionally important Knox aquifer. Although 
the dolomite lithologies have little matrix porosity, extensive karst formation in the Knox Group 
formations has resulted in substantial secondary porosity and high permeability. Sinkholes are 
common at outcrop. and springs and seeps are common features at the upper and lower geologic 
contacts. 

2.2.2.4 Chickamauga Group 

At ORNL the Chickamauga Group underlies Bethel Valley. The lower contact with the 
Knox Group outcrops on the south face of Chestnut Ridge and the upper contact is faulted against 
the Rome Formation by the Copper Creek Fault on the north face of Haw Ridge. All the WAGs 
in Bethel Valley (WAGs 1, 3, and 17) are located on Chickamauga Group formations. 

The Chickamauga Group represents deposition 'on a regionally extensive disconformity on 
the top of the Knox Group. Relief on this surface accounts for variable stratigraphic thicknesses 
in the lower Chickamauga unit. ' The Group consists primarily of calcareous shale interbedded 
with shaley to silty limestone and is considered a regional aquitard. In Bethel Valley, where the 
section is incomplete, the Chickamauga Group consists of more than 400 m (1312 ft) of variable 
thick maroon shale-dominated units separated by gray limestones. Some formations include 
laterally continuous limestone beds that can be s,everal meters thick. Where karstification has 
enlarged fractures in limestone beds, strata-bound high permeability zones may exist. Below are 
descriptions of the seven formations that make up the Chickamauga Group. A different 
terminology for Chickamauga lithologies at ORNL was used by Stockdale (1951) and Lee and 
Ketelle (1988). Figure 2.3 correlates Stockdale's (1951) terminology with the formal 
stratigraphic nomenclature used below. 

Blackford Formation. The bulk of the Blackford Formation consists of massive- to thick
bedded purplish to dark maroon and olive-gray calcareous siltstone interbedded with subordinate 
amounts of dark- and light-gray calcarenite. This is overlain by a thin bed of pale-olive limestone 
and a very thin [1 m (3.3 ft) thick] purplish-maroon dolomitic limestone. The siltstones contain 
small, angular dolomitic intraclasts, presumably derived from the underlying Knox Group. Total 
formation thickness ranges from 70 to 80 m (230 to 260 ft). 

Lincolnshire Formation. On the ORR, the Lincolnshire Formation is divided inw two 
members. The Eidson Member of the Lincolnshire Formation is a relatively minor limestone unit 
in the ORR with limited outcrop exposure, but it provides a sharp contrast to the maroon 
siltstones of the underlying Blackford Formation. In core, the Eidson Member is 20 m (65 ft) 
thick, but its thickness may vary laterally on the ORR. It consists of massive to nodular 
·limestone with bedded and nodular chert near the top. The Fleanor Member of the Lincolnshire 
Formation is a thick accumulation [75 to 80 m (246 to 260 ft)] of maroon, calcareous, and shaly 
siltstone with numerous light-gray limestone beds. Vertical burrows and general bioturbation are 
common. The lowermost and uppermost portions of the Fleanor consist of thick, olive-gray 
calcareous siltstone that characterizes the unit. 
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Rockdell Formation. A thick section of limestone, the Rocl~dell Formation, overlies the 
Fleanor Member of the Lincolnshire Formation. The Rockdell is 80 to 85 m (260 to 280 ft) thick 
and underlies the continuous low ridge near the middle of Bethel Valley. The lower portion of 
the Rockdell contains light-gray calcarenite, dark-gray calcareous siltstone, fossiliferous nodular 
limestone, and birdseye micritic limestone. Small chert nodules are common and evidence of 
vertical burrowing has been observed. This lower lithology grades upward to dense calcarenite, 
which contains subordinate amounts of birdseye micrite and nodular limestone. The common 
occurrence of bedded and nodular chert is distinctive of the upper portion of the Rockdell. The 
lower and upper lithologies are of nearly equal thickness. 

Benbolt Formation. The Benbolt Formation is a relatively heterogeneous formation that 
is 110 to 115 m (360 to 380 ft) thick. The Benbolt consists of thick interbeds of fossiliferous 
nodular limestone; unfossiliferous, amorphous micrite within a dark-gray siltstone matrix; dark
gray siltstone; and unfossiliferous calcarenite. A pale buff color is characteristic of weathered 
Benbolt rock fragments that are seen in vegetatively barren areas. Rockcore and geophysical logs 
show that limestone content increases in the upper 23 m (75 ft). 

Bowen Formation. The Bowen Formation is a maroon unit that overlies the lower thick 
limestone of the Benbolt and is a reliable marker for field and subsurface correlations. The 
Bowen is 5 to 10 m (16 to 33 ft) thick and consists of maroon calcareous and shaly siltstone with 
thin beds of light-gray to olive-gray limestone and argillaceous limestone. Vertical and horizontal 
burrows are prevalent throughout the unit. 

Witten Formation. The uppermost limestone-dominated unit in the Chickamauga Group 
in Bethel Valley is the Witten Formation which is 105 to 110 m (344 to 360 ft) thick. The 
Witten consists of interbedded nodular limestone; calcarenite; amorphous, thin-bedded limestone 
and siltstone; and wavy limestone. Extensively bioturbated beds and beds with numerous bryozoa 
are distinctive of the upper part of the Witten Formation. The predominance of limestone in this 
unit makes it a likely stratigraphic horizon for strata-bound flow paths resulting from 
karstificati on. 

Moccasin Formation. Because it was largely removed by the Copper Creek Fault, the 
Moccasin Formation (Cooper 1956) is not fully represented on the ORR. For the same reason, 
its thickness varies from 100 to 170 m (330 to 560 ft). The Moccasin is recognized as olive- to 
light-gray and pale-maroon calcareous siltstone interbedded with light-gray, fine-grained 
limestone. 

2.2.2.5 Unconsolidated materials 

Unconsolidated material overlying bedrock in the ORNL consists of weathered bedrock 
(referred tp as residuum), human-made fill, alluvium, and colluvium. Residuum comprises a 
majority of the unconsolidated material in this area.· The depths to unweathered bedrock differ 
throughout the ORR because of the different thicknesses of fill and alluvium and the particular 
weathering characteristics of the bedrock units. The total thickness of these materials typically 
ranges from 3 to 15 m (10 to 50 ft) (Hoos and Bailey 1986). 
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ResiduUm overlies bedrock throughout the ORR except in scattered outcrop areas and ranges 
from silty to sandy clay overlying shale units to a slightly sandy clay overlying limestone units; 
predominant colors are shades of brown, orange, and grey. With increasing depth, the colors 
darken and the clay grades to weathered rock that has retained its structural characteristics 
(saprolite). Bedding planes and joint surfaces in the weathered bedrock commonly are marked 
by dark reddish-brown and yellow-brown oxide coloration, indicative of a high degree of 
weathering by circulating groundwater. Most groundwater flow through residuum is by way of 
matrix flow. Hydraulic conductivities are generally low and range from 1 X to-4 to 1.7 X to-7 

cm/s. Conduits may exist in the residuum where major flow paths emerge from the underlying 
bedrock (Moore 1988). 

~.2.3 Structural Geology , 

The Oak Ridge area is underlain by two major northeast/southwest trending thrust faults that 
dip to the southeast and define thrust sheets, the White Oak Mountain and the Copper Creek 
Fault (Hatcher et. al. 1992) (Fig. 2.4). Chestnut Ridge and Bethel Valley are underlain by the 
White Oak Mountain thrust sheet, which is soled by the White Oak Mountain fault. Haw Ridge, 
Melton Valley, and Copper Ridge are underlain by the Copper Creek thrust sheet, which is soled 
by the Copper Creek thrust fault. Both thrusts are regional thrust faults of the Valley and Ridge, 
which demonstrate at least several kilometers of translation. The faults formed during; the 
Permian-Pennsylvanian age Alleghenian Orogeny and have not been historically active. At the 
ORR, both faults trend parallel to regional strike (N55E) and dip steeply (45°) to the southeast 
(King and Haase 1987). Bedding plane dip values measured in outcrops cluster around 45° but 
may steepen to vertical as a result of localized .small-scale folding or faulting. 

~< 

The ORR contains a variety of geologic structures on several scales. The map-scale 
structure is dominated by southeast-dipping beds interrupted by the two major thrust faults;<and 
the locally overturned East Fork Ridge and Pilot Knob synclines (McMaster 1962). Overall', the 
faults and stratigraphy strike northeast and dip to the southeast, except in the synclines where dips 
swing to the northwest. Outcrop-scale structures include minor folds, faults, and fractures. The 
formation of most of these structures is closely related to map-scale structures. Most minor folds 
and faults observed occur in either the Rome Formation or Conasauga Group, a function of 
lithology, stratigraphy, and proximity to map-scale faults and folds. 

'2.2.4 Fractures 

Because of the large-scale faulting, all geologic units in the ORR are highly fractured. The 
most pervasive structural features are extensional, hybrid, < and shear fractures, which are 
important factors in groundwater flow in this region. A majority of fractures constitute a single 
cubic system (three orthogonal sets) of extension fractures (Dreier et at. 1987a; Sledz and Huff 
1981). One fracture set is formed by bedding planes, which have an average strike of - N55°E; 
the dip is variable, but commonly is -30 to 40 0 SE (Stockdale 1951). Two other joint sets are 
approximately strike parallel and dip paranel; at shallow depths, these sets are commonly angled 
- 50 to 60 ° below horizon. \ These three fracture sets may occur in any locality, and other 
extension and shear fractures may also be present. The parallel bedding fractures are mainly 
release joints, and recent studies elsewhere in the Appalachians suggest that release joints can 
form at depths up !o a/kilometer (Engelder 1985). 
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Fig. 2.4. Schematic geologic cross section in the vicinity or the GWOU. Surrace reatures 
associated with the GWOU are highly exaggerated. Source: Adapted from Hatcher et al. 1992. 
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Fractures are abundant on rock outcrops, in saprolite, and at shallow depths in fresh 
bedrock, Dreier et al. (1987a) measured an average fracture density of -200/m (601ft) in 
saprolite of the Maryville Limestone and Nolichucky Shale at WAG 6 near ORNL. At the other 
extreme, Sledz and Huff (1981) measured a minimum fracture density of 5/m (l.5/ft) in fresh 
rock. Fewer open fractures occur at deeper levels. As described by Haase et al. (1985), fracture 
frequency is variable, but most fractures observed in cores occur within limestone or sandstone 
layers > 0.5 m (1.6 ft) thick, and many fractures are filled or partly filled with secondary 
minerals. 

Most fractures are short, a few centimeters to -1 m (3.3 ft) in length (longest dimension). 
Sledz and Huff (1981) found a relatively uniform fracture length of -12 cm (5 in.) in shale but 
a fracture length that increases with bed thickness in siltstone. Haase et al. (1985) observed 
numerous fractures -0.1 to 1.5 m (0.3 to 5 ft) long within limestone and sandstone units of the 
Conasauga Group and the Rome Formation. Groundwater flow occurs only through networks 
of pervious, connected fractures. In limestone, typical fracture spacings range from < 5 cm 
(2 in.) for very thin beds to > 3 m (10 ft) for very thick to massive beds. The areal extent of 
fractures may be only a few square meters for thin to very thin beds, but pervious bedding-plane 
fractures may be UP to 106 m2 for medium to massive beds (Ford and Williams 1989). Also, 
many pervious fractures cross one to several rock layers but terminate at the connections with 
other fractures (Ford and Williams 1989). 

2.2.S Cavities and Solution Openings 

In the Knox Group and, to a much more limited extent, in other carbonate rocks of the 
ORR, fractures are enlarged by solution. As solution progresses in an upgradient direction of 
the water table, some conduits, as they intercept smaller cavities, become dominant flow 
channels, in a way somewhat analogous to the development of a surface drainage system. It is 
only in the Knox Group and the adjacent Maynardville Limestone (together in this report called 
the Knox aquifer) that cavity systems are highly developed and are extensive; however, many of 
the smaller limestone or dolomite beds within the aquitards exhibit solution openings and cavities 
at shallow depth. Solution cavities probably comprise a signifi~ant factor in groundwater flow 
in the ORR. 

Cavities in the Chickamauga Group were first described by Stockdale (1951, p. 41). Since 
then, cavities have been reported in all other rock units with timey layers. A general principle 
of cavity occurrence is that the largest cavities are found in the purest and most massively bedded 
limestones. Cavities in the Conasauga Group have been reported only in the Maryville Limestone 
(now Dismal Gap Formation), Nolichucky Shale, and Maynardville Limestone. All three of these 
formations contain limestone layers, and cavities are presumed to occur in these layers. 
Similarly, cavities in Rome Formation bedrock may occur in dolostone layers, which have been 
described in the upper part of this formation (Stockdale 1951, p. 17). 

A few cavities in the study area have been reported as zones of high water velocity (which 
washed away sandpack material) in regolith, just above top of bedrock. Apparently this is a form 
of piping which occasionally occurs in unconsolidated sediments near a point of groundwater 
discharge. Two cavities in the Rome Formation and three cavities in the Conasauga Group are 
of this type. The piping at the base of the regolith may occur along upward extensions of 

. enlarged fractures in the bedrock. 
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The records of 802 weUs in the study area show that only 97 wells (12 %) intercept a cavity 
and most of these intercept only one cavity. However, there are some distinctive differences in 
cavity occurrence among the geologic units (Table 2.2). None of the weBs in the Rome 
Formation and only one (8 %) in the Chickamauga Group intercept more than one cavity. In the 
Conasauga Group, 27 wells (46%) intercept more than one cavity, but only 11 wells (19%) 
intercept more than two cavities, and none intercept more than four cavities. More Knox wells 
(48 %) intercept two cavities than one or any larger number. A total of ten cavities were reported 
in one Knox well, but only four wells (19%) intercept more than three cavities. Thus, multiple 
cavities are rare except in the Conasauga Group and the Knox Group, and more than three 
cavities are uncommon in these units. 

Table 2.2. Number of cavities in wells by geologic unit 

Number of wells with one or more cavities 

Number One Two Three Four Five or more 
Geologic unit of wells cavity cavities cavities cavities cavities 

Chickamauga Group 13 12 1 0 0 0 

Knox Group 21 5 10 2 3 1 

Conasauga Group 59 32 16 9 2 0 

Rome Formation 4 4 0 0 0 0 

T<;>tal population 97 53 27 11 5 1 

There is also a correlation between formations and the cavity geometry. The average cavity 
height (vertical dimension of a cavity in a boring) at ORNL in the 97 occurrences is 0.59 m 
(1.8 ft). The largest cavities are generally found in the Knox Group [mean = 1.0 m (3.3 ft)] and 
although large cavities were found in the Conasauga Group, the average height of cavities in the 
Knox Group is almost twice as large as that in the Conasauga Group [mean = 0.16 m (0.5 ft)]. 

An analysis of cavity depths by geologic unit shows that the geometric mean depth of 
cavities in the Knox Group [mean = 34 m (112 ft)] is much larger than those in the Rome 
Formation [mean = 12 m (39 ft»), the Conasauga Group [mean, = 8.3 m (27 ft)], and the 
Chickamauga Group [mean = 9.7 m (31.8 ft)]. This result was expected because of the larger 
regolith thickness in the outcrop area of the Knox Group. 

2.3 GWOU HYDROLOGICAL CONCEPTUAL MODEL 

Two broad hydrologic units are identified in the ORR, each having fundamentally different 
hydrologic characteristics. The Knox Group and the Maynardville Limestone of the Conasauga 
Group constitute the Knox aquifer, in which flow is dominated by solution conduits formed along 
fractures and bedding planes. The remaining geologic units constitute the ORR aquitards, in 
which flow is dominated by fractures. The generalized map in Fig. 2.5 shows surface 
distribution of the Knox aquifer and the ORR aquitards. 
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For hydrological purposes the Cambro-Ordovician Knox Group and the uppermost member 
of the Cambrian Conasauga Group (Maynardville Limestone) comprise the Knox aquifer, an 
aquifer that is of regional importance. The remaining formations are considered aquitards on the 
ORR. Subsurface flow in both the Knox aquifer and in the ORR aquitards is recharged mainly 
on ridges and discharged into lakes, streams, springs, aJid seeps (Fig. 2.6). The subsurface flow 
system can be divided as follows: the stormflow zone; the vadose zone; the groundwater zone, 
which is subdivided into the water table interval, the intermediate interval, and the deep interval; 
and the aquiclude. Although many factors influence groundwater flow on the ORR, topography, 
surface cover, geologic structure, and lithology exhibit strong influence on the hydrogeology. 
Variations in these features result in water flux variations. 

The groundwater zone of the hydrologic conceptual model is of primary interest to GWOU 
investigations. Contamination affecting groundwater moving through the stormflow and vadose 
zones is considered in the RIs for each source unit. The following are descriptions of the 
subsections of the hydrological conceptual model with emphasis placed on the groundwater 
subsection. Thorough discussions of the hydrological conceptual model can be found in Moore 
(1988), Solomon et al. (1992), and Moore and Toran (1992), from which the following is 
summarized. 

2.3.1 Stormflow Zone 

Detailed water budgets indicate that -90% of active subsurface flow occurs through the 
1- to 2-m-(3.3- to 6.6-ft-) deep stormflow zone (Moore 1988; Solomon et al. 1992). Natural 
areas of the ORR are heavily vegetated, and the stormflow zone corresponds approximately to 
the root zone. Infiltration tests indicate that this zone is as much as 1000 times more permeable 
than the underlying vadose zone. According to this conceptual model, during rain events, the 
stormflow zone partially or completely saturates and then transmits water laterally to the surface
water system. When the stormflow zone becomes completely saturated, overland flow occurs. 

Between rain events, as the stormflow zone drains, flow rates decrease dramatically and flow 
becomes nearly vertical toward the underlying vadose zone. The transmissive capability of the 
stormflow zone is created primarily by root channels, worm holes, clay aggregation, fractures, 
etc., collectively referred to as large pores. Although highly transmissive, large pores comprise 
only -0.2% of the total void volume of the stormflow zone. Because most of the water mass 
resides within less transmissive small pores, advective-diffusive exchange between large and small 
pores substantially reduces contaminant migration rates relative to fluid velocities in large pores 
(Solomon et al. 1992). 

2.3.2 Vadose Zone 

A vadose zone exists throughout the ORR except where the water table is at land surface, 
such as along perennial stream channels. The thickness of the vadose zone is greatest beneath 
ridges and thins towards valley floors. Beneath ridges underlain by the Knox aquifer (Copper 
Ridge, Chestnut Ridge, McKinney Ridge, and Blackoak Ridge), the vadose zone commonly is 
as much as 50 m (160 ft) thick, whereas beneath ridges underlain by the Rome Formation (Haw 
Ridge and Pine Ridge) the :vadose zone is tYPically <20 m (65 ft) thick. In lowland areas near 
streams, a permanent vadose zone does not exist because the stormflow zone intersects the water 
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table. The vadose zone consists of regolith composed mostly of clay and silt, most of which is 
derived from the weathering of bedrock materials, and which has significant water storage 
capacity. Most recharge through the vadose zone is episodic and occurs along discrete permeable 
features that may become saturated during rain events, even though surrounding micropores 
remain unsaturated and contain trapped air. During recharge events, flow paths in the vadose 
zone are complex, controlled by the orientation of structures of the materials, such as relict 
fractures. Between recharge events, flow rates decrease dramatically, and flow paths are toward 
the groundwater zone. 

2.3.3 Groundwater Zone 

The permanent water table typically is near the transition from regolith to bedrock at depths 
of < 1 to 5 m (3.3 to 16 ft). Changes in hydraulic parameters and changes in major ion 
chemistry with depth suggest vertical subdivision of the groundwater zone into three intervals: 
(1) a water table interval, (2) an intermediate interval, and (3) a deep interval. The depth and 
thickness of these intervals vary, especially between the ORR aquitards and the Knox aquifer. 

A thin (-1 to 3 m thick) permeable interval may be present near the water table. Spatial 
and temporal differences in the saturated thickness and transmissivity of this interval explain both 
the configuration of the water table and most of the fluctuations in groundwater discharge to 
streams. The water table is near the contact between regolith and weathered bedrock because a 
large flux has formed regolith at shallower levels by solution of the rock cement; fresh bedrock 
at deeper levels indicates a smaller water flux. Seasonal declines in water table elevation can 
nearly drain this interval. The resulting changes in transmissivity explain an order-of-magnitude 
fluctuation in groundwater discharge rates even though contours of water table elevation at the 
times of annual high and low water levels show little change in hydraulic gradients. 

Changes in saturated thickness with the inverse of hydraulic gradient from one topographic 
location to another explain the common observation that the water table is a subdued replica of 
land surface, because the product of transmissivity and hydraulic gradient is nearly constant at 
all locations along any flow path. The concept of a thin water table interval is new and detailed 
studies designed to directly define this interval have not been conducted. Groundwater movement 
below the water table interval is dominated by flow through fractures which can be separated into 
the larger and well connected water producing fractures, and those smaller ones that make up the 
matrix. 

More than 600 values of transmissivity have been measured by slug tests (primarily) and 
other tests in the study area. A cumulative probability graph (Fig. 2.7) of transmissivity data 
from both water~producing openings and matrix fractures shows two slopes, thereby indicating 
two different populations. The upper popUlation represents water-producing intervals in the 
shallow groundwater zone, and the geometric mean of transmissivity is 0.23 m2/d (0.27 yd2/d). 
The minimum transmissivity value in the upper population is the same as the maximum 
transmissivity in the lower population and is 0.0055 m2/d (0.0065 yd2/d). The lower population 
represents the matrix intervals, and the geometric mean of transmissivity is 0.001l m2/d 
(0.0013 yd2/d) (Solomon et al 1992). 

The deeper groundwater zone occurs below any water-producing intervals and generally has 
the same hydrologic characteristics as matrix intervals within the shallow groundwater zone. The 
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fracture porosity of the deeper groundwater zone has not been determined but probably is smaller 
than water-producing intervals of the shallow groundwater zone. There is a smaller spatial 
frequency of open fractures at depth, and average aperture is smaller because of a larger 
overburden pressure. A typical effective porosity in the deeper groundwater zone might be in 
the range of 1 x 10-5 to 1 x 10"" and the geometric mean of transmissivity in the deeper 
groundwater zone is 0.00044 mid (0.00143 ft/d). 

The small geometric mean of transmissivity in the deeper groundwater zone, as compared 
to water-producing intervals in the shallow groundwater zone, indicates that rates and quantities 
of groundwater flow are much smaller than in the shallow groundwater zone. Transmissivity has 
not been measured in the brine section of the groundwater zone; however, it is probably very 
low. 

2.3.3.1 Flow at the soillbedrock interface 

A convergence of evidence indicates that most water in the groundwater zone of the 
aquitards is transmitted through a layer, - 1 to 5 m (3 to 15 ft) thick, of closely· spaced, 
connected fractures near the water table. Many open fractures, which extend only a short
distance into the rock, can be seen on outcrops, and the near correspondence of the water table 
with the top of weathered bedrock in the ORR is probably not coincidentaL Regolith above this 
level has been formed by a large water flux, and the presence of unweathered bedrock at deeper 
levels apparently indicates a smaller water flux. Cyclic variations in water table elevation change 
the saturated thickness of the permeable layer. The resulting changes in transmissivity explain 
an order-of-magnitude fluctuation in groundwater discharge rates even though (1) contours of 
annual high and low water table elevations show little change in. hydraulic gradient and 
(2) seasonal changes of water level in most wells are small compared with height of the water 
level above stream level. Compensating ,changes in hydraulic gradient and saturated thickness 
occur from one topographic location to another in order to conserve mass in the aquifer. The 
product of transmissivity and hydraulic gradient is constant (or increases with recharge) along 
each flow path. 

The range of seasonal fluctuations in depth to the water table and in rates of groundwater 
flow vary significantly across the reservation_ In the areas of the Knox aquifer. seasonal 
fluctuations in water levels average 5 m (16 ft), and the specific discharge through the active 
groundwater zone is typically 9 m/year (30 ft/year). In the aquitards of Bear Creek Valley, 
Melton Valley. East Fork Valley, and Bethel Valley, seasonal fluctuations in water levels average 
1.5 m (5 ft), and typical specific discharge is 5 m/year (16 ft/year). 

As in the stormflow zone, the bulk of water mass in the water table interval resides within 
porous matrix blocks between fractures, and diffusive exchange between matrix and fractures 
reduces contaminant migration rates relative to fracture fluid velocities. For example, the leading 
edge of a geochemically nonreactive contaminant plume migrates along fractures at a typical rate 
of 1 mid (3 ft/d); however, the center of mass of a contaminant plume typically migrates at only 
0.05 mid (0.16 ft/d). 

The concept of the thin, transmissive water table interval is relatively new and few data exist 
that can define it. The vertical distribution of hydraulic conductivity at the residuumlbedrock 
interface needs to be defined as well as the extent to which this zone acts as a conduit to 
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groundwater flow before this hypothesis can be included in the site conceptual model. Another 
important aspect of this hypothesis is to define how the nature of this zone varies relative to the 
underlying geology. 

2.3.3.2 Fracture control of now paths 

Below the water table interval, fracture control becomes dominant in flow path directing, 
particularly in the aquitards. The base of the water table interval corresponds to the zone of 
transition from regolith to bedrock. In the intermediate interval of the groundwater zone, 
groundwater movement occurs primarily in permeable fractures (Sledz and Huff 1981; Smith and 
Vaughan 1985; Dreier et al. 1987a; Moore 1988). 

Rocks in the ORR have little intergranular porosity and permeability, but fractures, both 
parallel to bedding planes andcross-cutting, are present throughout the area. Flow through 
fractures, therefore, dominates the movement of groundwater on the ORR. The cube law 
(doubling a fracture's aperture increases the rate of flow through that fracture by 8 times) results 
in groundwater flow being dominated by the few fractures that have the largest apertures 
(Domenico and Schwartz 1990). Key parameters that determine iffracture systems result in good 
hydraulic permeability relative to their orientation are the connectivity of fractures and lateral 
continuity of the individual fractures. Fracture systems that tend to contain laterally"continuous 
fractures or that contain numerous small fractures that are well connected to each other (such as 
anastomosing fracture patterns) will tend to form higher permeability. 

Both fracture density and average aperture are probably larger in water-producing intervals 
than in matrix intervals. Dreier et al. (1987a, pp. 54-55) measured a fracture density of 200/m 
in saprolite of the WAG 6 area, but fewer fractures occur in rock that is less weathered. Sledz 
and Huff (1981, pp. 44-51) measured a minimum fracture density of 5/m in fresh rock. It may 
be reasonable to assume that average fracture density is 50 to 100lm in water-producing zones 
and 5 to 101m in matrix zones. Moore (1988) calculated that the average aperture in water
producing zones is 0.019 to 0.025 m (0.062 to 0.082 ft), and that fracture porosity is 0.001 to 
0.002. Similarly, he calculated that the average aperture in matrix zones is 0.009 to 0.011 mm 
(0.0003 to 0.0004 in.), and fracture porosity is 6 x 10-5 to 9 X 10-5

• The calculated porosity 
for water-producing zones is only slightly smaller than the average previously determined by 
hydrograph analysis (0.0042). 

Within a fracture, groundwater can flow downdip, laterally, or in both directions. Changes 
in flow direction, as well as splits and joins of flow paths, may occur at fracture intersections, 
and groundwater flow paths may locally resemble stairsteps in both plan and section views. 
Tracer tests, however, show that most groundwater flow is nearly parallel to the water table. A 
typical fracture system in the GWOU (shown hypothetically in Fig. 2.8) is confined to discrete 
strata with the dominant fracture orientation parallel to the bedding planes and little connectivity 
between fracture' systems across bedding planes. 'Because of the'apparent lithological controls 
on fracture development, these fracture systems tend to form more densely at certain: stratigraphic 
intervals. Thus, along-valley flow paths are almost entirely along strike and within water
producing intervals toward cross-cutting, tributary valleys and streams. Cross-valley flow paths 
occur partly in water-producing intervals but also cross matrix intervals toward main-valley 
streams. 
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Below the intermediate interval, small quantities of water are transmitted through discrete 
fractures. Other than this, little is known about the deep interval. The hydrologically active 
fractures in the deep interval are thought to be significantly fewer in number and shoner in length 
than in the other intervals, and the spacing is thought to be greater, partly because of less 
dissolution of fracture fillings. Fracture orientations are thought to be similar to those described 
earlier for the water table interval. 

2.3.3.3 Karst control of flow paths 

Karst is a type of topography that forms over gypsum, limestone, and dolomite bedrock as 
a result of both surface and subsurface dissolution of the bedrock. Because it is directly related 
to subsurface activity, karst also refers to all of the features that arise as a result of dissolution, 
including subsurface cavities. Karst occurs worldwide. It is actively developing today and has 
developed in the past to become a part of today's rock record (paleokarst). In the case of ORNL, 
karst involves dissolution of carbonate rocks, i.e., limestone and dolomite, which occurs in 
response to complex chemical equilibria between atmospheric CO2 , groundwater, and the 
carbonate rock. Dissolution occurs more readily at low pH but, as a chemical reaction, it is also 
'highly dependent upon other parameters such as groundwater composition. 

Karst-related features have great potential for enhancing a rock's ability to transmit 
groundwater and for directing its flow. Cavities are the most obvious example in this regard. 
Open cavity systems that are well-connected to exit points are highly transmissive; cavities that 
are poorly connected or filled with detritus can be less transmissive. Less obvious karstic feature 
for transmitting groundwater are topographic irregularities. such as solution valleys, that formed 
on paleosurfaces and today provide preferred groundwater pathways along bedding planes. 

Cavities have been identified in many drill holes in the ORR. In most instances, they appear 
to have formed along existing fractures by solution enlargement of voids. However, Moore 
(1988) presented arguments that many cavities may have formed in the geologic past. For 
example, many cavities are filled with terrace gravels that developed on paleosurfaces and Moore 
(1988) argues that the cavities which contain the gravels must have formed contemporaneously 
with the gravels. These cavities may represent ancient flow paths that are active today. The 
likelihood of ancient cavities in the rocks of the ORR imply the possibility of other paleokarst 
features, such as solution valleys, which today may serve as conduits for groundwater. Solution 
valleys and other paleokarst, surficial features are today more occult than cavities. Whereas 
cavities are readily apparent when intercepted during drilling, the surficial features are 
camouflaged along bedding planes. However, likely locations for paleokarst topographic conduits 
are at unconformities where the stratigraphically lower bed is composed of carbonate rock. 

Solution cavities in the ORR are not well characterized. As a result, our understanding of 
their origin and abundance is lacking, and the data for comparing the transmissive quality of 
cavities to that of fractured rock is inconclusive. The reason for the poor characterization of 
cavities is that they tend to occur only in the purest, most massively-bedded carbonate rocks. In 
the whole ORR, this type of rock is dominated by the Knox aquifer which, because it occurs 
along ridges, is apparently unimponant for contaminant transpon and has not been extensively 
studied as rocks occurring in ORR Valleys. In the GWOU, massively-bedded, pure carbonates 
are relatively sparse. They occur mainly in the Rockdell and Witten formations in Bethel Valley, 
in a dolostone unit in the Rome formation on Haw Ridge, and in the Maynardville Limestone of 
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the Conasauga Group along the GWOU southern boundary in Melton Valley. Transmissivity data 
for cavities, including those in the Knox aquifer, show them to be, on average, twice as 
transmissive as fractures (0.085 mid vs. 0.041 mid, respectively) (Moore 1988). However, the 
difference .between the averages is not statistically significant (Moore 1988). Apparently, this is 
a result of the relatively few data for cavities (25) compared to the total number of data points 
(407), and the fact that the transmissivity data for cavities constitute both the highest and the 
lowest values of the data set with few values for cavities in between. This latter point probably 
arises because active, cavity-dominated flow systems are highly transmissive but, apparently, 
some of the fossil cavity flow paths are no longer active. 

Although it lies outside the GWOU boundaries, the Knox aquifer has important effects on 
containing GWOU groundwater. Also, because it is the dominant, massively-bedded, carbonate 
unit in the ORR, it provides a good analog for similar type rocks in the GWOU. Groundwater 
flow in the Knox aquifer is dominated by a few cavity systems. Two wells on the southeast side 
of Bear Creek Valley are reported to produce > 60 Lis of water, and about a dozen large springs 
discharge water near the base of ridges underlaid by the Knox aquifer. Also, a tracer test in the 
Knox aquifer showed a fluid velocity of 200 to 300 mid (656 to 984 ft/d) between a swallow hole 
and a resurgent spring farther downstream (Ketelle and Huff 1984). However, most existing 
wells in the Knox aquifer yield small quantities of water « 1 Llmin) and do not represent 
conditions in the most permeable regions. A statistical analysis of transmissivity data shows a 
geometric mean value of 2.3 x 10'3 cm2/s with a mean minus one standard deviation of 3 x 10-4 
cm2/s and a mean plus one standard deviation of 2.2 x 10.2 cm2/s. The available data suggest 
that the bulk permeability in the Knox is ten times greater than the ORR aquitards and, in some 
places, the Knox is very permeable and is capable of transmitting large quantities of water. 

The velocity of groundwater in cavities is at present poorly defined as a result of the 
. contradictory evidence from tracer tests and groundwater hydraulic gradients. The velocity of 
flow in the main conduits is an important parameter in predicting the rate of migration of 
contaminants in the subsurface. The stratigraphic location and depth of cavities in the aquitard 
formations are needed to better define flow paths. 

2.3.3.4 Strata-bound now paths 

Groundwater flow near valley floors within the GWOU is often confined within discrete beds 
where movement occurs preferentially along strike toward cross-cutting drainageways. This type 
of flow is called strata-bound flow. Elongated cones of depression during pumping tests and first 
arrivals of tracers in wells located along geologic strike from the point of injection have been 
interpreted in some previous studies as indicating anisotropic flow and rock masses that are more 
permeable in the along-valley direction than in the cross-valley direction. Instead, these 
observations and measurements are best explained by strata-bound flow that results from the 
occurrence of solution cavities within only the purest and most massively bedded carbonate units, 
and by the development of fracture networks within discrete beds where flow paths within 
networks have a much larger average permeability than do flow paths acrpss matrix intervals 
from one fracture network to another. 
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Examples of strata-bound flow at ORNL have been identified from the distribution of 
contaminants in plumes and from groundwater elevation measurements. The following are 
presently-known examples of preferred flow paths at the ORNL site: 

• A plume of radiologically contaminated groundwater has been identified at WAG 1 (Ketelle 
and Lee 1992). In this situation, radiologic contamination identified in Well 4005 at WAG 1 
led to the development of a hypothesis for strata-bound contaminant migration in the Witten 
Formation. A 18-m (36-ft) thick limestone bed of apparent biothermal origin contained the 
highest levels of contamination in Well 4005 (487,093 pCi/L and 585,497 pCi/L gross 
beta/gamma). The subsurface extent of this bed was mapped using key stratigraphic 
indicators. Then using the hypothesis for strata-bound flow paths, the discharge points to 
storm drains and First Creek were predicted for this flow path. The predicted outfalls were 
subsequently tested by analyzing historical data for surface water and groundwater quality 
and the hypothesis was confirmed. 

• Groundwater contamination has been identified at WAG 3 in Bethel Valley in monitoring 
wells and in surface water bodies that drain the site. Contamination in surface water appears 
in two distinct areas, one in the northwest tributary of White Oak Creek and a second in an 
unnamed tributary to Raccoon Creek. Studies of these tributaries have identified specific 
reaches that appear to be the sources of each stream's contamination. The hypothesis that .' 
strata-bound flow in the Witten Formation is controlling the distribution of contamination 
at WAG 3 comes from the observation that a line drawn between the seeps along each 
stream runs approximately parallel to strike and passed through SWSA 3, the expected main 
contributor to groundwater contamination in WAG 3. The distribution of contaminants in 
monitoring wells at this site is difficult to explain. The hypothesis for preferential flow 
needs to be further developed and tested for this site. 

• At WAG 7 in Melton Valley where liquid radioactive wastes were disposed of in open 
trenches, radionuclide migration away from the trenches has been identified (Olsen et al. 
1983, 1986). Groundwater contamination at this site varies seasonally. being low in the fall 
and winter and increasing with a rise in groundwater levels in the spring. Transport 
pathways in shallow groundwater at this site appear to be influenced by two faults and the 
limbs of a plunging anticline. High radionuclide concentrations occur where the water table 
intersects specific bedding planes, faults. and folds which probably served as preferential 
pathways during liquid disposal. 

r 

• Well 0883 is a 15-m (49-ft) open hole with a .3-m (I-ft) cavity at the bottom. The well is 
located in WAG 1 on the south side of the impoundments near White Oak Creek. Water 
levels in well 0883 fluctuate only about 1.5 m (5 ft) [between 226 m and 227 m (741 ft and 
746 ft) above mean sea level], even during heavy rains, which is relatively little compared 
to other wells in the ORR. Additionally. these water levels are some 8 to 9 m (25 to 30 ft) 
below the water level of White Oak Creek and more in line with the elevation 'of the Clinch 
River on the west end of the GWOU. These observations imply that the stratum into which 
well 0883 penetrates contains a well-connected, cavity-dominated exit pathway whose water 
level is controlled by the level of the Clinch River. 

The physical and stratigraphical locations of the strata-bound flow paths underlying Melton 
Valley and Bethel Valley need to be cataloged. A better understanding of the mechanisms that 
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result in strata-bound fracture systems. and the relationships between fracture formation and 
parameters such as bed thickness and lithology, will provide a basis for identifying and 
prioritizing likely zones and areas where strata-bound flow conduits exist. When identified. the 
depth of those conduits and the nature of flow at deeper intervals will need to be determined. 
Also important will be the nature and direction of flow in conduit systems close to discharge 
points at the surface such as springs, seeps, and stream channels, and near groundwater divides. 

2.3.3.5 Flow in alluvium deposits 

Three piezometer wells near WAG 13 show that recent alluvium along the floodplain of 
Clinch River consists mainly of brown silt and clayey .silt - 8 m (26 ft) thick. Gravel was mixed 
with the silt in samples from one welL Along White Oak Creek and Melton Branch, alluvium 
is < 1 m (3.3 ft) thick, fine grained and difficult to distinguish from residual and colluvial soils. 
Subangular to rounded terrace gravels have been commonly described as mixed with clay and silt 
in near-surface samples from many wells. At one location, ~ear Well 270 in WAG 6, a terrace 
deposit -5 m (16 ft) thick was found to consist of "well-rounded pebbles and cobbles of 
quartzite and other resistant materials along with sand, silt, and clay .. " The pebbles and 
cobbleS. which are not representative of the surrounding bedrock, are thought to be remnants of 
an ancient floodplain of the nearby Clinch River" (Lomenick and Wyrick 1965, p. 5). 

Hydrologically, the floodplain and terrace materials are considered to be a part of the 
regolith for the purpose of this report. However, rounded gravel; pebbles, and cobbles are also 
reported as fill material in many bedrock cavities. 

Groundwater flow through alluvium deposits is probably locally important. These materials 
are usually porous and have high transmissivities. Most streams are probably hydraulically 
connected to the alluvium which may effectively act as a porous liner for the stream channels. 

Alluvium may provide an alternative down valley flow path for water in streams. This has 
important ramifications for analyzing surface water hydrographs and measuring flow in streams. 
Stream flow may be matched by a similar flux in the stream alluvium and the flux in a stream 
channel at anyone point may not represent the total along channel flux. Another possibility is 
that the stream alluvium provides a buffer to high flow stages by providing bank storage. 

2.3.3.6 Depth of flow and br.ine interaction 

Wells finished in the deep interval of the ORR aquitards typically yield < 0.1 Llmin and thus 
have no potential for water supply. The specific storage of the bedrock aquitard is small and, 
as a result, some hydraulic heads in the deep interval respond to precipitation events, even though 
the associated water flux is smalL The chemical characteristics of groundwater in the deep 
interval are different ,from those of the water table interval and probably reflect longer water 
residence times. Although diffusive transfer between fractures and matrix blocks is an important 
process in the deep interval, the total matrix porosity is less than that of the water table interval, 
the vadose zone, or the stormflow zone, thereby reducing the retarding effect on contaminant 
migration rates relative to more shallow zones. 

Identification of a deep groundwater interval is based on limited hydraulic arid geochemical 
data from borehole depths ranging from 30 to 300 m (98 to 984 ft). Hydraulic conductivity data 
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come primarily from straddle packer tests (King and Haase 1987) and are supplemented by slug 
tests and slow-recovery analysis (Dreier and Toran 1989). In general, the intermediate 
groundwater interval shows hydraulic conductivities that are > 10-6 cm/s. The deep groundwater 
interval shows conductivities that are as high as in the intermediate range; however, measured 
conductivities in this interval are also as low as 10-9 cm/s. The low conductivities may be the 
result of either reduced matrix permeability or increased fracture spacing. The high 
conductivities presumably occur when the test interval intersects a permeable fracture. 

The extent to which deep brines interact with water in the intermediate flow paths at the 
ORR is not known; however, some wells in Melton Valley that are screened at intermediate 
depths [(30 to 61 m (98 to 200 ft)] show anomalously high sodium concentrations (60 to 
300 mg/L). This suggests that the deep brine aquifer is not completely isolated from flow paths 
in the intermediate and shallow level. 

In the deep aquifer, hydraulic conduits are probably few and therefore are more important 
for identifying preferred flow paths. Determining the location of flow paths in the deep aquifer 
will be important to addressing long-term contaminant migration in the deep aquifer. 

2.3.3.7 Rate of flow 

For porous media, advective groundwater flow is in the direction of the maximum hydraulic 
gradient. In fractured rock, however, groundwater flow occurs in all directions where there are 
open fractures and a hydraulic gradient. Folds, faults, sealed fractures, and water table rises are 
common barriers to lateral flow in a fracture system, but in the absence of such barriers, 
advective flow from one point in one fracture may eventually occupy a semicylindrical volume 
of the aquifer. Splits and joins of the flow paths have considerable importance for the spread of 
pollutants from a source near the water table, and various amounts of longitudinal dispersivity 
may occur along all branches of the flow paths. 

Calculations of hydraulic gradient assume linear flow paths between the points where 
potentiometric heads are measured. In fractured rocks, the path length between two points may 
be nearly the same as map distance in the directions of the fracture sets. In other directions, the 
length of a stairstep path is up to 1.4 times longer than the map distance in a two-dimensional 
view and up to 1.7 times longer in three dimensions. Path length corrections are generally 
unnecessary for calculations of hydraulic gradient because map distance errors are small and 

. because both permeability and porosity are spatially variable. 

Measurements of hydraulic grading indicate a range of 0.01 to 0.1 for cross-valley hydraulic 
gradient; the average gradient near the water table is -0.05. In the along-valley direction, the 
hydraulic gradient has a range of 0.001 to 0.01 and the average may be -0.005. A hydraulic 
gradient in the range for cross-valley flow may also occur along strike on the slopes of tributary 
valleys. Gradients near the lower ends of these ranges occur in relatively flat areas and gradients 
closer to the upper ends occur on steeper slopes. However, any apparent hydraulic gradient 
larger than -0.06 may represent a cascade, a different flow path, or other discontinuity in flow 
and should be considered suspect. Smaller hydraulic gradients would be expected at deeper levels 
in the aquifer, but at depths of - 20 m (65 ft), gradients are not greatly different than those near 
the water table in the Conasauga Group and the Chickamauga Group. Smaller hydraulic 
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gradients are shown at depths of 30 to 70 m (98 to 229 ft) on sections, of Melton Valley by 
Webster and Bradley (1987, pp. 82, 89), but are based on sparse data. 

The best approach to calculation of average groundwater flow rate in the shallow aquifer is 
uncertain because of (1) truncated populations of hydraulic conductivity values for water
producing intervals and matrix fractures and (2) large flow rates in a small percentage of fractures 
with large apertures. In calculating representative groundwater flow rates, Moore (1989) 
assumed that flow towards the center of valleys from ridges is by way of matrix fractions and that 
flow along strike in valleys is mainly by way of water-producing fractures. Using cumulative 
probability graphs for conductivity derived from aquifer tests in the ORR, Moore (1989) 
determined that flow rates in a tube 1 m (3.3 ft) wide is > 10.3 m3/year for cross-valley but 
< 15 m3/year (19.6 yd3/year). The average flow rate for a tube 1 m (3.3 ft) wide and 30 m (98 
ft) high was 12.5 m3/year (16.3 yd3/year). 

The water table is deeper beneath ridges in areas of the Knox aquifer, and the average 
hydraulic gradient toward nearby streams is -0.01 to 0.03. Assuming an average hydraulic 
conductivity that is ten times greater than the ORR aquitards, the average specific discharge in 
the Knox aquifer is -45 mlyear (147 ft/year). 

The coarse detrital material reported as fill in some cavities and the reported washing away 
of sand during construction of a few wells suggest large groundwater velocities in at least a few 
cavities. A velocity of - 40 cmls (3.5 km/d) is required to move sand with a particle diameter 
of 0.2 to 1 mm (0.007 to 0.39 in.) (Gregory and Walling 1973, pp. 238-239). One tracer test 
in the Knox Group showed a water velocity of - 200 to 300 mid (656 to 984 ft/d) between a 
swallow hole and a discharge point farther downstream (Ketelle and Huff 1984). Another tracer 
test in the Chickamauga Group showed a groundwater velocity of - 20 to 80 mid (65 to 260 ft/d) 
between an excavated cavity in limestone and a sump in a reactor building at ORNL. In contrast, 
low water velocities are indicated by the range of hydraulic conductivity values and by the 
hydraulic gradients that have been measured in the shallow aquifers. Typical lateral gradients 
in the study area are 0.005 to 0.05 following Darcy's law; if the gradient is 0.05, groundwater 
velocity near the cavity well that has the largest hydraulic cOJ1ductivity [7.6 mid (25 ft/d)J is only 
0.38 mId (1.24 ft/d). 

2.3.4 Groundwater Geochemistry 

2.3.4.1 Geochemistry 

The composition of groundwater is controlled by many factors, including the chemical 
content of recharge waters, interactions with regolith and bedrock, residence times, and mixtures 
or dilutions with waters from other flow paths. These factors and the complexity of flow paths 
below the water table commonly result in large differences in the concentrations of dissolved 
constituents in nearby wells. Also, the concentration of the constituents in water at some wells 
is not constant but varies throughout the year. 

Stonnflow Geochemistry 

Only a few incomplete chemical analyseS are available for water from the stormflow zone. 
Davis et aI. (1984, p. 46) showed analyses of chemical extracts from soils in WAG 6 and 
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described the material as highly leached and strongly acidic; except for one sample, the range in 
pH was 4.0 to 4.7. A water sample from well T6-7 in WAG 7 was reported to contain 3.4 mg/L 
ofCa, 2.7 mg/L ofNa, and 1.2 mg/L of Mg. Another shallow well (1062) in lower WAG 2 has 
shown a range of in-situ measurements for specific conductance of 35 to 56 micromhos/cm at 
25°C (77°P) over a period of 6 months. Samples of surface water collected at a flume in 
WAG 6 (Davis et al. 1984, p. 157) may include some water from the shallow aquifer but show 
a mean specific conductance of 120 micromhos/cm, a mean alkalinity (as HC03) of 120 mg/L, 
a mean Ca concentration of 46 mg/L, and a mean S04 concentration of 13 mg/L. According to 
these data, water in the stormflow zone is acidic to nearly neutral; the water apparently is a 
calcium bicarbonate type, but other important ions are Mg, Na, and S04' Total dissolved solids 
are probably < 100 mg/L. 

Conductor Geochemistry 

In general, the chemical characteristics of groundwater change from a mixed-cation-HC03 

water type to an Na-HC03 type in the ORR aquitards at depths ranging from 30 to 50 m (98 to 
164 ft). Although the geochemical mechanism responsible for this change in water types is not 
entirely quantified, it probably is related towater residence time. The transition from Ca-HC03 

to Na-HC03 serves as a useful marker and is used in this report to distinguish the intermediate 
groundwater interval from the deep interval, a transition which is not marked by a distinct change 
in rock properties. 

The properties and concentrations of chemical constituents in water from the shallow aquifer 
are not constant and may show relatively large changes through time and space. Davis et al. 
(1984) noted changes in specific conductance of up to 50% and on temperature of several degrees 
centigrade in well pickets in Melton Valley. 

An example of spatial variability of specific conductance in Melton Valley is shown on 
Pig. 2.9 (Moore 1988). In this figure, the sections show location and length of each well screen 
and the specific conductance [micromhos/cm at 25°C (77°P)] of water at the center of each 
screen. Groundwater in this area probably flows laterally across the valleys and upward to 
discharge into White Oak Creek. However, there is no apparent relationship between well screen 
locations and amounts of specific conductance. This result apparently indicates nearly unique 
conditions along each of many groundwater flow paths and suggests that the interpretation of 
other data obtained by water quality monitoring will be complex. 

A distinctly different groundwater geochemistry is reported by Webster and Bradley (1987, 
Table 10) from six wells in the Conasauga Group of Melton Valley that range from 30 to 61 m 
(98 to 200 ft) deep. This is a sodium carbonate or sodium bicarbonate type with a pH of 8.5 
to 10.5, a sodium content of 60 to 300 mg/L, and a calcium plus magnesium concentration of· 
< 12 mg/L. These characteristics apparently result from ion exchange (calcium and magnesium 
for sodium) along deeper flow paths. -Total dissolved solids are < 5OOmg/L according to these 
few data. Other water types may also occur in the deeper aquifer, but available data are 
inadequate for characterization. 

A much higher concentration of dissolved salts is found in water from wells in Melton 
Valley that are 150 to 450 m (492 to 1476 ft) deep. Total dissolved solids contents as high as 
300,000 mg/L have been reported. This water is acidic and has (1) a high percentage weight of 
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chloride; (2) an equivalent weight of sodium less than that of chloride; (3) enriched calcium, 
magnesium, strontium, and bromide contents; and (4) relatively low concentrations of 
bicarbonate, sulfate, and nitrogen. In terms of membrane-filtration theory, these waters are 
membrane concentrated and connate. 

Saline water, having total dissolved solids ranging from 2000 to 275,000 mg/L, lies beneath 
the deep interval of the groundwater zone, delineating an aquiclude. Chemically, this water 
resembles brines associated with major sedimentary basins, but its origin and rate of movement 
are not known. The depth to the aquiclude is -180 to 240 m (590 to 787 ft) in Melton and 
Bethel Valleys and is believed to be > 300 m '(984 ft) in portions of Bear Creek Valley. Depth 
to the aquiclude in areas of the Knox aquifer is not known but is believed to be > 350 m 
(1148 ft). 

2.3.4.2 Contaminant fate and transport 

Subsurface contamination may occur by spills and leaching at land surface; by leakage from 
pipes, drains. buried tanks, and sumps; and by the leaching of buried materials, including wastes. 
Contaminants may thus be introduced into the stormflow zone, the vadose zone, or the shallow 

, aquifer. Soluble and liquid constituents (and probably colloidal particles) are entrained in 
groundwater in the source areas and generally move toward points of discharge at springs and 
streams. Contaminant transport occurs along preferred flow paths that connect the sources to 
discharge areas. ' ' 

The exposed surface available to geochemical reactions with bedrock is substantially less 
when considering flow through fractures versus porous media flow. Thus contaminants are less 
likely to be retarded by sorption or filtration, and this is especially true for the larger fractures 
with the highest flow rates. Overall, fracture flow allows contaminant.\; to migrate more rapidly 
and with less reduction in concentration to exit points than would be the case if flow was by way 
of a porous medium. 

In many instances on the ORR, groundwater sampled in monitoring wells has been highly 
contaminated, whereas closeby surface water bodies do not show the same level of contamination. 
This has lead to the hypothesis of Matrix Diffusion, where much of the currently identified 
groundwater contamination is located in the matrix of the bedrock and is not connected to the 
preferred flow paths. Migration in the matrix is much slower and hydraulic conductivities are 
much lower. Movement of contaminants is by way of limited mixing of matrix and flow path 
waters, or by diffusion of dissolved contaminants from the high concentrations in the matrix to 
lower concentrations in the flow paths. In this way, the majority of groundwater contamination 
is held in a reservoir of contaminants below the main waste areas that is slowly released to the 
active flow network. 

Lateral flow in the shallow groundwater zone is relatively slow, an average of 1 mid 
(3.3 ft/d), and only 5 to 10% of all streamflow moves through this zone to discharge locations. 
However, the complex flow paths mean that any contaminant introduced at a point would soon 
occupy all fractures within a semicylindrical volume of the aquifer and that pollution in upland 
areas would continue to spread both radially and vertically. In valleys, on the other hand, the 
convergence of lateral and vertical flow pathS toward discharge locations would tend to localize 
a pollution plume toward exit points. 
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Only - 1 % of all groundwater follows flow paths through the deeper groundwater zone. 
This water comes from the shallow groundwater zone and eventually may flow upward, back into 
the shallow groundwater zone. Fractures in the deeper groundwater zone are tightly compressed; 
filtration and sorption may be somewhat more effective than in the enlarged fractures and cavities 
of the shallow groundwater zone. Webster and Bradley (1987, pp. 34, 59, 75-78) detected little 
radionuclide contamination below a depth of 30 m (98 ft) in Melton Valley. Well yields are very 
low in the deeper groundwater zone, and large volumes of rock could be dewatered at an average 
pumping rate of 0.2 Llmin for each well. 

2.3.5 Surface Water 

The two valleys that comprise the GWOU are connected by the same surface water drainage 
system. Melton Valley is drained by two main channels, Melton Branch and White Oak Creek, I 

which merge and flow into White Oak Lake. From there, surface water drains directly into the 
Clinch River. In Bethel Valley, the sole main drainage is White Oak Creek, which passes 
through the water gap into Melton Valley. A topographic divide on the western end of Bethel 
Valley causes surface water on the eastern side of the divide to flow into White Oak Creek and 
exit through the water gap while surface water on the western side of the divide flows into the 
Clinch River through Raccoon Creek. Additionally, the area around Bearden Creek on the 
eastern boundary of Bethel Valley constitutes a topographic divide: Thus, except forthe water 
gap in Haw Ridge, Bethel Valley is a closed basin in terms of its surface water. 

There is an important relationship between groundwater and surface water in the GWOU in 
that nearly all streamflow is discharged groundwater (Moore 1988). According to the 
groundwater model of Solomon et al. (1992), fully 90% of all subsurface flow occurs within the 
stormflow zone and this discharges immediately into streams. Even water that percolates through 
the stormflow and vadose zones into the water table interval of the groundwater zone mostly is 
discharged into surface streams. This relationship between groundwater and surface water in the 
GWOU results in numerous seeps and springs that occur on the ridges and the valley floors. 
Some seeps and springs are ephemeral, arising in response to heavy or prolonged precipitation. 
Others are permanent. For instance, many of the springs on Chestnut Ridge are fed by the Knox 
aquifer and probably arise where solution cavities and preferred flow paths meet the surface, 
creating the perennial creeks that flow into Bethel Valley. Other springs and seeps occur on 
ridges and valley floors where the water table intersects the surface. 

Surface water data are important input parameters for understanding groundwater in the 
GWOU. For example, according to Moore (1988), monitoring of White Oak Creek below its 
confluence with Melton Branch in Melton Valley showed natural streamflow (Le., streamflow 
minus input from water imported for ORNL activities) in late June 1988 to be near zero. An 
important inference that can be made from Moore's (1988) observation is that White Oak Creek 
is losing water. A continual supply of surface water reaches Bethel Valley from the perennial 
springs that flow from the Knox aquifer at Chestnut Ridge. Thus, only loss of surface water can 
account for Moore's (1988) observation. A probable mechanism for water loss is groundwater 
recharge along the course of White Oak Creek, an idea that challenges the accepted notion of 
recharge being restricted to ridges in the GWOU. 
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2.3.5.1 Surface water contamination 

The surface water system-seeps, springs, and streams-constitute the primary exit pathway 
for most water in the groundwater system at ORNL. The nature and extent of contamination in 
.surface water is, therefore, indicative of the nature and extent of contamination in groundwater. 
This is an important concept as, in general, monitoring surface water is more cost effective than 
monitoring groundwater. At the same time, surface water discharge points are located at the end 
of groundwater flow pathways and are representative of the active flow systems, whereas 
groundwater wells do not necessarily intersect groundwater pathways. 

Groundwater and surface water contamination at WAG 3 serves as an example of how 
identification of surface water contamination can lead to a better understanding of the nature of 
groundwater contamination and provide information on the flow paths in groundwater. WAG 3 
straddles the surface water divide between White Oak Creek and Raccoon Creek in Bethel Valley 
and straddles the apparent shallow groundwater divide between these two drainage systems. 
Groundwater quality data for this area are sporadic and analysis of groundwater at three wells 
in the vicinity of the WAG has identified the main contaminant in groundwater as \lOSr, with one 
analysis of Cd above maximum contaminant levels (MCLs). 

Contamination with \lOSr has been identified in the northwest tributary of White Oak Creek 
and in Raccoon Creek. A 30.5 m (100-ft) reach of the northwest tributary of White Oak Creek 
and a similar reach in an unnamed tributary at the headwaters of Raccoon Creek have been 
reponed as the primary sources of this contamination. A line drawn connecting these discharge 
points is parallel to geologic strike and passes through SWSA 3, the primary source of this 
contaminant. 

Using this preliminary evidence derived from limited groundwater data and stream data, it 
is possible to infer that the primary groundwater and contaminant flow paths from WAG 3 are 
strata-bound and discharge to the surface water where the flow paths intersect the stream valleys. 
This will allow the investigation at WAG 3 to be more focused. 

2.4 GWOU BOUNDARIES AND PATHWAYS 

Establishing verifiable boundaries for the GWOU is the principal goal of this characterization 
plan. The present boundary condition hypothesis is that contaminants residing within the GWOU 
do not migrate outside of the conceptual boundaries. As described in Sect. 2.1, the primary 
emphasis of the initial investigations will be to test this working hypothesis by evaluating the 
integrity of the GWOU conceptual boundaries. If the results of these initial investigations 
invalidate any of the conceptual boundary conditions, then steps will be taken to characterize 
contaminant transport within the GWOU that leads to off-site migration. 

The conceptual boundaries of the GWOU (Fig. 2.10) are defined by presumed groundwater 
divides that define the hydrologic regimes of Bethel Valley, Melton Valley, and Raccoon Creek. 
Three of these boundaries parallel the regional strike: Chestnut Ridge to the north, Copper Ridge 
to the south, and Haw Ridge, a medial groundwater boundary that acts as a divide between Bethel 
and Melton Valleys. All three ridges constitute surface water divides and, for reasons explained 
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below, are assumed to constitute groundwater divides. The remaining boundaries are the east, 
west, and a basal boundary. 

2.4.1 North and South Boundaries 

2.4.1.1 Description 

The northern groundwater conceptual boundary of the GWOU is the contact between the 
Knox Group and the overlying Chickamauga Group near the base of Chestnut Ridge (Fig. 2.9). 
Because of repetitions of surface rock units that result from the compressional tectonics that 
formed the geology of East Tennessee, the Knox Group is also an important component of the 
southern boundary. This boundary is marked by the contact of the Knox Group with the 
underlying Conasauga Group at Copper Ridge (Fig. 2.10). Because of the importance of the 
Knox Group at both boundaries, the two are considered together here. 

The Knox aquifer, at Chestnut Ridge, is confined between aquitards. As a result, it is 
believed that the hydraulic head on the Knox aquifer exceeds that in the rocks surrounding it and 
this pressure difference acts as a divide, effectively separating the groundwater of Bethel Valley 
from that in Bear Creek Valley to the north. Visual evidence of the confined head lies in 
numerous springs, seeps, and perennial creeks that arise from the Knox along Chestnut Ridge. 
Solomon et al. (1992) estimated an average specific discharge in the Knox aquifer of -45 m/year 
(147 ft/year), compared to -11 m/year (36 ft/year) for more permeable intervals of the 
aquitards. However, though on average the Knox aquifer is more permeable and transmissive 
than the aquitards, it is heterogeneous with respect to its hydrologic properties. For example, 
two creeks arising from the Knox on Chestnut Ridge that are marked as perennial creeks on 
USGS topographic sheets are, in fact, ephemeral creeks that flow only during and immediately 
after heavy rains. This heterogeneity probably results from the distribution and connectedness 
of solution cavities in the Knox. 

The Knox aquifer along the southern boundary of the GWOU holds up Copper Ridge. 
Similar hydrologic conditions are thought to exist at the southern boundary as exist at the 
northern boundary, but little or no data are available to support this assumption. 

Hydrologic isolation of the GWOU along its north and south boundaries is dependent on the 
ability of the Knox Formation to prevent groundwater from escaping the GWOU. Most of the 
present understanding of the hydrologic character of the Knox in the GWOU comes from studies 
conducted along Chestnut Ridge. For the most part, these indicate a closed boundary with the 
possible exception of the heterogeneous distribution of permeability. Little if any work has been 
conducted on the Knox along Copper Ridge and it is not known if these rocks exhibit similar 
characteristics to those along the northern boundary. 

2.4.1.2 Data gaps and needs 

Data gaps associated with the north and south boundaries are strongly tied to the Knox 
aquifer even though the- rocks that make up the aquifer lie outside the OU boundaries. The 
reason for this is that within the conceptual model the Knox aquifer effectively acts as a 
hydrostatic pressure seal to flow across the geologic contacts at the north and south boundaries. 
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Thus, the data gaps that arise concerning the Knox seek boundary condition confirmation. The 
concept of the Knox aquifer as a hydrostatic pressure seal arises from the following observations: 

• The Knox aquifer has higher transmissivity to depth than the aquicludes as a result of the 
extensive cavities in the formations that constitute the aquifer. Therefore, water can be 
transmitted to depth in the Knox aquifer more easily than in the aquitards, and hydraulic 
gradients in the aquifer will be generally lower than those in the aquitards. 

• The formations of the Knox aquifer generally make up ridges in the ORR; therefore, 
recharge at the ridges can maintain a higher hydrostatic head. 

• Cross strata transmissivity in the aquitards and between the aquitards and the Knox aquifer 
is relatively poor compared to transmissivity within strata. 

The difference between recharge rates and the poor transmissivity across strata can maintain a 
higher hydraulic head in the Knox aquifer than in the aquicludes. However, in locations where 
the Knox aquifer is well connected to a pathway to the Clinch River,. the hydrostatic level of the 
Watts Bar Lake will exert a strong influence on the head in the Knox, resulting in lower heads. 
This concept needs to be tested for both the north and south boundaries because no wells 
penetrate the Knox/aquiclude contact such that pressures on either side of that boundary can be 
measured. 

North Boundary. At the north boundary, the high hydraulic head in the Knox aquifer 
results in perennial spring and stream discharge at the contact with the Chickamauga Group along 
most of Chestnut Ridge. In one area, north of WAG 3, ephemeral creeks that flow down 
Chestnut Ridge raise doubts as to the effectiveness of the aquifer as a pressure barrier along the 
north boundary of GWOU at this point. 

If hydraulic head in parts of the Knox is less than that in the overlying Chickamauga Group, 
the Knox may become an exit pathway for contaminants in Bethel Valley. Variable hydraulic 
head in the Knox could signify discrete cavity systems, each with its own characteristic hydraulic 
head. In this case, regions df the Knox with low head could be the result of either direct 
connection to an exit pathway or relaxation of confining pressure that causes upward flow into 
the Chickamauga Group. Either case raises the possibility that the Knox Group rocks may be 
acting as conduits for transporting contaminants either along strike into the Clinch River or into 
deeper groundwater by means of longer flow paths away from the ORR. 

The enhanced permeability of the Knox, relative to other rocks of GWOU, is the result of 
pervasive solution cavities. These could be relatively modem features, in which case they will 
be more concentrated at the relative near surface (e.g., at outcrop along Chestnut and Copper 
Ridge). However, the Knox Group at Chestnut Ridge sits beneath a major disconformity, and 
variable thickness of the Mascot Dolomite at the top of the Knox Group indicates that the rocks 
were exposed and eroded during the early to middle Ordovician (Hatcher et al. 1992). Today, 
the Knox may possess paleokarst features, including remnant cavern systems, that developed 
when the Knox was subaerially exposed. Subsequent to its exposure at the surface, the Knox 
would have been buried, then exhumed during or after the Appalachian orogeny. Diagenesis 
during burial has the potential to anneal paleosolution features, but the extent of diagenesis of the 
Knox during burial has not been characterized. If annealing were relatively minor, the Knox 
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could have been left with significant permeability that exists today deep beneath the GWOU. In 
addition. a potential result of a paleokarst topography is that, today. the topographic irregularities 
on the paleosurface of the Knox could provide preferred pathways for groundwater flow along 
the unconformity with the overlying Chickamauga Group. The distribution of solution features 
in Knox Group rocks and the degree to which they are connected are important parameters for 
understanding the role of these rocks as a pressure barrier to the groundwater at the north 
boundary of the GWOU. 

South Boundary. Investigations of the Knox aquifer under Copper Ridge and its contact 
with the underlying Nolichucky Shale are particularly important for understanding the south 
boundary of GWOU. Most of our information regarding the behavior of the Knox aquifer at 
ORNL comes from investigations conducted along the northern boundary of GWOU. Chestnut 
Ridge. Characteristics of the Knox aquifer along the southern boundary are inferred from this· 
information. On Copper Ridge, the lower boundary of the Knox aquifer is the contact between 
the Nolichucky Shale and the Maynardville Limestone, both in the Conasauga Group. Elsewhere 
in the ORR, the Maynardville Limestone contains extensive solution cavities; this feature may 
also be present in this formation below Copper Ridge. The conceptual site model hypothesizes 
that more rapid recharge to the Knox aquifer on Copper Ridge maintains a higher hydraulic head 
than is maintained in the underlying Nolichucky Shale. The southern boundary is therefore 
thought to be a pressure boundary over which any flow is directed into the GWOU from the 
Knox. 

Supporting the hypothesis that greater head is maintained in the Knox aquifer below Copper 
Ridge is a line of perennial springs that occurs approximately at the Maynardville/Nolichucky 
contact along the base of Copper Ridge. Monitoring wells into the Nolichucky in Melton Valley 
confirm that head in this formation is below that of the springs, suggesting that the springs 
discharge from the Knox aquifer. 

2.4.2 Medial Boundary 

2.4.2.1 Description 

The assumed boundary for groundwater between Bethel Valley and Melton Valley is the 
Rome Formation which holds up Haw Ridge (Fig. 2.10). Four factors contribute to this 
boundary. First, the Rome Formation is one of the aquitard units in the ORR. Second, Haw 
Ridge is a topographic high and, because groundwater flow is thought to be relatively shallow 
in the GWOU, the ridge prevents groundwater, from crossing valleys. Third, a karstified 
dolomite unit within the Rome Formation exhibited artesian water pressure when intercepted 
during drilling on Haw Ridge. This dolostone may act as a pressure barrier between any deep 
groundwater within Bethel Valley and Melton Valley. Fourth, the Copper Creek Fault, which 
lies beneath the Rome Formation on Haw Ridge, has traditionally been interpreted to be 
impermeable to groundwater (de Laguna et al. 1968). 

2.4.2.2 Data gaps and needs 

The validity of the model for Haw Ridge as a divide between the groundwater units of Bethel 
and Melton Valleys rests on four mechanisms: (1) low permeability of the Rome Formation, 
(2) shallow .groundwater flow in GWOU, (3) high piezometric head in a dolostone unit of the' 
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Rome Formation creating a pressure divide. and (4) low permeability of the Copper Creek fault 
zone. 

Two geological features specific to Haw Ridge can be potential conduits for deep 
groundwater flow. The first feature is the Copper Creek Fault, which is exposed along higher 
elevations on Haw Ridge and intersects the valley floor in the White- Oak Creek water gap 
(Fig. 2.10). The fault zone rocks have '-1een thought to be impermeable to groundwater flow 
(de Laguna et al. 1968), but recently, _ Nativ and Hunley (1993) cited evidence for permeable 
regions within the fault zone. Because the water gap is an important funnel for surface water 
from Bethel Valley to Melton Valley. fault zone regions of high permeability in the water gap 
could become conduits for deep groundwater flow and contaminant transport beneath Melton 
Valley. 

The second geological feature specific to Haw Ridge is the morphology of the water gap, 
which suggests structural control of its position and could also result in a permeable groundwater 
pathway .. The water gap is a steep-sided feature through Haw Ridge created by a relatively small 
creek. Its form is not the typical V-shaped notch expected of an antecedent stream. In addition, 
the two segments of the ridge on either side of the water gap do not constitute a continuous. 
linear feature. The northeast segment of the ridge is offset to the southeast relative to the other 
ridge segment. Dreier et al. (1987b) mapped the water gap as the location of a tear fault 
associated with the Copper Creek thrust fault. If the position of the water gap is controlled by 
a plane of weakness in Haw Ridge, such as a major fault, the structure could act as a 
groundwater recharge conduit leading to deep flow in Melton Valley. The abilities of this 
possible structure and of the Copper Creek fault zone to transmit groundwater are enhanced 
where the two structures intersect. 

Characterizing the hydrologic properties of the Rome Formation is also important to 
understanding the_ effectiveness of the medial boundary as a hydrologic barrier. Two points need 
to be tested: (1) the relative impermeability of the bulk of the Rome Formation, and (2) the 
effectiveness of the dolostone interval as a pressure barrier. However. regardless of the natures 
of these rocks, if they are cut by permeable structures, such as those suggested above, they will 
not be able to prevent groundwater exchange between the two valleys. 

2.4.3 West Boundary 

2.4.3.1 Description 

The boundary west of the GWOU is the Clinch River (Fig. 2.10). Piezometric 
measurements indicate that, in general. the hydraulic gradient throughout the GWOU is from east 
to west. and present understanding is that the bulk of the groundwater within the GWOU is 
intercepted by surface streams and exits the GWOU as surface water (Solomon et al. 1992). 
Melton Valley surface water drains to the west into the Clinch River via White Oak Creek and 
White Oak Lake. In Bethel Valley, westward surface drainage directly into the Clinch River is 
interrupted by a topographic divide. All of the water in Bethel Valley to the east of this divide 
drains through the water gap in Haw Ridge into White Oak Lake and ultimately into the Clinch 
River (Fig. 2.10). The water to the west of the divide drains to the west by means of Raccoon 
Creek into the Clinch River (Fig. 2.10). Additionally. the Clinch River is assumed to be the 
local base level for the GWOU groundwater system. Therefore, it is currently thought that any 
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groundwater within the GWOU that is not intercepted by surface streams' within the GWOU 
boundaries ultimately is intercepted by the Clinch River. 

A major question regarding the west boundary of the GWOU is the topographic divide that 
separates Bethel Valley from the Clinch River. It is not known whether the divide also 
constitutes a groundwater divide or if groundwater from Bethel Valley underflows it into Raccoon 
Creek. This question holds important implications for contaminant transport, especially from 
WAG 3, and therefore for a mass balance of contaminants that flow out of Bethel Valley via the 
water gap. 

2.4.3.2 Data gaps and needs 

White Oak Lake as the west boundary of the GWOU along Melton Valley is fairly clear cut. 
Only deep groundwater that would underflow the lake and empty directly into, or underflow. the 
Clinch River would violate this boundary. .The site conceptual model says that all groundwater 
in Melton Valley resurfaces before leaving the GWOU. However, as pointed out in this section 
and by Nativ and Hunley (1993), deep flow could occur along deep solution features or fractures. 
Additionally, the rocks beneath Melton Valley are known to contain various structures, such as 
those in the Maryville Limestone, that could act as groundwater conduits. Of additional 
importance to Melton Valley are deep contaminants released to the aquiclude by the hydrofracture 
experiments . 

According to the site conceptual model, the west boundary at Bethel Valley is also the Clinch 
River. However, the bulk of Bethel Valley is separated from the Clinch River by a topographic 
divide that is marked roughly by the location of State Highway 95. It is not clear to what extent 
this surface water divide is also a groundwater divide. Monitoring indicates that contaminants 
from Bethel Valley (apparently derived from WAG 3, which straddles the divide) are entering 
Raccoon Creek on the west side of the divide. Whether the groundwater-passing under the divide 
represents flow from the bulk of Bethel Valley or whether it is only locally derived from WAG 3 
is not known. Quantifying this variable is crucial to other boundary problems in the GWOU. 
For instance, water balance is important to understanding the medial boundary. To calculate an 
accurate water balance, it is necessary to know the proportion of Bethel Valley groundwater that 
exits through the water gap in Haw Ridge and the proportion that exits Bethel Valley at the west 
boundary. Underflow of this western boundary at any point could end up at springs in the bed 
of the Clinch River. It is assumed that all local deep flow paths at ORNL will exit at, or before, 
the Clinch River. 

The hydrologic characteristics of the extensive Clinch River alluvial deposits west of Melton 
Valley are unknown. WAG 13 is located on these deposits and is a likely contributor· to 
groundwater contamination. Additionally, White Oak Lake and Raccoon Creek drain into these 
deposits, and underflow of the western boundaries of the GWOU can also potentially transport 
contaminants into them. 

2.4.4 East Boundary 

2.4.4.1 Description 

The boundary of the GWOU to the east is taken to be Bearden Creek at Bethel Valley and 
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the Clinch River at Melton Valley. Bearden Creek represents a surface water divide and is the 
deepest incision of eastern Bethel Valley tributaries to the Clinch River. Piezometric 
measurements throughout Bethel Valley indicate that the hydraulic gradient decreases from the 
valley's eastern end to its western end. Due to Melton Lake Dam, the Clinch River at Melton 
Valley's eastern end is some 15 m (50 ft) higher than at its western end. This implies a higher 
head in the east and, combined with piezometric measurements, indicates groundwater flow is 
to the west. 

2.4.4.2 Data gaps and needs 

Very few data exist that support the placement of the eastern boundary of GWOU. The 
location of this boundary is determined largely by the following: (1) GWOU-wide hydraulic 
gradient generally decreases toward the west, (2) the Bearden Creek watershed marks a 
topographic high along the eastern part of Bethel Valley, and (3) the Clinch River is 15 m (50 ft) 
higher in elevation along the east boundary than along the west boundary. Local perturbations 
of the general GWOU-wide hydraulic gradient could result in underflow of the eastern boundary, 
particularly at Bearden Creek. Water balances and hydraulic head measurements would provide 
necessary information for verifying the location of this boundary. 

2.4.5 Basal Boundary 

2.4.5.1 Description 

The base of the GWOU at ORNL is taken to be the top of the aquiclude of the subsurface 
flow system within the ORR (Fig. 2.10) (i.e., the contact between freshwater and brine) 
(Solomon et al. 1992), For the purposes of this investigation, brine is defined as water with 
salinity that exceeds 10,000 mg/L. Core hole measurements have shown that the elevation of the 
aquiclude is variable throughout the GWOU. For example, brine is encountered in aquitard rock 
units of Melton Valley at depths ranging between 180 and 240 m (590 and 787 ft) (Haase et al. 
1987; Switek et al. 1987). Brine has not been encountered within the Knox aquifer but is 
believed to be > 350 m (1148 ft) deep (Hatcher et a1. 1992). 

The aquiclude marks the base of the GWOU because it is thought to have negligible flow 
owing to diminishing permeability in the rocks of the GWOU with depth. As a direct result, 
contaminant transport into the brine should also be negligible. Evidence for the presumed rate 
of flow comes from evidence for long residence times of water in the aquiclude. The origin of 
the brine is unknown but its composition is consistent with one that would develop from 
formation waters during long term water-rock interaction or dissolution of evaporites (Solomon 
et al. 1992). Brine composition and temperature are spatially and temporally variable, 
observations that Nativ and Hunley (1993) interpreted to indicate communication with overlying 
freshwater. Additional evidence for communication with the overlying freshwater through mixing 
andlor chemical diffusion lies in the presence of brackish water at intermediate depths above the 
aquiclude . 

. The assumed unimportance of deep groundwater flow is key to placement of the basal 
boundary of the GWOU. It implies that the probability of contaminants reaching the aquiclude 
is small and, if they were to reach the aquiciude, the likelihood that they would be transported 
out of the GWOU is even smaller. However. little is known about the hydrologic properties of 
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the rocks at the depths of the aquiclude and a number' of observations begin to raise questions 
about assumptions regarding these properties. For example, variable depth, variable composition, 
and variable temperature of the deep brine all hint at non-uniform physical and chemical 
conditions in the aquiclude that could arise from greater than expected communication with 
overlying, shallower groundwater. This, in turn, could mean greater than expected flow into and 
within the aquiclude. 

2.4.5.2 Data gaps and needs 

There are two main questions regarding the basal boundary of the GWOU: (1) Is there 
significant deep groundwater flow so that contaminants are being transported to the brine? and 
(2) Is there sufficient flow within the brine to transport the contaminants outside the bounds of 
the GWOU? The very presence of brine at depth and questions of its origin imply that if this 
water is moving, the flow rate is very slow, and flow paths may take hundreds of thousands of 
years to complete. In addition, at present, no identifiable outfall for a deep brine flowpath exists 
in the vicinity of the ORR or in east Tennessee. 

The current model for groundwater flow in the GWOU (Solomon et al. 1992) says that deep 
groundwater flow is unimportant because groundwater flow within the GWOU is controlled by 
fractures and because fracture density and apertures decrease with depth. groundwater flow in 
GWOU should be restricted to relatively shallow intervals. However, little empirical evidence 
exists to support this conclusion. The majority of drill hole observations are for relatively 
shallow depths [e.g., < 100 m (328 ft)]; none of the deeper observations are from the Knox 
aquifer, the rocks in which deep flow is most likely to occur because of solution activity. For 
instance, the aquiclude within aquitard rocks lies at depths of 180 to 240 m (590 to 787 ft), but 
the aquiclude has not been observed in the Knox and is believed to reside at depths > 350 m 
(1148 ft). If this is the case, is it a higher head being transmitted through the more impermeable 
depths of the Knox that holds the aquiclude boundary twice as deep as in the aquitards, or is there 
substantial freshwater flow down to depths of 350 m (1148 ft) that keeps the aquitard that deep? 
If there is substantially deep groundwater flow in the Knox, it is important to know if the flow 
is sustained within the aquiclude because this might be a mechanism for large-scale migration of 
contaminants out of GWOU. 

Nativ and Hunley (1993) cited a number of observations as evidence for greater-than
expected communication between the brine and the overlying freshwater. Among'these 
observations were fluctuations in head measurements in deep holes, variable depth to the brine, 
variable composition of the brine, and variable temperature of the brine. They suggested locally 
high concentrations of fractures in deep rock as a mechanism for this larger-than-expected 
interaction. Nativ and Hunley (1993) also suggested that communication between brine and 
freshwater is facilitated by enhanced permeability among karst-affected rocks. 

2.4.6 Flow Systems and Exit Pathways 

2.4.6.1 Description 

A key component of the GWOU groundwater model is shallow groundwater flow. Fully 
90% of all subsurface water is thought to ~flow through the stormflow zone to be quickly 
discharged into the White Oak Creek drainage system. The stormflow zone resides mainly in the 
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regolith of the GWOU and is therefore relatively shallow. Beneath the regolith is bedrock that 
. is dominated by carbonates and shales, rocks with little porosity and low permeability. The 

permanent gr~:)Undwater zone exists within fractures in the bedrock. but because fracture apertures 
and density are thought to· decrease with depth. the groundwater zone is relatively shallow and 
meets the surface in stream beds where the regolith has been eroded and washed away exposing 
the underlying bedrock. As a result of shallow flow. 99% or more of all subsurface water in the 
GWOU is modeled as being discharged into the White Oak Creek drainage system where it 
ultimately exits the GWOU over White Oak Dam. 

Understanding groundwater flow systems and exit pathways is key to modeling contaminant 
fluxes and pathways. The current model for groundwater flow in the GWOU implies that 
subsurface contamination will follow shallow pathways and ultimately be discharged from the 
subsurface into the White Oak Creek drainage system. Discharge from the subsurface flow 
system into the surface water system of the GWOU occurs through seeps and springs. Within 
Bethel and Melton Valley, these are the discharge points for contaminants carried in the 
subsurface flow system, therefore flow measurements and contaminant concentrations at these 
points are crucial to characterizing contaminant fluxes. However, many perennial seeps and 
springs that contribute surface water to the GWOU occur on ridges both inside and outside the 
GWOU bOWldaries. For example, seeps and springs along Chestnut Ridge and Copper Ridge 
arise from groundwater flow in solution cavities in the Knox aquifer; others occur along Haw 
Ridge and arise from the dolostone aquifer in the Rome formation. These springs and seeps are 
not contaminant discharge points because they are recharged on ridges, and contaminant sources 
reside solely in the Valleys. However, because they are important contributors to the surface 
water of the GWOU, characterizing their flow is vital to quantifying contaminant fluxes within 
the GWOU and to understanding the dynamical behavior of water as it changes back and forth 
between surface and groundwater. 

2.4.6.2 Data gaps and needs 

A number of important data gaps and needs can be identified in the current understanding 
of GWOU flow systems and exit pathways. Many of these arise from observations that challenge 
the current understanding. For example, strata-bound flow in WAGs 1 and 3 and constant water 
levels in well 0883 demonstrate, at least, the local importance of cavities to the subsurface flow· 
system and to deep flow in the GWOU, and also, the possible existence of subsurface exit 
pathways directly out of the GWOU. The extent and depth of karstification and solution activity 
in carbonate units have not been quantified. Deep karst features have the potential to create a 
deep subsurface flow system that could bypass the surface exit pathways that are presently part 
of the groundwater model. The same holds true for deep fracture flow systems. The importance 
of shallow groundwater flow in the GWOU is based upon modelled diminishing fracture apertures 
and density with depth, phenomena for which little empirical evidence exists. Deep flow could 
create exit pathways that lead directly to the Clinch River or even underflow the Clinch River. 

The data gaps and needs just described are related mainly to observations that indicate deep 
groundwater flow in the GWOU; deep flow challenges the shallow-flow model for the ORR. 
However, the concept of shallow groundwater flow is new, and data are needed for its accurate 
characterization. The concept arises from the fact that groundwater in the GWOU flows through 
fractures in relatively impermeable rock and that fracture flow is dominated by a few large 
fractures and fracture networks. An important contaminant retardation mechanism that results 
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from fracture flow is Matrix Diffusion in which contaminants come to reside in groundwater
saturated fractures that are not part of the preferred fracture flowpath. Therefore, detailed 
characterization of the shallow. fracture-dominated flow concept will result in a better 
understanding of contaminant transport in the GWOU. 

Important information for understanding GWOU flow systems and exit pathways is surface 
water volumes entering and exiting the GWOU. including water imported into the GWOU. An 
implication from this type of information is that any water entering the GWOU that does not exit 
by surface pathways must contribute to recharge of the deep groundwater system. A program 
for identifying and monitoring seeps and springs has been ongoing within the GWOU. These 
data need to be assessed for value to the GWOU Work Plan and, where the data are deficient, 
new measurements must be made. The water gap in Haw Ridge and the topographic divide at 
the west end of Bethel Valley are specific locations in the GWOU for which surface water 
balances are important. As described previously. the water gap is potentially important as a 
location for the convergence of two structures that could provide a conduit for surface water into 
deeper levels of the groundwater system. Groundwater recharge in the valleys of the GWOU is 
contrary to the groundwater model, but observations such as zero natural flow in White Oak 
Creek in Melton Valley (Moore 1988) challenge this part of the model. A water balance at the 
topographic divide at the west end of Bethel Valley will be necessary to characterize the degree 
of underflow of the divide. In addition to the water balance approach. direct observation and 
monitoring of seeps and springs along or outside of the GWOU boundaries will help characterize 
flow systems and exit pathways. In particular, it is important to identify seeps and springs in the 
Raccoon Creek drainage basin to the west of Bethel Valley and in the Clinch River itself. 
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3. NATURE AND EXTENT OF GROUNDWATER CONTAMINATION 

3.1 INTRODUCTION 

This section presents a general overview of the nature and extent of groundwater 
contamination documented at the 13 WAGs that are located within the boundaries of the GWOU. 
Those WAGs that have been identified at ORNL but are located outside the operable unit, and 
thus are not addressed herein, are WAGs 11, 13, 14, 15, 16, 18, and 20. The locations of these 
WAGs at ORNL are presented in Fig. 3.1. 

Information presented for the subject WAGs includes a general description of each WAG 
and its associated SWMUs, the types of wastes disposed of or stored at the SWMUs, monitoring 
wells and piezometers that are part of the groundwater monitoring system for each WAG and for 
which data were evaluated, and a summary of major sampling events and their results. 

Several references have been used as sources for site location, description, and background 
information for aU of the subject WAGs. References used for all WAGs except WAGs 1 and 6, 
included the Preliminary Geohydrologic Site Characterization and Proposed Water Quality Well 
Location reports (Energy Systems 1 987a, 1987b, 1 988a, and 1988b), the RCRA Facilities 
Assessment jot Oak Ridge National Laboratory (Energy Systems 1987c), and the Remedial Action 
Planjor ORNL Hydrofracture Operations (Myrick and Stow 1987). Description and background 
information for WAG 1 was derived from the Phase II Remedial Investigation Work Plan jor 
Groundwater at WAG 1 at ORNL (Energy Systems 1993a); information for WAG 6 was derived 
from the ORNL WAG 6 Site Characterization Summary (Energy Systems 1990) and the RCRA 
Facility Invesrigation Reponjor WAG 6 at ORNL (Energy Systems 1991a). Additional references 
regarding the nature and extent of groundwater contamination are cited as necessary throughout 
this chapter. Although all of these references represent only a small percentage of all 
documentation developed for the subject WAGs, the intent of this section is to provide a general 
overview of the types of wastes present at the WAGs and the nature and extent of groundwater 
contamination. 

3.2 WAG 1 

3.2.1 Site Location, Description, and Background 

WAG 1 is located in Bethel Valley within the main plant area of ORNL (Fig. 3.2). The site 
is bounded on the north by Bethel Valley Road, on the south by White Oak Creek, and on the 
west by First Creek. The eastern boundary follows Fifth Creek but extends east to include Solid 
Waste Storage Area (SWSA) 2 and Buildings 4501 and 4508. A total of 167 SWMUs have been 
identified within WAG I. Pursuant to a RCRA permit issued prior to the initiation of the 
WAG 1 Remedial Investigation, 27 SWMUs were classified as requiring no further investigation. 
Fourteen additional SWMUs were listed for decommissioning and demolition under the DOE 
surplus facilities program. The remaining 126 SWMUs include inactive underground storage 
tanks, waste burial grounds, surface impoundments, waste transfer lines and leak sites, active 
underground waste storage tanks, and mercury spill sites. Most of the SWMUs are related to I 
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current or past liquid and solid radioactive waste management operations conducted within' the 
main plant area of ORNL. ' 

The ORNL main plant site initially included a nuclear reactor, a chemical separations plant, 
a number of large underground tanks, and a variety of support facilities. The nuclear reactor 
,(Building 3001), referred to as the "Graphite Reactor" was air cooled and was the first nuclear 
reactor with production capacity. The Radiochemical Processing Pilot Plant (Building 3019), 
referred to as the "Hot Pilot Plant," was constructed to dissolve the irradiated fuel elements from 
the Graphite Reactor. The Isotopes Area, located in the east-central portion of WAG 1, was 
among the earliest radioisotope production area at ORNL. Facilities in this area prepared 
radioisotopes from the late 1940s and early 1950s until production activities were ceased in the 
early 199Os. Limited documentation is available concerning the activities performed in this area 
and the wastes generated in the associated facilities, and most of the information which does exist 
is anecdotal. 

From the beginning, the management of radioactive waste required classification of the waste 
into categories. Despite changes over time in the names used for a category of waste and the 
divisions between categories, the early categories are generally recognizable and can be related 
to current categories. Initially, liquid wastes were divided into three main categories: metal 
wastes, radiochemical wastes, and process wastes. Metal wastes contained primarily uranium 
with small quantities of plutonium or thorium. Radiochemical wastes contained primarily fission 
product radionuclides that have half-lives significantly shorter than the metal wastes. 
Radionuclides associated with this category of waste include mCs, !IOSr, 1311, 141Ce, 143Ce, lO3Ru, 
14OJla, and 140La. Process waste was theoretically nonradioactive or had very low activity. A 
fourth category of waste referred to as "warm waste" was in use during early operations. Warm 
waste was moderately radioactive and represented a transition between process waste and 
radiochemical waste. 

An extensive system of underground utilities has been constructed and modified over the 
history of the main plant area. This system includes low-level liquid waste (LLL W) and process 
waste transfer lines whose purpose was to transport wastes from their generation points to 
treatment, storage, and disposal facilities within the main plant area and in Melton Valley. 
Numerous underground tanks have also been installed during the operational history of the 
facility. ,(he purpose of these tanks was to store wastes generated during site activities. The 
system includes six 643,450-L (l70,000-gal) Gunite tanks in the South Tank Farm, Gunite and 
stainless steel tanks in the North Tank Farm, and other waste collection and storage tanks located 
adjacent to waste-generating facilities within WAG 1. 

The Gunite tanks were originally constructed to store all of the radioactive liquid 
(radiochemical and metal) wastes generated by ORNL site operations. However, because of 
expanding requirements for managing radioactive liquid wastes, the capacity of these tanks was 
inadequate' for permanent storage, and it became necessary to implement various waste 
management approaches. The first approach was to separate the different waste streams and to 
concentrate the radioactive components in the liquids by precipitation. The large Gunite tanks 
in the South Tank Farm were used for the precipitation process, while the smaller Gunite tanks 
in the North Tank Farm were used for either storage of metal waste or collection of waste for 
characterization prior to transfer. The precipitation step formed a sludge at the bottom of the 
tanks, and the supernatant was discharged to a 5,677 ,500-L (l,5oo,OOO-gal) settling basin where 
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the supernatant was diluted with large volumes of process waste before being discharged into 
White Oak Creek. In 1945, the precipitation of radiochemical waste was discontinued. 

Starting in 1949, the radiochemical waste stream was treated by concentration using a 
pot-type evaporator. This operation was conducted in the Waste Evaporator Facility 
(Building 3506), which was constructed on the western side of the South Tank Farm. This 
facility operated from 1949 until 1954. In 1950, further expansion of ORNL required additional 
modifications to the waste management system in order to handle increased waste volumes and 
levels of radioactivity. Underground stainless steel tanks were installed near each building or 
area that was a source of radiochemical or metal waste. Four additional tanks were also installed 
within the North Tank Farm. 

In 1952, some radiochemical waste was discharged directly into the ground using a series 
of pits and trenches located within Melton Valley. The use of the Waste Evaporator Facility was 
discontinued in 1954 in favor of the pits and trenches disposal practice. Gunite tanlcs in the South 
Tank Farm were used to hold radiochemical waste prior to pumping of these wastes to the pits 
and trenches for disposal. Disposal of waste within pits and trenches was continued until 1966, 
when routine disposal of the waste was initiated using a hydrofracture technique. The technique 
involved the mixing of the waste with cement grout, which was then injected into subsurface 
shale at a depth of - 305 m (1000 ft). 

Continuous improvements and modifications to the ORNL waste management system 
eventually eliminated the need for most of the older tanks. Tanks in the North Tank Farm were 
removed from service in the late 1950s or .early 1960s. The liquid waste in these tanks was ' 
removed, and any sludge, as well as a small volume of residual liquid, remained in the tanks. 
The large Gunite tanks in the South Tank Farm were removed from service in the late 1970s~ 
Accumulated sludge precipitated from solution, as well as residual solutions, remained in these 
tanks until they were cleaned in 1982 and 1983. However, some residual liquid and sludge 
remain within these tanks. 

3.2.2 Characterization of Groundwater Contamination 

3.2.2.1 Overview of contamination 

Three principal source documents were used to develop an understanding of groundwater 
contamination within WAG 1. These documents were the Site Characterization Summary Report 
for WAG 1 at ORNL (Energy Systems 1992a), the Phase II Remedial Investigation Work Planfor 
Groundwater at WAG 1 at ORNL (Energy Systems 1993a), and the repon concerning Migration 
of a Groundwater Comaminam Plume by Stratabound Flow in WAG 1 at ORNL (Ketelle and 
Lee 1992). The Site Characterization Summary Report for WAG 1 at ORNL detailed 
interpretations regarding the nature and exten~ of groundwater contamination at WAG 1 that were 
based on samples collected from 109 wells and piezometers during the Phase I RIIFS studies. 
Four separate sampling events were condu!!ted, though not all wells and piezometers were 
sampled during each event. 

The first event involved sampling 77 wells and piezometers during low base groundwater 
flow conditions in September and October of 1990. The second included 18 wells and 
piezometers sampled during a prolonged stc;>rm and high base groundwater flow conditions in 
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February of 1991. The third event involved 82 wells and piezometers sampled during normal 
(nonstorm) high base groundwater flow conditions in March and April of 1991. The fourth 
sampling event was conducted in response to the addition of 33 SWMUs in 1991 to the scope of 
the Phase I investigation, and the discovery of radioactive contaminants in well 4005 (CH008). 
This event entailed sampling 14 piezometers in the vicinity of the newly added SWMUs and 
CH008 during the period July through October/of 1991. In addition to the four noted sampling 
events, samples were also collected from 25 wells installed as part of a groundwater quality 
monitoring well installation program at ORNL. These wells were sampled during both low base 
and high base (nonstorm) groundwater flow conditions. 

Several general areas of contamination were identified based on the results of the 
groundwater sampling conducted at WAG 1. Both radiological and chemical contaminants were 
identified in groundwater at this site (Figs. 3.3 and 3.4). The primary radionuclides found in 
groundwater were strontium and tritium. Radionuc1ides found less frequently included 226Ra, 
22SRa, Wfc, 234U, 2:l8U, 22STh, 230'fh, 232Th, 238pu, 239f>u, 240J>u, Z41Am, tiOCo, 63Ni, 55Fe, and mCs. 
There is evidence that \lOSr is migrating from WAG 1 and seeping into First Creek. There is also 
limited evidence that some of this plume may be underflowing First Creek and migrating 
westward. Other locations where groundwater contamination may be affecting surface water 
quality are near the surface impoundments and near SWSA 1. 

The most widespread organic compounds found in groundwater at WAG 1 are 
trichloroethene and its degradation products 1,2-dichloroethene and vinyl chloride. Benzene, 
toluene, xylene, and ethy1benzene were found associated with an underground petroleum storage 
tank previously located near the steam plant facility (Building 2519). Silver, cadmium, 
chromium, lead, and mercury (one sample) were detected at concentrations exceeding the MCLs 
in samples from wells within and outside WAG 1. Cadmium, chromium, and lead were 
generally found to occur in the same wells. The most widespread metal detected at elevated 
concentrations was cadmium, which exceeded the MCL at the largest number of locations 
throughout WAG 1 (Fig. 3.5). 

3.2.2.2 Specific .area contamination 

Building 300113019 Area. Indicator radiological data from groundwater and soil samples 
collected from the BuUding 300113019 area (Fig. 3.6) indicate that three areas of contamination 
exist: (1) site of a past pipeline leak southwest of Building 3019, (2) site of a past pipeline leak 
north of Building 3019, and (3) the 3019 Hot Bank. The pipeline network at 3001/3019 is 
believed to have a large impact on the transport of contaminated groundwater. A large, complex 
array of buried pipelines extends from the area to much of WAG 1, including areas south of 
300113019 (e.g., the corehole CH008 area, North Tank Farm, and the Isotopes Area), First 
Creek, and Fifth Creek. As a result, the pipeline system may conceivably transport contaminants 
from the 3001/3019 area to virtually any other part of WAG 1. 

North Tank Farm. Groundwater data are available only from the periphery of the tank 
farm and are probably not representative of groundwater data within the site or the excavations 
immediately around the tanks. Despite the absence of groundwater data from the North Tank 
Farm, its history of operation and proximity .along geologic strike to corehole CH008 has made 
it a candidate source area for the CH008 plume. Alternatively, leaks from low-level waste 
(LLW) or process waste pipelines from the Building 3019 area could be sources. Based on 
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assumptions concerning groundwater elevation in the vicinity of the North Tank Farm, it is not 
considered to be a likely source area for the CHOOS plume. However, this assumption is not 
confirmed, and essentially no data are available to describe the potential migration of North Tank 
Farm contaminants either through pipeline trenches or the groundwater flow system to the west 
or south. ' 

South Tank Farm. Data collected at the South Tank Farm indicate that significant amounts 
of contamination exist in shallow soil at the site. However, information about the nature of the 
tank/groundwater interactions is not known. Groundwater contamination at the South Tank Farm 
may have resulted from historical leaks in pipelines, or from contaniinants migrating along 
pipeline trenches. The tank farm is contained within a pit that was excavated into bedrock, and 
the major factor affecting groundwater is probably the tank sump system. Depending on the 
effectiveness of the dry well and sump system, some contaminated groundwater may be able to 
migrate out of the tank farm through pipeline trenches or within the groundwater flow system. 
Data regarding hydrogeological conditions within the tank farm are needed to evaluate these 
scenarios and to evaluate the effectiveness of the dry well system. 

Isotopes Area. During the production of radioisotopes over the years, numerous spills and 
pipeline leaks of radioactive and nonradioactive contaminants have occurred in the Isotopes Area. 
Contamination that is, at least partly, discharging into the process waste pipeline network in the 
area is known to occur beneath Building 3047. Elevated levels of gross alpha, gross beta, and 
tritium have been detected in groundwater samples from Isotopes Area wells and sumps. Levels 
of these contaminants, 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. 

Possible sources of the radiological contamination of groundwater within the BUilding. 3033 
sump, and in the area process system, could be located uphill in the 3019 or 3042 areas. 
Contaminants could be transported down-dip with groundwater in Unit 0, discharge upward to 
Unit E, and move along strike to the east in a mirror image of the corehole CHOOS 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, and/or underflow Fifth Creek. 

Corehole CHOO8. As part of the Phase I studies in WAG 1, rock core drilling was 
conducted to accurately describe subsurface geologic conditions and to permit the performance 
of subsurface hydrologic tests. In June 1991, rock core drilling of corehole CHOO8 (Fig. 3.7) 
revealed radiologically contaminated conditions in the uppermost portions of the bedrock. The 
corehole was drilled to a depth of 16.3 m (53.5 ft) below ground level and was outfitted with a 
Westbay multilevel groundwater sampling device. Sampling results indicated that the highest 
levels of gross beta/gamma contamination occurred from 6.1 to 9.2 m (20 to 30 ft) below the 
bedrock/water table interface. 

The discovery of groundwater contamination at CHOO8 prompted a detailed investigation to 
identify the contaminant plume. Using a working hypothesis of stratabound groundwater flow 
and contaminant transport, investigators analyzed existing subsurface geologic data to predict the 
contaminant plume discharge location in First Creek and the locations . of contaminated 
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groundwater seepage into storm drains. This hypothesis stated that differentiallithologic/fracture 
conditions lead to the development of preferred flow and transport pathways, of discrete vertical 
extent, which may not be coincident with the local hydraulic gradient. Results of the analysis 
indicated that application of the hypothesis accurately predicted the CH008 plume discharge in 
First Creek, which migrated to the discharge point parallel to geologic strike and -65 0 oblique 
to the local hydraulic gradient (Fig. 3.8). 

Oak Ridge Research Reactor (Building 3042) Area. Groundwater samples collected from 
the Oak Ridge Research Reactor (Building 3042) area wells detected activities of gross alpha, 
gross beta, and tritium above reference levels. Higher levels of radiological contamination than 
were found in the Building 3042 area wells were observed in a water sample collected from the 
Building 3042 sump. Results of a dye test indicated that groundwater was flowing eastward, 
along geologic strike, to the Building 3042 sump from the area of a LLLW line break that 
occurred between Buildings 3019 and 3074. A cavity in the limestone bedrock was observed in 
the excavation dug for the line break. Fluorescein dye that was injected into this cavity was 
observed in the inner (upper) Building 3042 sump within 48 h. The hydraulic gradient calculated 
from the dye test is produced by pumping water, which maintains a groundwater depression in 
the vicinity of the sump. Therefore, radiological contamination detected in samples from the 
Building 3042 sump may be moving from the Buildings 300 1130 19 area along cavities and 
solution features in Unit D. Contaminants may also be collected in the sump from leaks in 
nearby underground lines. 

Surface Impoundments (3524, 3513, 3539, and 3540). Activities of gross alpha, gross 
beta, and tritium were detected above reference levels in groundwater samples collected from the 
Surface Impoundments area wells. In general, significant radiological contamination was found 
downgradient (south) of the unlined waste detention basin 3513 and equalization basin 3524, but 
was not found in the 3539/3540 area. The highest levels of contamination occurred in samples 
collected during high base storm conditions. , This contamination consisted primarily of high 
levels of tritium, moderately high levels of gross beta (predominantly roSr and 228Ra) , and 
moderately low levels of gross alpha. 

Seepage of contaminated water from the detention basin and equalization basin 
impoundments is apparently a major source of tritium, roSr, and 228Ra contamination of 
groundwater within WAG 1. Video inspection of a 61-cm (24-in.) storm sewer west of the 
equalization basin revealed numerous inleaking joints, particularly in that portion of the sewer 
on the northwest side of this basin. Because most of the leaks were from the equalization basin 
side (east) of the pipeline, and a head potential exists from the equalization basin to the pipeline, 
it is reasonable to assume that the pipeline inleakage is derived at least partly from seepage from 
the equalization basin. Contaminants should move southward (downgradient in the overburden 
and down-dip in bedrock) and eventually discharge to White Oak Creek. Contaminants may also 
be migrating in pipeline trench backfIll materials. Given the relatively short half-life and slow 
transport velocity in groundwater of-228Ra, tritium andwSr are the primary contaminants that 
could reach White Oak Creek and be transported off-WAG. 

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 Bq/L. The 
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higher tritium activities in bedrock wells suggest the possibility of flow paths below the water 
table surface. In addition, several radionuclides fWPu, 240pu, and 228Ra) detected in a piezometer 
may suggest westward migration of contaminants from SWSA 1. 

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 finding suggests that contamination may be migrating southwestward 
from SWSA 2. Slightly higher gross alpha and beta detected in a downgradient piezometer also 
suggests minor migration of these contaminants. This is corroborated by the presence of 
radiological contamination in Fifth Creek outfall 165, which 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. Data from an adjacent 
pair of bedrock wells drilled to depths of 6.1 and 24.4 m (20 and SO ft) indicate that 
contamination decreases with depth .. 

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 monitored monthly were analyzed. Correlation 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 elevation of the water table. 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 tend to distribute contamination. 

With the exception of the limited data pertaining to contaminant migration in pipeline 
trenches within WAG 1. further resolution of migration pathways within WAG 1 is considered 
to be exceedingly difficult. Pipeline routes and system interconnections are only generally 
known, and the map atlas for the system is more than 10 years old. Rather than attempting to 
unravel WAG interior pathways, sampling of trench backfill near pipeline discharge locations at 
surface water bodies is the preferred approach for delineation. Identified excursions can then be 

" \ 

traced back on a case-by-case basis using atlas information and/or camera examination to locate 
individual sources. 

Unit F. Because strike-parallel flow and contaminant transport in Unit F has been described 
from SWSA 3 (WAG 3). consideration is given to similar type flow in WAG 1. Three areas of 
contamination in or immediately outside of WAG 1 could be related to strike-parallel flow within 
Unit F. 

The first of these areas is located in the vicinity of Piezometer 0536 and Well OSlO, which 
are located immediately west of First Creek near the intersection of First Street and Central 
Avenue. Data indicate the absence of either a hydraulic or concentration gradient from 
piezometers or wells in WAG 1 toward Piezometer 0536 or Well OSlO. 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 OSlO. These data essentially preclude WAG 1 as a source of the "detected 
contamination. Rather, hydraulic and concentration gradients do exist from Piezometer 0533 
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toward Piezometer 0536 and Well 0810, indicating an eastward migrating plume. Because 
strike-parallel flow has been documented within Unit F at SWSA 3, the most logical explanation 
for the source of contamination near WAG 1 is migration from SWSA 3. 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 second area is located in the vicinity of the Building 2533 sump. Indicator radiological 
data for piezometers and sumps appear to describe another contaminant plume associated with 
Unit F. 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 contamination; nearly 75% of the gross beta activity in 
the Building 2533 sump occurs as mCs.· The plume appears to terminate in Unit F, and a 
piezometer located south of Unit F in the apparent plume migration direction does not exhibit 
radiological contamination. Radiological contamination slightly above background levels in a 
piezometer located 198 m (650 ft) west in Unit F may represent strike-parallel migration since 
no other apparent source for that contamination (especially mcs) is in the area. However, 
current data are insufficient to substantiate the occurrence of such migration. 

The third area is located in the vicinity of corehole CH009. Sampling conducted in two 
straddle packer test intervals in this corehole [96 to 100m and 38 to 42 m (314 to 327 ft and" 
126 to 138 ft») revealed the presence of l::I1CS and tritium. One explanation for the contamination: 
detected in CHOO9 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. The lower CH009 
contaminated interval is within Unit F, C\Dd the upper contaminated interval is within Unit G.;' 
Flow meter testing in the corehole determined that water entered the hole in the vicinity of 103 m . 
(338 ft) and exited the hole at 41 m (135 ft). Geochemical sampling of the contaminated intervals 
indicated that the waters are of the sodium chloride type which has been interpreted to represent 
deep and older water. Mixing between the time the hole was drilled and straddle packer testing 
may render results questionable for the upper interval. These data suggest that the upper interval 
contaminants are derived from the lower interval. However, the presence of Significantly higher 
tritium concentrations in the upper interval is inconsistent with interpretation of upward migration 
of tritium within the corehole. 

Localized Areas of Contamination. Severalloca1ized areas of groundwater contamination 
have been identified within WAG I. Contamination detected at Well 0830 and Piezometers 0584, 
0590, 0593, and 0601 is believed to be associated with various pipeline, sump, or tank leaks in 
the vicinity of these installations. Possible sources of contamination detected in Piezometer 0553 
include fallout from atmospheric emissions from coal combustion at the site steam plant and a 
release from the nearby diesel underground storage tank. 

Well 4004 (CH 7A) is located in the northwestern part of WAG I, north of Building 2009. 
It was drilled to a total depth of 56.3 m (184.6 ft) and penetrated Chickamauga Unit 0 at 8.5 m 
(28 ft) and Chickamauga Unit C at 45.0 m (147.6 ft). Geophysical, temperature, and 
hydrological testing, as well as groundwater sampling, were performed within the Unit 0 interval 
of the borehole. The results of this testing indicated the presence of a cavity, active groundwater 
flow, detection of low levels of contamination, and a low head, which imply that this interval 
may include a significant groundwater discharge zone in Unit D. 
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An area comprising the northern 2000 part of ORNL is located northwest of the WAG 1 
boundary. Elevated gross alpha, gross beta, and tritium activities were detected in low base and 
high base groundwater samples collected from wells in this area. Radionuclides detected above 
reference levels were 22I7h, 230"fh, mn, 234U, 238U, 226Ra, ~, and total strontium. In general, 
activities of these radionuclides were higher in the high base flow samples than in low base flow 
samples. 

3.3 WAG 2 

3.3.1 Site Location, Description, and Background 

WAG 2 is located in Melton Valley and.consists of two SWMUs: (1) White Oak Lake and 
the embayment below White Oak Dam above the Clinch River, and (2) White Oak Creek and its 
tributaries and their respective floodplains. These surface water bodies constitute the major 
drainage system for ORNL and its outlying support facilities. To better manage data, produce 
usable graphics, and present concise descriptive information, WAG 2 has been divided into upper 
and lower sections (Fig. 3.9). 

3.3.1.1 Upper section of WAG 2 

The upper section of WAG 2 is composed of portions of White Oak Creek, Melton Branch, 
two Melton Branch tributaries, and the floodplains surrounding these water bodies (Fig. 3.10). 
The White Oak Creek portion of the site begins at the confluence of White Oak Creek and 
Melton Branch and extends 1.00 km (0.62 miles) ,upstream to the 7500 bridge. The Melton 
Branch portion of the site also begins at the confluence of White Oak Creek and Melton Branch 
and extends upstream and to the east about 1.42 km (0.88 miles). The Western and Eastern 
tributaries of Melton Branch that are included in the upper section of WAG 2 are 0.61 and 
0.27 km (0.38 and 0.17 miles) in length, respectively. 

Upper WAG 2 shares common boundaries with adjacent WAGs 1, 4, 5, 7, and 8. The site 
receives drainage from these WAGs and from WAG 9. Each of these adjacent WAGs contains 
multiple SWMUs that have operating histories spanning as many as 40 years. During this 
extended period. surface runoff and groundwater transport of contaminants from the adjoining 
WAGs have occurred. Many of, these contaminants have accumulated within the floodplains and 
streambeds of upper WAG 2. In addition to serving as a collection point for the more mobile 
contaminants, upper WAG 2 contains two ORNL support facilities. one inactive and one active. 
The inactive facility is the remnant of a diked area and the bottom of a former impoundment. 
The impoundment was located on the White Oak Creek floodplain south of the 7500 bridge and 
served as an intermediate settling basin for ORNL plant discharges from 1943 to 1944. Late in 
1944, the dike failed and the impoundment was drained, but many of the contaminated sediments 
remain. The active ORNL support facility is a short section of Intermediate Level Liquid Waste 
(ILL W) line located about 91.5 m (300 ft) east of the confluence of White Oak Creek and Melton 
Branch. This section of ILL W line is constructed of double-wall pipe and is used to transfer 
ILL W to storage tanks at the hydrofracture facility. 
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Fig. 3.10. Location of selected monitoring wells and piezometers located within Upper WAG 1. 
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Overall, the contamination in upper WAG 2 is thought to be derived primarily from 
nop-point sources in adjoining WAGs. As a result, the distribution of contaminants in upper 
WAG 2 is believed to be diffuse, with locally elevated zones of contamination at the principal 
discharge points for surface water and groundwater from the adjoining WAGs. 

3.3.1.2 Lower section of WAG 2 

The lower section of WAG 2 is composed of White Oak Creek, White Oak Lake and one 
of its feeder streams, and the embayment below White Oak Dam and its floodplain (Fig. 3.11). 
The upper reach of the site begins at the confluence of White Oak Creek and Melton Branch and 
extends -1.4 km (0.9 miles) downstream to White Oak Dam. From there, the site continues 
- 1.0 km (0.6 miles) through the embayment below the dam to its outfall into the Clinch River. 

Lower WAG 2 shares common boundaries with adjacent WAGs 6 and 7 and a portion of 
WAG 5. The site receives drainage from these WAGs, as well as from upper WAG 2 and its 
tributaries. Each of these adjacent WAGs contains multiple SWMUs that have operating histories 
spanning as many as 40 years. During this extended period, surface runoff and groundwater 
transport of contaminants from the adjoining WAGs has occurred. Many of these contaminants 
have accumulated within the lakebed, streambed, and floodplain sediments of lower WAG 2 .. The 
one man-made feature with the most significant environmental impact in lower WAG 2 is the 
White Oak Dam. This feature is an earthfill and rock structure, which is crossed by Tennessee 
Highway 95 (Fig. 3.11). The dam is described as a low-head structure since at its normal·pond 
elevation 227 m (745 ft), White Oak Lake stands only 0.9 m (3 ft) above full pool in the Clinch 
River 226 m (742 ft). The lake covers an area of 10.1 ha (25 acres) extending due east from the 
dam and has a maximum depth of 1.5 to 1.8 m (5 to 6 ft). White Oak Lake and its a.,sodated 
creek drain an area of 15.5 km2 (6 mF), which includes the 1175-ha (2900-acre) ORNL site. 

3.3.2 Characterization of Groundwat~r Contamination (Upper WAG 2) 

3.3.2.1 Groundwater monitoring system 

The groundwater monitoring system in upper WAG 2 includes 33 monitoring wells installed 
in 1974, 25 piezometers installed between 1986 and 1987, and 7 additional monitoring wells 
installed in 1989. The 33 older monitoring wells were installed as part of the pre-RAP and were 
constructed with perforated steel casing running the entire length of the borehole. The 
piezometers were constructed of 5-cm or IO-cm (2-in. or 4-in.) inside diameter (ID) polyvinyl 
chloride (PVC) or stainless steel casing and screens. Sandpack was placed around the screens, 
and a bentonite seal was placed above the sandpack. The remaining annulus was grouted and 
each piezometer was completed with a cap and protective cover. 

The seven additional wells in upper WAG 2 were installed as part of a groundwater quality 
monitoring well installation program at ORNL. These wells were constructed of 5-cm (2-in.) ID 
stainless steel casing and screens. The remainder of the well construction was the same as 
described for the piezometers. Each well was completed with a steel protective casing, locking 
cap, steel guardposts, and a concrete pad. The 10catioJ.lS of the monitoring wells or piezometers 
within upper WAG 2 for which groundwater quality data were evaluated for this summary are 
presented in Fig. 3.10, and a summary of the total depths for these installations is presented in 
Table 3.1. 
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Table 3.1. Summary of Upper WAG 2 groundwater monitoring 
system wells and piezOmeters 

Well no. Total depth (ft) 

Piezometers 

0712 9.30 

0724 8.00 

0728 11.00 

0755 6.00 

0759 21.00 

0761 7.00 

0766 13.50 

0772 16.00 

0773 51.00 

0774 12.00 

0775 47.00 

Groundwater quality wells 

1150 16.30 

1151 20.30 

1152 15.00 

1153 18.00 

1154 15.70 

1155 23.00 

1156 21.40 
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3.3.2.2 Contamination nature and extent 

Two principal source documents were used to develop an understanding of groundwater 
contamination within upper WAG 2. These documents were the Preliminary Geohydrologic Site 
Characterization and Proposed Water Quality Well LOcations jor WAG 11 and Upper WAG 2 
(Energy Systems 1988a), and the Oak Ridge Reservation Environmental Repon jor 1991 (Energy 
Systems 1992b). The Preliminary Geohydrologic Site Characterization report summarized results 
for groundwater samples collected from 11 of the piezometers located in upper WAG 2, 6 along 
the White Oak Creek reach, and 5 along the Melton Branch reach (Fig 3.10). 

Samples from Piezometer 0724 indicated the presence of ~Sr, mCs, and tritIUm 
contamination, as well as elevated gross alpha and beta activity, and chromium concentrations 
slightly above MCLs. The detected contamination at this piezometer may have been derived from 
either the main plant area or WAG 4, which is a known source of ~Sr. Samples from' 
Piezometer 0712, located - 350 m (1150 ft) downstream of 0724, contained the same radiological 
contaminants as those found at Piezometer 0724. The most significant increase in contamination 
between the two piezometers was in the detected activity of tritium, which increased from 
100 ,Bq/L at 0724 to 6600 Bq/L at 0712. Samples from Piezometers 0772 and 0774, located 
-176 m (580 ft) downstream of 0712, contained tritium and gross beta contamination. 
Piezometer 0774 also contained ~Sr contamination, which was detected at levels less than those 
found upstream. Tritium activities detected in Piezometers 0772 and 0774 were 120 Bq/L and 
160 Bq/L, respectively. 

Samples from Piezometers 0761 and 0759 located in the eastern reach of Melton Branch 
indicated the presence of gross alpha and beta, tritium, ~Sr, and mCs contamination. At the 
intersection of the western tributary of Melton Branch, samples from Piezometer 0755 indicated 
Significant increase in tritium and ~Sr contamination. Tritium increased from 95 Bq/L upstream 
to 120,000 Bq/L at 0755, and ~Sr increased from 0.21 Bq/L upstream to 7.5 Bq/L at 0755. 
From Piezometer 0755 downstream, all detected contaminants decreased in activity with the 
exception of tritium. The trend of contamination along the Melton Branch reach of upper WAG 
2 suggests that the western tributary of Melton Branch may be a source of both tritium and ~Sr. 
Another source area of the tritjum contamination may be the trench disposal area and associated 
seeps in WAG 5. 

The Oak Ridge Reservation Environmental Repon for 1991 (Energy Systems 1992b) 
summarized results for groundwater samples collected during June of 1991 from the seven 
groundwater quality wells located throughout upper WAG 2. Well 1153 was found to have a 
total strontium activity of 0.35 Bq/L. Wells 1152 and 1156 were found to have tritium activities 
of 9999 Bq/L and 4699 Bq/L, respectively. Subsequent sampling of these wells in June 1992 and 
January 1993 indicated similar levels of tritium contamination in Wells 1152 and 1156. 
However, during these two sampling events, total strontium was not detected above the MCL in 
Well 1153. Total strontium (0.31 Bq/L) and cadmium (10 p.g/L) were detected in Well 1151 
during the June 1992 sampling. 

A Significant finding of the environmental report and subsequent sampling was the tritium 
contamination in Well 1152. This finding suggests that there may be an additional tritium source 
in or around WAG 8 contributing contamination to upper WAG 2. The observation that 
relatively minor concentrations of tritium were detected in Piezometers 0761 and 0759, and none 
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above MCL in Well 1155, suggests that this additional flux may be new to the upper WAG 2 
area; or that the tritium may be migrating in bedrock along strike-oriented solution channels not 
previously encountered until the drilling of Well 1152. 

3.3.3 Characterization of Groundwater Contamination (Lower WAG 2) 

3.3.3.1 Groundwater monitoring system 

The groundwater monitoring system in lower WAG 2.includes 31 monitoring wells installed 
between 1964 and 1977, 48 piezometers inStalled between 1986 and 1987, and 12 additional 
monitoring wells installed between 1989 and 1990. The 31 older monitoring wells were installed 
as part of the pre-RAP and were constructed as open boreholes or were stabilized with perforated 
steel casing running the entire length of the borehole. The piezometers were constructed of 5-cm 
or lO-cm (2-in. or 4-in.) ID PVC or stainless steel casing and screens. Sandpack was placed 
around the screens and a bentonite seal was placed above the sandpack. The remaining annulus 
was grouted and each piezometer was completed with a cap and protective cover. 

The 12 additional wells in lower WAG 2 were installed as part of a groundwater quality 
monitoring well installation program at ORNL. These wells were constructed of 5-cm or 10-cm 
(2-in. or 4-in.) ID stainless steel casing and screens. The remainder of the well construction was 
the same as described for the piezometers. Each well was completed with a steel protective 
casing, locking cap, steel guardposts, and a concrete pad. The locations of the monitoring wells 
or piezometers within lower WAG 2 for which groundwater quality data was evaluated for this 
summary are presented in Fig. 3.11, and a summary of the total depths for these installations is 
presented in Table 3.2. 

3.3.3.2 Contamination nature and extent 

Two principal source documents were used to develop an understanding of groundwater 
contamination within lower WAG 2. These documents were the Preliminary Geohydrologic Site 
Characterization and Proposed Water Quality Well Locations jor WAG 17 and Lower WAG 2 
(Energy Systems 1988b), and the Oak Ridge Reservation Environmental Reponjor 1991 (Energy 
Systems 1992b). The Preliminary Geohydrologic Site Characterization report summarized results 
for groundwater samples collected from 14 of the piezometers located in lower WAG 2 along 
White Oak Creek and White Oak Lake (Fig 3.11). 

Five of the piezometers located along the White Oak Creek reach of lower WAG 2 
(0728, 0730, 0780, 0731, and 0733) contained contamination above MCLs. Samples from 
Piezometer 0728 located near the eastern boundary of the WAG were found to contain tritium 
(150,000 BqfL) and chromium contamination. Activities and concentrations of both these 
contaminants were found to be significantly reduced in samples from Piezometer 0730. The only 
contaminant detected in the Piezometer 0780 samples was 9OSr . Samples from Piezometer 0731 
exhibited increased chromium concentrations, and those from Piezometer 0733 were found to 
contain significantly elevated activities of 90Sr (21 BqfL), tritium (1200 BqfL), and gross alpha. 

Three of the piezometers located along the White Oak Lake section of lower WAG 2 (0737, 
0738, and 0739) also contained contamination above MCLs. Samples from Piezometers 0737 
and 0738 located at the eastern end of the lake indicated a progressive decrease in 90Sr activities. 
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However, at Piezometer 0738 concentrations of tritium (4200 Bq/L) and chromium (690 p.g/L) 
were found to increase compared to upstream values. Piezometer 0739, located at the western 
end of the lake, was found to contain elevated gross alpha activity. 

The Oak Ridge Reservation Environmental Repon for 1991 (Energy Systems 1992b) 
summarized results for groundwater samples collected during June of 1991 from the 12 
groundwater quality wells located throughout lower WAG 2. Samples collected from Well 1185 
located at the eastern end of White Oak Lake were found to be contaminated by 
1,1,2,2-tetrachloroethene at a concentration of 1.0 p.g/L. Subsequent samples from this well 
collected during June/July 1992 and February 1993 were absent of this contaminant. Wells 1190 
and 1191, located near White Oak Dam, contained tritium contamination at activities of 
2100 Bq/L and 6500 Bq/L, respectively. Well 1191 was also found to be contaminated by total 
strontium, and Well 1192 (same, vicinity) contained nickel contamination at 183 p.g/L. 
Subsequent sampling during the periods noted above indicated the presence of several volatile 
organic contaminants at Well 1190 and chromium contamination (998 p.g/L) at Well 1192. No 
contamination above MCLs was detected at Wells 1193 and 1195, located at the western end of 
lower WAG 2. However, subsequent sampling of these wells indicated the presence of arsenic 
at levels ranging from 84 p.g/L to 280 p.g/L. Well 1244, located along a tributary entering White 
Oak Lake, was sampled for the first time in July 1992 and was found to be contaminated with 
tritium (1200 Bq/L). 

Based on the data evaluated for lower WAG 2, strontium activity appears to peak in the 
White Oak Creek section of the WAG and then decrease in the direction of White Oak Lake. 
Tritium activities decrease from the eastern boundary of the WAG to the area around Piezometer 
0733. However, the activities then appear to increase from the eastern end of White Oak Lake 
to White Oak Dam. This observation may be an effect of White Oak Lake rather than an 
indicator of upgradient contamination. However, results obtained from Well 1244 suggest that 
the tributary in which it is located may be contributing tritium to White Oak Lake from an 
upgradient source (probably' WAG 6). Metal and volatile organic contaminants were detected at 
various sites within lower WAG 2; however, no trend is readily apparent. 

3.4 WAG 3 

3.4.1 Site Location, Description, and Background 

WAG 3 is located in Bethel Valley -915 m (3000 ft) west of the main ORNL plant west 
gate and is composed of an estimated 8.9 ha (22 acres) (Fig. 3.12). This WAG contains 
3 SWMUs: (1) the Contractors' Landfill, which is presently in operation; (2) the Closed Scrap 
Metal Area; and (3) SWSA 3, which is not currently in use. 

3.4.1.1 Contractors' Landfill 

The Contractors' Landfill is located -40 m (130 ft) west of SWSA 3 and is composed of 
-2.8 ha (7 acres). The operating conditions of the landfill permit for this SWMU restrict the 
types of waste that may be disposed of here t~ concrete block, masonry, roofing, plastic. fly ash, 
pasteboard. plaster, paper and wood wastes, noncontaminated soil, electrical wiring, and piping. 
Prior to permitting. it is believed that similar materials were disposed of in the landfill; however. 
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there is no documentation to support this assumption. It is possible that contaminated soil from 
construction activities in the main plant area was disposed of at the site. A beta-gamma survey 
of the area identified two small areas of contamination where the principal contaminants were 
determined to be \X)Sr and mCs with lesser amounts of 6OCo. 

3.4.1.2 Closed Scrap Metal Area 

The Closed Scrap Metal Area consists of an estimated 1.6 ha (4 acres) of graded fiB 
maintained in grass. Its general location is adjacent to and southeast of SWSA 3; however, its 
exact boundaries are not known. This SWMU was operated as a contractors' landfill for an 
estimated 15 years. After reaching its capacity, the fill area was reportedly used for storage of 
scrap metal, the nature and origin of which are not documented. Ultimately, this area was closed 
and much of the scrap material is beHeved to have been buried on site. Because the nature of 
the wastes disposed of in this area were not well known, health physics surveys of the site were 
conducted. The surveys indicated activity levels above background in the section where the scrap 
metal area adjoins SWSA 3. Details on the level and exact location of activity are sketchy, 
though there is some information suggesting that the contaminated area(s) may have been related 
to a scrapped and buried storage tank and/or runoff from SWSA 3. 

The health physics survey also included soil; vegetation, and biological sampling. Of all the 
samples collected, only one soil sample taken near the SWSA 3 fenceline showed significant 
activity of mCs at a depth of 20 cm (8 in). The general conclusion of the health physics survey 
was that contamination levels in the buried scrap metal were low, if present at all. It was 
inferred that the contaminated areas in the Closed Scrap Metal Area adjacent to SWSA 3 are· 
probably related to sources within SWSA 3, with the possible exception of the buried storage 
tank/contaminated metal. 

3.4.1.3 SWSA 3 

SWSA 3 is composed of - 2.8 ha (7 acres), appearing in plan view as two offset rectangles 
with a triangular protrusion on the southeastern side. This SWMU is located northeast of the 
Closed Scrap Metal Area and is presently planted in grass and enClosed by a chain Hnk fence. 
SWSA 3 was used for the disposal of contaminated trash and laboratory equipment; however, it 
also received some waste transplanted from the closure of SWSA 2. The area was operational 
from 1946 to 1951; although several months prior to opening for routine burial, it is reported to 
have received "special hot materials" from off site. 

Initially, a trench was excavated at the site's northeastern end and lined with concrete. 
Alpha wastes in containers were placed in the lined trench and then entombed with additional 
concrete. The subsequent burial procedures for alpha wastes changed; additional materials of this 
type were placed in unlined trenches and then capped with concrete. Beta and gamma wastes 
were also disposed of in unlined trenches covered with soiL The exact location and orientation 
of the trenches is unknown; however. they were reportedly oriented parallel to one another with 
their long axis spanning the width of SWSA 3. The trenches were reportedly excavated to a 
depth of -4.6 m (15 ft) and were not free-draining. Water was reported to accumulate within 
the confines of the trenches; however, it is not clear whether this was surface water or an influx 
of groundwater. The site was subsequently closed and after closure was used for aboveground 
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storage of contaminated equipment. Between 1978 and 1979, all of the above-ground stored 
material was' removed from the site. 

3.4.2 Characterization of Groundwater Contamination 

3.4.2.1 Groundwater monitoring system 

The groundwater monitoring system in and around WAG 3 includes 19 monitoring wells 
installed in 1950 or 1964, 21 piezometers installed in 1986, and 26 additional monitoring wells 
installed between 1987 and 1990. The 19 older monitoring wells were installed as pan of the 
pre-RAP and were constructed as open boreholes or were stabilized with perforated steel caSing 
running the entire length of the borehole. The piezometers were constructed of 5--cm or lO--cm 
(2-in. or 4-in.) ID PVC casing and screens. Sandpack was placed around the screens, and a 
bentonite seal was placed above the sandpack. The remaining annulus was grouted. and each 
piezometer was completed with a cap and protective cover. 

The 26 additional wells at WAG 3 were installed as pan of a groundwater quality monitoring 
well installation program at ORNL. These wells were constructed of 5--cm or 10--cm (2-in. or 
4-in.) ID stainless steel casing and screens. The remainder of the well construction was the same 
'as described for the piezometers. Each well was compl~ted with a steel protective casing, locking 
cap, steel guardposts, and a concrete pad. The locations of the monitoring wells or piezometers 
within WAG 3 for which groundwater quality data were evaluated for this summary are presented 
in Fig. 3.13, and a summary of the total depths for these installations is presented in Tab Ie 3.3. 

3.4.2.2 Contamination nature and extent 

Two principal source documents were used to develop an understanding of groundwater 
contamination at WAG 3. These documents were the Preliminary Geohydroiogic Site 
Characterization and Proposed Water QuaLity WeLL Locationsfor WAGs 4, 5, and 3, and SWSA 1 
(Energy Systems 1987a) and the Oak Ridge Reservation Environmental Reponfor 1991 (Energy 
Systems 1992b). The Preliminary Geohydrologic Site Characterization report summarized results 
from two previous studies regarding' groundwater contamination at WAG 3. The first study 
reported results for groundwater samples collected from monitoring wells 0301, 0302, and 0303 
located in SWSA 3. Analyses indicated that all three wells contained \IOSr contamination, but the 
parameters mCs, 6OCo, 125Sb, and tritium were below detection limits. Only one occurrence of 
metals contamination was indicated (Well 0303-0.012 ppm cadmium) above MCLs. 

The second study reported results for water samples collected from two distinct areas of \IOSr 
contamination. The first area was associated with the northwest tributary of White Oak Creek 
where a 30.5-m (lOO-ft) reach located - 350 m (1150 ft) northeast of SWSA 3 was identified as' 
the principal source of contamination. The second area was associated with an unnamed tributary' 
of Raccoon Creek where a seep and a 10-m(33-ft) reach adjacent to the seep located -640 m 
(2100 ft) southwest of SWSA 3 were identified as the principal source of contamination. Activity 
levels of \IOSr averaged about 6.4 mCi per month at the White Oak Creek site and 0.5 mCi per 
month at the Raccoon Creek site. The study concluded that both streams appeared to be 
receiving contaminated groundwater in the form of base flow and that' the contamination may be 
related to leaching of waste from either SWSA 3 or the Contractors' Landfill with subsequent 
transport occurring in bedrock along strike-oriented solution channels. 
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Table 3.3. Summary of WAG 3 groundwater monitoring system wells 

Well no. Tmal depth (ft) 

Pre-RAP wells 

0301 14.00 

0302 6.00 

0303 6.00 

Groundwater quality wells 

0985 35.00 

0986 82.50 

0987 48.20 

0988 46.00 

0990 40.80 

0991 85.00 

0992 53.50 

0993 45.00 

0994 ' 80.50 

0995 48.50 

0996 62.50 

0997 33.50 

0998 20.70 

1248 72.50 
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The Oak Ridge Reservation Environmental Repon for 1991 (Energy Systems 1992b) 
summarized results for groundwater samples collected during August of 1991 from 15 of the 
groundwater quality wells at WAG 3. Well 1247 was dry during the sampling period and thus 
results for only 14 wells were reported. Four of the perimeter wells were found to have total 
strontium activities in excess of MCLs: Wells 0992 (5.3 Bq/L) , 0993 (5.5 Bq/L), and 0994 
(24 Bq/L) located along the northwest perimeter of the WAG, and Well 0997 (3.8 Bq/L pCi/L) 
located near the northeast comer of SWSA 3. Well 0994 also contained tritium at an activity of 
1199 Bq/L. Well 0985 was found to contain trichloroethene (18.0 p.g/L) and Well 0998 
tetrachloroethene (15 p.g/L) in excess of MCLs. Subsequent sampling of these wells in August 
and September of 1992 indicated the presence of similar concentrations of the noted contaminants, 
with the exceptions that no tetrachloroethene was detected in Well 0998, and a total strontium 
concentration of 0.8 Bq/L was detected in Well 1248. The irregular occurrences of strontium 
contamination [between - 10 and 24 m (33 and 80 ft) below ground level] within the various 
perimeter wells at WAG 3 suggest that multiple contamination sources may be present at the site; 
or that contamination is migrating along preferential flow pathways, which may include 
strike-oriented solution channels. 

3.5 WAG 4 

3.5.1 Site Location, Description, and Background 

WAG 4 is located in Melton Valley and consists of -10.9 ha (27 acres) (Fig. 3.14). This 
WAG is also located -824 m (2700 ft) southwest of the main ORNL plarlt area. WAG 4 
contains three SWMUs: (1) the abandoned ILLW Transfer Line, (2) the Experimental Pilot Pit 
Area, and (3) SWSA 4, which is the largest unit in the WAG and the primary ~nit of interest. 

3.5.1.1 ILLW Transfer Line 

The ILLW transfer lines were used to transport fission waste products from the main plant 
area to the disposal pits and trenches located in WAG 7. The lines were constructed of 5-cm 
(2-in.) cast iron pipe and were buried about 0.9 m (3 ft) below ground level. The lines were 
decommissioned over a 2-year period beginning in 1981. A section of abandoned ILL W transfer 
line is located along the northwestern boundary of WAG 4. Surface radiation surveys along the 
route of this line in WAG 4 did not locate any areas of contamination, suggesting that this 
SWMU should not be a significant source of groundwater contaminants. 

3.5.1.2 Experimental Pilot Pit Area 

The Experimental Pilot Pit Area contains two pits whose exact locations are not precisely 
known. The pits were to be used in studying a means of fixing radioactive wastes. However, 
only one experiment involving radiation was conducted before termination of the project. 
Contaminated materials were removed from the site, and the only remaining radioactivity at the 
site was reported to be in the form of rock core samples from a 1960s Clinch River study. 

3.5.1.3 SWSA 4 

SWSA 4 is an elongated, irregularly sh3ped tract that trends from northeast to southwest 
within WAG 4. It is bounded by White Oak Creek to the east, Lagoon Road to the northwest, 
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a reservation access road to the/west, and an unnamed tributary of White Oak Creek to the 
southwest. The site was used for waste disposal beginning in 1951 and received a variety of 
wastes from the main plant area including glassware, scrap metal, paper, dirt, filter media, oils, 
depleted uranium, animal carcasses, and contaminated equipment. During the period from 1955 
to 1959, SWSA 4 also received a variety of poorly characterized wastes from off-site sources 
within the nuclear research industry, which eventually contributed as much as 50% of the total 
volume of the waste disposed of at SWSA 4. These additional wastes can generally be 
characterized as low-level solid wastes; however, most of the operating records for SWSA 4 were 
destroyed, and it is assumed that some of the materials would have been classified as hazardous 
by present standards. 

Wastes at SWSA 4 were disposed of in both auger holes and trenches excavated in the soil 
and weathered shale underlying the site. The auger holes are located along the northern border 
of the site and were -4.3 m (14 ft) in depth and -0.9 m (3 ft) in diameter .. The holes were 
reportedly lined with concrete and then used for containment of higher activity or "special 
wastes." The trenches are located throughout the site and occur as parallel sets of - 2 to 20 

. trenches. The orientation of the trench sets varies across the site. Most waste was placed in 
trenches whose dimensions reportedly varied from 15.3 to 125 m (50 to 410 ft) in length, 2.4 to 
9.2 m (8 to 30 ft) in width, and 2.4 to 4.6 m (8 to 15 ft) in depth. Observations made during 
the operation of this site and during subsequent studies indicated that some of the trenches, 
particularly those in the lower eastern portion of the SWSA, intercepted the water table. 
Trenches containing alpha wastes were capped with 45.7 em (18 in.) of concrete; those containing 
beta-gamma wastes were backfilled with native soils. 

SWSA 4 stopped receiving general nuclear industry wastes in 1959 but continued to receive 
uncontaminated construction debris, which was used as a surface cap, until 1973. By virtue of 
the fill's higher permeability, i!S presence at the site probably set the stage for increased 
infiltration of surface water into the underlying wastes. SWSA 4 has been identified as the single 
largest non-point source contributor of '>1>Sr to the White Oak Creek watershed. The principal 
contributing factors causing this condition have been described as surface run-on and infiltration 
of vadose water into the disposal trenches. Waste constituents are subsequently transported by 
surface water in the form of seeps, and by groundwater in the form of base flow to White Oak 
Creek and its tributary. In an effort to reduce contaminant migration, two surface water 
diversion projects have been completed along the site's northern border and across the site 
proper. Grass cover is also maintained over the site to minimize erosion. 

3.5.2 Characterization of Groundwater Contamination 

3.5.2.1 Groundwater monitoring system 

The groundwater monitoring system at WAG 4 includes 66 monitoring wells installed 
between 1959 and 1974, 13 piezometers installed in 1986 or 1987, and 15 additional monitoring 
wells installed between 1987 and 1990. The 66 older monitoring wells were installed as part of 
the pre-RAP and were constructed with perforated corrugated metal casing running the entire 
length of the borehole; others are of unknown construction. The piezometers were constructed 
of 5-cm (2-in.) ID PVC casing and screens. Sandpack was placed around the screens', and a 
bentonite seal was placed above the sandpack. The remaining annulus was grouted, and each 
piezometer was completed with a cap and protective cover. 
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The 15 additional wells at WAG 4 were installed as part of a groundwater qUality monitoring 
well installation program at ORNL. These wells were constructed of 5-cm or 10-cm (2-in. or 
4-in.) ID stainless steel casing and screens. The remainder of the well construction was the'same 
as described for the piezometers. Each weJI was completed with a steel protective casing,locking 
cap, steel guardposts, and a concrete pad. The locations of the monitoring wells or piezometers 
within WAG 4 for which groundwater quality data were evaluated for this summary are presented 
in Fig. 3.15, and a summary of the total depths for these installations is presented in Table 3.4. 

3.5.2.2 Contamination nature and extent 

Two principal source documents were used to develop an understanding of groundwater 
contamination at WAG 4. These documents were the Preliminary Geohydrologic Site 
Characterization and Proposed Water Quality WeliLocationsfor WAGs 4,5, and 3, and SWSA 1 
(Energy Systems 1987a), and the Oak Ridge Reservation Environmental Reponfor 1991 (Energy 
Systems 1992b). The Preliminary Geohydrologic Site Characterization report summarized results 
for samples collected from seven of the pre-RAP wells in SWSA 4 (0180, 0181, 0182, 0186. 
0190, 0191, and 0195) and three undesignated seeps located in proximity to each other along the 
southern boundary of SWSA 4. All of the well and seep samples were found to be contaminated 
with 'lOSr ranging in activity from 0.89 to 1000 Bq/L in the wells and from 42 to 800 Bq/L in the 
seeps. The highest activity of 'lOSr was detected in Well 0191, which is located in proximity to 
the seeps. Wells 0186 and 0191 also were found to be contaminated with mCs at pre-purging 
activities of 0.31 and 0.21 Bq/l, respectively. 

The Oak Ridge Reservation Environmental Repon for 1991 (Energy Systems 1992b) 
summarized results for groundwater samples collected during March and April of 1991 from the 
15 groundwater quality wells at WAG 4. Six of these wells located along the southeast boundary 
of WAG 4 (0954, 0955, 0956, 0957, 0958, and 0960) were found to contain tritium 
contamination ranging from 2500 to 400,000 Bq/L. The four southeast boundary wells exhibiting 
the highest tritium activities also were found to be contaminated by nickel at concentrations 
ranging from 120 to 170 p.g/L. Three wells located along the north and southeast boundaries of 
the WAG (0951, 0953, and 0956) contained total strontium contamination ranging from 0.31 to 
20 Bq/L. Finally, four wells located along the west and southeast boundaries (0949, 0954, 0955, 
and 0958) were found to be contaminated by one or more of the following volatile organics at 
concentrations ranging from 7.0 to 200 p.g/L: 1,2-dichloroethane, 1, 1-dichloroethene, 
trichloroethane, and vinyl chloride. 

Subsequent sampling of the wells in November and December of 1991 and October and 
November of 1992 indicated the presence of similar activities and concentrations of the noted 
contaminants. However, total strontium was observed to be below the MCl in Wells 0951 and 
0953 during the later sampling events and was detected above MCLs in Wells 0955 and 0962. 
Also, nickel was observed to be below the MCL in Well 0957 during the later sampling events. 
Based on the data evaluated for WAG 4, contaminated groundwater containing mCs, 'lOSr, and 
tritium derived from the disposal trenches and/or auger holes appears to have migrated 
downgradient from the south and southeast boundaries of WAG 4. In addition, nickel 
contamination in groundwater also appears to be migrating beyond the southeast boundary of the 
WAG. Several source areas within WAG 4 also appear to be contributing minor amounts of 
volatile organic contaminants to groundwater. 
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Table 3.4. Summary of WAG 4 groundwater monitoring system wells 

I 
Well DO. Total depth (ft) 

Pre-RAP wells I 
0180 18.00 

0181 14.00 I 
0182 20.00 

0186 6.00 I 
0190 15.00 

0191 7.00 I 
0195 7.00 . 

. Groundwater quality wells I 
0948 83.00 

0949 33.40 I 0950 49.50 

0951 70.30 I 0952 30.50 

0953 70.50 

I 0954 62.50 

0955 22.50 

I 0956 22.50 

0957 82.50 

0958 27.50 I 
0959 72.50 

0960 32.50 I 
0961 80.30 

0962 38.00 I 
I 
I 
I 
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3.6 WAG 5 

3.6.1 Site Location, Description, and Background 

WAG 5 is located in Melton Valley and consists of -20.3 ha (50 acres), which are divided 
into two separate areas: a main tract and an outlying area (Fig. 3.16). The main tract of the 
WAG is bounded to the southwest by the floodplain of White Oak Creek and to the southeast by 
the floodplain of Melton Branch. The outlying area of the WAG lies - 153 m (500 ft) southeast 
of the confluence between White Oak Creek and Melton Branch. 

The main tract of WAG 5 contains seven SWMUs, which are divided into the following two 
groups: (1) the Old Hydrofracture Facility and (2) SWSA 5 Area. The Old Hydrofracture 
Facility category of SWMUs includes the Site Surface Facilities, Facility Pond, Waste Pit/Spill 
Site, and the Waste Storage Tanks. The SWSA 5 Area category of SWMUs includes the 
SWSA 5 Burial Ground, Transuranic Waste Storage Area, and the Process Waste Sludge Basin. 
The outlying area of WAG 5 contains three SWMUs associated with the New Hydrofracture 
Facility: (1) the Site Surface Facilities, (2) Radioactively Contaminated Waste Oil Storage Tank, 
and (3) the LLW Tank Storage System. 

3.6.1.1 Old Hydrofracture Site Surface Facilities 

The Old Hydrofracture Surface Facilities operational history and physical characteristics are 
of limited interest because they have minimal potential for interaction with groundwater. The 
operating histories of the three remaining SWMUs at this site suggest the possibility for 
interaction with groundwater and are therefore described below. 

3.6.1.2 Old Hydrofracture Facility Pond 

The Old Hydrofracture Facility Pond is located in the southwestern corner of the main tract 
of WAG 5. The pond is about 30.5 m (100 ft) in length, 6.1 m (20 ft) in width, and ranges from 
0.9 to 1.8 m (3 to 6 ft) in depth. It was excavated into the residuum of the Conasauga Group 
and was originally designed with an asphalt liner, although the presence of the liner has not been 
confirmed. This impoundment is inactive but once served as an emergency containment basin 
for spilled grout and operational washdown from the old hydrofracture facility. The pond is 
exposed to the elements and continues to receive rainfall and some surface runoff. Based upon 
estimated differences between mean annual precipitation and mean annual evaporation, it is 
estimated that -132,475 L/year (35,000 gal/year) infiltrate into the subsurface from the pond. 
Samples from the pond indicated that it is primarily contaminated with mCs and !IOSr , although 
it also contains 6OCO, 134CS, and alpha-emitting transuranic wastes. Toxicity testing of the pond's 
bottom sediment indicated that it was below characteristic waste standards.' 

3.6.1.3 Old Hydrofracture Facility Waste Pit/Spill Site 

Little information is available regarding the spill at the Old Hydrofracture Waste Pit. The 
spill reportedly was the result of a valve failure that occurred during the injection process in June 
of 1977. The waste pit, which was designed for this tyPe of situation, received - 8705 L 
(2300 gal) of waste slurry. Later, the waste was removed from the pit and reintroduced into the 
injection line for disposal. 
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3.6.1.4 Old Hydrofracture Facility Storage Tanks 

The Old Hydrofracture Storage Tanks were used as holding vessels prior to preparation of 
wastes for subsurface injection. There are five of these tanks, which have the following 
capacities: T-l and T-2 [58,668 L (15,500 gal) each], T-3 and T-4 [109,765 L (29,000 gal) 
each], and T-9 [43,906 L (11,600 gal)]. The tanks are constructed of carbon steel and were 
placed on concrete pads in open trenches with concrete dividing walls separating the tanks. There 
is now a 1.2-m (4-ft) soil cover over all of the tanks. The contents of these tanks are believed 
to include 131CS, CX>Sr, 6OCO, and transuranic type wastes. 

3.6.1.5 SWSA 5 Burial Ground 

The SWSA 5 Burial Ground began operation in 1958 and, like SWSA 4, was used for burial 
of various types of low-level radioactive wastes. In addition to low-level material disposal, the 
northern portion of SWSA 5 has been, and continues to be, used for retrievable storage of 
transuranic wastes. Low-level wastes were disposed of in trenches located in the southern portion 
of the site. Auger holes were also used for disposal of low-level waste in this portion of 
SWSA 5, but they also received higher activity wastes and fissile materials. The locations for 
many of the trenches and auger holes are known; however, due to a loss of records there· is an 
area where trench orientations are unknown. The undefined area was reportedly used for disposal 
of alpha-contaminated materials. There is also a "dump area" for which no records exist. 

Records for the remainder of the site indicate that the'trench dimensions were 3.7 m (12 ft) 
in width, 4.3 m (14 ft) in depth, and ranging from -12.2 to 152.5 m (40 to 500 ft) in length, 
The trenches occur as relatively parallel sets numbering from - 5 to 25 trenches and were 
excavated roughly perpendicular to geologic strike with their long axis parallel to topographic 
slope. Several contaminated seeps have been documented at the base of the fill area, and it has 
been suggested that the orientation of the trenches promotes downgradient seepage. Remedial 
measures were taken to reduce seepage from SWSA 5 in 1975. Two underground barriers were 
constructed to impede shallow subsurface water flow. Four trenches were also stripped of their 
overburden and covered with a PVC membrane. The overburden was then replaced, and 
vegetation was established in an effort to reduce infiltration of meteoric water. The site was 
terraced, and several concrete diversion ditches were constructed to control surface runoff and 
reduce erosion. 

3.6.1.6 Transuranic Waste Storage Area 

Transuranic wastes are currently stored in the northern portion of SWSA 5. Low-level 
wastes are placed in stainless steel drums and then held temporarily in Building 7823 until they 
are transported for storage in Buildings 7826 and 7834. Hot cell wastes are placed in concrete 
casks and then stored in Building 7855. High beta-gamma activity waste is placed in stainless 
steel containers and held in storage wells in Buildings 7827 and 7829. In the past, some hot cell 
wastes were sealed in concrete casks and buried in trenches in the northern part of SWSA 5 for 
potential retrieval. Additionally, certain transuranic wastes that were difficult to manage because 
of their bulk or physical character were buried in trenches on the hillside southwest of Building 
7824 and west of Buildings 7820 and 7804. Certain preventive measures were initiated in the 
transuranic waste trench area in an effort to reduce surface water infiltration in 14 of the 
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trenches. This work consisted of constructing a subsurface 'seal using a mixture of bentonite and 
shale. 

3.6.1.7 Process Waste Sludge Basin 

The Process Waste Sludge Basin consists of a basin -24 x 24 m (80 x 80 ft) with a . 
maximum depth of -2.4 m (8 ft). The basin was constructed with a compacted clay base and 
was lined with a PVC membrane. The basin is currently inactive; however, between 1976 and 
1980, it received sludge from the process waste treatment plant's water softening processes. The 
sludge constituents are primarily ferrous sulfate and ferrous hydroxide, but the basin also contains 
some fission products. 

3.6.1.8 New Hydrofracture Site Surface Facilities 

The New Hydrofracture Surface Facilities' operational history and physical characteristics 
are of limited interest because they have minimal potential for interaction with groundwater. The 
operating histories of the two remaining SWMUs at this site suggest the possibility for interaction 
with groundwater and, therefore, are described below. 

3.6.1.9 Radioactively Contaminated Waste Oil Storage Tank 

This storage tank was constructed of mild steel and installed below ground level near 
Building 7860 in 1981 or 1982. Documentation of the tank's exact location is not available; 
however, a verbal communication indicated that the tank was installed beneath the southeastern 
slopes of the New Hydrofracture Facility behind Building 7860. The tank contains radioactive 
contaminated oils and water, which are estimated to occupy about one half of the tank's 17,032-L 
(4500-gal) capacity. No indication that leakage has occurred from the tank exists at this time. 

3.6.1.10 LLW Tank Storage System 

The LLW Tank Storage System is an eight-component tank system used for storage of 
concentrate from the LLW evaporator. The tanks are located at Building 7830 and are designated 
as follows: W-24, W-25, W-26, W-27. W-28, W-29, W-30, and W-31. No groundwater 
monitoring has been proposed because these tanks are double-contained. 

3.6.2 Characterization of Groundwater Contamination 

3.6.2.1 Groundwater monitoring system 

The groundwater monitoring system at WAG 5 includes' 93 monitoring wells installed 
between 1958 and 1977, 7 piezometers installed in 1986 or 1987. and 22 additional monitoring 
wells installed in 1987. The 93 older monitoring wells were installed as part of the pre-RAP, 
and many were constructed with perforated corrugated metal casing running the entire length of 
the borehole. However. 29 of these wells installed between 1976 and 1977 were constructed of 
plastic casing with discrete screened intervals. The piezometers were constructed of 5-cm (2-in.) 
ID PVC casing and screens. ·Sandpack was placed around the screens, and a bentonite seal was 
placed above the sandpack. The remaining' annulus was grouted, and each piezometer was 
completed with a cap and protective cover. 
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The 22 additional wells at WAG 5 were installed as part of a groundwater quality monitoring 
well installation program at ORNL. These wells were constructed of 5-cm or lO-cm (2-in. or 
4-in.) ID stainless steel casing and screens. The remainder of the well construction was the same 
as described for the piezometers. Each well was completed with a steel protective casing, locking 
cap, steel guardposts, and a concrete pad. In addition to the monitoring system elements noted 
above, four monitoring wells constructed of fiberglass casing and screens are also located around 
the perimeter of the Old Hydrofracture Facility Pond. The locations of the monitoring wells or 
piezometers within WAG 5 for which groundwater quality data were evaluated for this summary 
are presented in Fig. 3.17, and a summary of the total depths for these installations is presented 
in Table 3.5. 

3.6.2.2 Contamination nature and extent 

Two principal source documents were used to develop an understanding of groundwater 
contamination at WAG 5. These documents were the Preliminary Geohydroiogic Site 
Characterization and Proposed Water Quality Well Locations jor WA Gs 4, 5, and 3, and SWSA 1 
(Energy Systems 1987a), and the Oak Ridge Reservation Environmental Reponjor 1991 (Energy 
Systems 1992b). The Preliminary Geohydrologic Site Characterization report summarized results 
from three previous studies regarding groundwater contamination at WAG 5. The first study 
reported results for groundwater samples collected from the four monitoring wells located around 
the perimeter of the Old Hydrofracture Facility Pond. Analyses indicated that all four wells 
contained exlSr, mCs, and tritium contamination and that the concentration of tritium in the single 
upgradient well (MW-l) was higher than in the three downgradient wells. This occurrence 
suggests that the source of tritium is upgradient of the pond and that the pond may act as a 
recharge zone, thereby diluting the concentration of tritium downgradient. 

The second study reported results from six monitoring wells (1767, 0159, 0161,0436,0454, 
and 0456) and one undesignated seep located around the southern boundaries of WAG 5. 
Analyses indicated that all six wells were contaminated with !IOSr ranging from 8.2 to 520 Bq/L 
and with mCs ranging from,O.13 to 5.8 Bq/L. The undesignated seep was found to be 
contaminated with !IOSr at an activity of 13 ,000 Bq/L. Two of the wells were also found to be. 
contaminated with the following metals: 1767 (cadmium and lead) and 0454 (barium, lead, and 
selenium). The third study reported results for groundwater samples collected along the southern 
perimeter of SWSA 5 from temporary boreholes. Results of this study indicated seven distinct 
areas of !IOSr contamination; however, the locations of these areas were not presented in the 
Preliminary Geohydrologic Site Characterization report. 

The Oak Ridge Reservation Environmental Repon jor 1991 (Energy Systems 1992b) 
summarized results for groundwater samples collected during June and July of 1991 from the 22 
groundwater quality wells at WAG 5. A majority of these wells located around the southeast, 
south, and southwest boundaries of the WAG were found to be contaminated with total strontium 
ranging from 0.34 to 19 Bq/L and tritium ranging from 770 to 9,500,000 Bq/L. Four of the 
wells located along the perimeter of WAG 5 (0969, 0973, 0975, 0978, and 0981) were found to 
be contaminated by one or more of the following volatile organics at concentrations ranging from 
lO to 4700 p.g/L: trichloroethene, benzen~~ and vinyl chloride. Subsequent sampling of the wells 
in September and October 1992 and April 1993 indicated the presence of similar activities and 
concentrations of the noted contaminants. H'owever, total strontium was observed to be below 
the MCL in Well 0972 during the later sampling events and was detected above the MCL in 
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Table 3.5. Sununary of WAG S groundwater monitoring system wells 

Well no. Total depth (ft) 

Pre-RAP wells 

MW-l No Data 

MW-2 No Data 

MW-3 No Data 

MW-4 No Data 

1767 (T64-1)Q 15.00 

0159 6.00 

0161 8.00 

0436 31.00 

0454 22.00 

0456 11.00 

Groundwater qualily wells 

0963 95.00 

0964 49.20 

0965 28.50 

0966 24.40 

0967 60.00 

0968 20.40. 

0969 15.60 

0970 75.00 

0971 14.90 

0972 75.00 

0973 15.50 

0974 22.30 

0975 28.30 

0976 84.20 

0977 19.80 

0978 20;00 

0979 49.60 

0980 50.00 

· I' I: 
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Table 3.5 (continued) 

Well DO. 

0981 

0982 

0983 

0984 

OWell alias in parenfhesis 

Total depth (ft) 

20.00 

16.40. 

25.00 

80.00 
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Well 0977. Also, tritium and thallium were detected above MCLs in Wells 0968 and 0974, 
respectively, during the later sampling events. 

Based on the data evaluated for WAG 5, contaminated groundwater containing mCs, 9OSr , 
and tritium (probably derived from wastes in SWSA 5) appears to have migrated beyond the 
southern boundaries of WAG 5. In addition, metal and volatile organic contaminants in 
groundwater also appear to be migrating beyond the southern WAG boundaries. However, these 
contaminants do not appear to be as widespread within the local groundwater system as are the 
radioactive contaminants. 

3.7 WAG 6 

3.7.1 Site Location, Description, and Background 

WAG 6 is located in Melton Valley and consists of -27.5 ha (68 acres) (Fig. 3.18). The 
site is bounded to the south by White Oak Lake (WAG 2), to the eaSt by an unnamed tributary 
of White Oak Creek (WAG 2), and to the west by State Highway 95. The topography of the site 
is gently to moderately sloping and drains to White Oak Lake on the south and to the unnamed 
tributary of White Oak Creek on the east. WAG 6 contains three SWMUs: SWSA 6, the 
Emergency Waste Basin, and the Explosives Detonation Trench. 

3.7.1.1 SWSA 6 

SWSA 6 was opened for limited disposal operations in 1969 and began full-scale operations 
in 1973. This site received both radioactive and chemical wastes from the ORNL plant site, 
including solvents, scintillation liquids, laboratory glassware and equipment. protective clothing, 
mechanical equipment, construction materials, asbestos, filter media and resins, animal remains, 
and contaminated earth. Currently, only LLW is disposed of at SWSA 6. Disposal of chemical 
wastes was halted at the site in 1986. Prior to 1986, packaging of wastes was highly variable, 
ranging from plastic bags and stainless steel drums to no containerization. Previous waste 
disposal at SWSA 6 occurred in more than 510 trenches and 490 auger holes. 

Dimensions of trenches used at SWSA 6 were highly variable depending on the topography 
and trench type. In general, they were 15.3 m (50 ft) in length, 3 m (10 ft) in width, and 
ranging from 4 to 6 m (13 to 20 ft) in depth. The trenches are classified into the following 
categories based on the form of waste disposed: high activity (unlined), low activity (unlined), 
biological, asbestos, baled, fissile, high-activity concrete lined, and low-activity concrete lined. 
The inventory of radiological contamination within the SWSA 6 trenches is estimated to be 
19,054 Ci. 

Auger holes within SWSA 6 were generally located in the higher elevations of the site. 
Diameters of the holes ranged from 0.3 to 1.2 m (l to 4 ft), with depths to 6.1 m (20 ft). The 
auger holes are classified into the following categories based on the form of ~aste disposed: 
high-activity, fissile, and solvent. Fissile auger holes received wastes containing :23SU, which was 
possibly mixed with other radionuclides including mCs, 238U, and 9OSr . Solvent auger holes were 
used for disposal of a variety of chemical wastes, some of which were radioactively 
contaminated. These wastes included oils, cleaning solutions, alcohols, paint thinners, kerosene, 
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jet fuel, acids, and sodium. The inventory of radiological contamination within the SWSA 6 
auger holes is estimated to be 208,660 Ci. 

The demolition landfill, used for disposal of suspected low-hazard waste, is also located 
within SWSA 6. This landfIll occupies - 2 ha (5 acres) and is located in the northeastern portion 
of SWSA 6. Waste is shredded to reduce volume, placed into the landfIll, and finally covered 
with soil. As noted previously, LLW is currently disposed of at SWSA 6. This waste is placed 
into Greater Confinement Disposal silos, which are cylindrical concrete silos constructed of 
15-cm (6-in.)-thick concrete walls with 20-cm (8-in.)-thick steel-reinforced concrete top and 
bottom caps. A majority of the silos are equipped with PVC monitoring wells on the inner wall 
of the silo for detection and sampling of waste leachate. The silos are buried below grade in a 
vertical orientation. The Greater Confinement Disposal silos are located in three groups: two 
groups of low-activity silos, and one group of high-activity silos. Approximately 100 silos 
currently are located within SWSA 6. 

3.7.1.2 Emergency Waste Basin 

The Emergency Waste Basin was constructed between 1961 and 1962 to serve as an 
emergency holding basin for LLW or process wastes. It was to be used if ORNL was unable to 
release wastes to White Oak Creek. The basin, which encompasses -0.8 ha (2 acres) and has 
a potential storage volume of 56.8 million L (15 million gal), was reportedly never used. 

3.7.1.3 Explosives Detonation Trench 

The Explosives Detonation Trench is no longer used and has been backfilled. It was located 
in the southeastern portion of SWSA 6. The trench measured -4.6 m (15 ft) in length, 1.5 m 
(5 ft) in width, and 1.2 m (4 fi).in depth. It was used to detonate explosives and shock-sensitive 
chemicals such as picric acid, phosphorus, and ammonium nitrate. During operations, wastes 
were placed in the bottom of the trench and detonated with small plastic charges. Debris from 
the explosions generally remained in the trench. 

3.7.2 Characterization of Groundwater Contamination 

Two principal source documents were used to develop an understanding of groundwater 
\ 

contamination within WAG 6. These documents were the ORNL WAG 6 Site Characterization 
Summary (Energy Systems 1990), and the OakRidge ReserviltionEnvironmentalReport!or 1991 
(Energy Systems 1992b). The Site Characterization Summary document detailed interpretations 
regarding the nature and extent of groundwater contamination at WAG 6 based on Phase 1 -
Activity 1 RFI activities, which included a well evaluation, surface water investigation, review 
of ORNL groundwater data quality, monitoring of well installations, and a groundwater 
investigation. 

Based on the results of these investigations, the primary radiological groundwater 
contaminants detected at WAG 6 were tritium and 9OSr. Other radionuclides found to be present 
in groundwater at the site included wCo, mCs, 4OfC, and several transuranics ~Pu, 239pu, 240pu, 
and 241Am). Activities of tritium and 90Sr were found to range from 0.03 to 159,988 Bq/L .and 
from 0.001 to 111 Bq/L, respectively. Several areas in WAG 6 appear to be sources of the 

. detected radiological contamination: (1) the 17-Trench area (tritium); (2) East Waste Disposal 
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Area: Northwest auger hole area (tritium); (3) Central Waste Disposal Area: high-activity 
trenches, 49-Trench area, and low-activity trenches northeast of 49-Trench area (tritium and \IOSr); 
(4) West Waste Disposal Area: low-activity trenches (tritium and \IOSr) and biological trenches 
(tritium); and (5) the South Waste Disposal Area (tritium). 

The primary organic chemical groundwater contaminants detected at WAG 6 were 
trichloroethene and its degradation products, fuel-related volatiles (benzene, ethylbenzene, 
toluene, and xylene), and bis(2-ethylhexyl) phthalate. <;::oncentrations of these compounds were 
found to range from nondetectable to 6800 IJ.g/L. Several areas in WAG 6 appear to be sources 
of the detected organic chemical contamination: (1) 17-Trench area; (2) East Waste Disposal 
Area: Northwest auger hole area; (3) Central Waste Disposal Area: high-activity trenches, 
solvent auger hole area between low-activity and high-activity silo areas, solvent auger hole area 
on east side area, 49-Trench area, low activity trenches northeast of 49-Trench area, and the 
biological trench area; and (4) the West Waste Disposal Area, biological trench area. 

The Oak Ridge Reservation Environmental Repon for 1991 (Energy Systems 1992b) 
summarized results for groundwater samples collected during February, September. and 
December of 1991 from 26 perimeter groundwater quality wells at WAG 6 (Fig. 3.19 and 
Table 3.6). The 10 monitoring ,wells of major concern are located on the northeast perimeter of 
WAG 6, or east of SWSA 6 within WAG 2. Volatile organic compound contamination is 
apparently isolated in the area ,around Wells 0842 and 0841. Trichloroethene was detected in 
both wells at concentrations up to 330 IJ.g/L. Well 0842 was also found to contain 
1,2-dichloroethene and carbon tetrachloride ranging from 11 to 19 IJ.g/L and from 40 to 65 IJ.g/L, 
respectively, Elevated levels of tritium were found along the eastern and southern boundaries 
of WAG 6 ranging up to 4440 Bq/L at Well 0842 within SWSA 6, and up to 77,700 Bq/L at 
Well 1243 east of SWSA 6. Total strontium and 6OCO were also detected in the wells of concern. 
Total strontium was detected up to 1.9 Bq/L at Well 0841 ,and 6OCO up to 35.8 Bq/L at 
Well 1243, 

3.8 WAG 7 

3.8.1 Site Location, Description, and Background 

WAG 7 is located in Melton Valley and consists of -47 ha (116 acres), which are 
predominantly woodland (Fig. 3.20). The site is irregularly shaped and is bounded to the south, 
southwest, and southeast by White Oak Lake and the floodplain of White Oak Creek (WAG 2). 
To the east the site is bordered by uplands that drain toward White Oak Creek, and to the 
northeast by SWSA 4, which adjoins the site. Lagoon Road parallels the northern limit of the 
site which lies on the foots lope of Haw Ridge. On its western flank the site is adjoined by 
WAG 2 and the head of a north-south draw which drains toward White Oak Lake. 

WAG 7 contains 14 SWMUs, which are divided into the following three groups: (1) Pits 
and Trenches, (2) ILLW Lines and Leak Sites, and (3) Other Inactive Facilities. The Pits and 
Trenches category ofSWMUs includes Pits 1,2,3, and 4 and Trenches 5,6, and 7. The ILLW 
Lines and Leak Sites category ofSWMUs includes the ILLW Line Leak Site, Leak Site southeast 
of Trench 6, and the Access Road Leak Site at the end of Trench 7. The Other Inactive Facilities 
category of SWMUs includes the Building 7819 Decontalnination Facility, Homogeneous Reactor 
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Table 3.'. Summary of WAG' groundwater monitoring system wells 

'I: 
Well no. Total depth (ft) 

, Groundwoter quality wells I 0745 60.20 

0831 50.70 ,I 
0832 85.90 

0833 ~1.oo 

I 0835 27.50 

0836 28.50 'I 0837 31.60 

0838 22.80 

I 0839 56.00 

0840 26.90 

0841 56.50 I 
0842 26.80 

0843 21.00 'I 
0844 52.00 

0845 41.00 'I 
0846 81.00 

0847 67.00 I 
0855 52.00 

0856 82.00 I 0857 70.00 

0858 106.40 I 0859 26.50 

0860 61.80 I 1243 27.91 

1244 24.99 

I 1245 58.06 

I 
I 
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Experiment Fuel Wells, soil contamination at the Hydrofracture Experimental· Site I, and the 
Shielded Transfer Tanks. 

During the period from 1951 through 1966, ORNL disposed ofILLW by means of shallow 
seepage pits and trenches. The liquid wastes were generated as part of routine plant operations 
and were stored and treated with a caustic precipitant in gunite tanks located in the main plant 
area. These wastes initially were hauled from the gunite tanks to the pits in a tank truck but later 
were piped to the pits and trenches after construction of the ILLW lines in 1954. The pits were 
open-topped earthen impoundments; the trenches' were long, narrow trackhoe excavations that 
were backfilled with crushed stone and covered with an earthen cap. 

The liquid waste system at ORNL was formerly called the ILL W system but is now referred 
to as the LLW system because the waste stream has been reclassified. However, the pipe 
network and leak sites related to WAG 7 were active or occurred prior to the reclassification; 
thus, the waste stream is referred to herein as ILLW. The ILLW system's components include: 
collection tanks in the main plant area and in Melton Valley, an evaporator in the main plant 
area, and a piping network used to transfer waste within the main plant area and to the disposal 
sites in Melton Valley. The first section of the ILLW line was constructed in June of 1954. The 
line was fabricated of 5-cm (2-in.) cast iron pipe and ran underground from the main plant area 
through the gap in Haw Ridge to its discharge point at Pit 2 in Melton Valley. The ,tine was 
extended to Trench 5 in 1960, with additional extensions to Trenches 6 and 7 in 1961 and 1962, 
respectively. In 1966, the first hydrofracture facility became operational, and the ILLW line was 
extended southeastward from Trench 7 to this facility. This extension was also constructed of 
cast iron but was replaced with stainless steel in 1971. 

3.8.1.1 Pit 1 

Pit 1 was constructed just west of SWSA 4 and south of Lagoon Road in July of 1951. The 
pit was -30.5 m (100 ft) long by 6.1 m (20 ft) wide by 4.6 m (15 ft) deep and had a capacity 
of 681,300 L (180,000 gal). About 465,555 L (123,000 gal) of liquid waste were placed in the 
pit during its period of operation. The waste reportedly had a pH of about 12.5 and was 
principally contaminated with mes and lO6Ru, although operating records indicate that 196 kg of 
uranium and 266 mg of plutonium were also disposed of in Pit 1. In October 1951, the pit was 
closed to ILLW disposal after a ruthenium-contaminated seep was discovered. However. Pit 1 
received additional waste in the form of drain discharge from Decontamination Building 7819, 
which began in 1962 and continued until at least 1964 but may have continued until as recently 
as 1981. The nature and duration of discharges from the decontamination building are not clearly 
documented, but the total amount of activity from this source is thought to have been low. Pit 1 
was filled with shale and covered with a sloping asphalt cap in 1981. 

3.8.1.2 Pit 2 

Pit 2 is located on a hill -427 m (1400 ft) south of Pit 1 and was constructed in 1952. The 
pit was ...;..61 m (200 ft) long by 30.5 m (100 ft) wide by 4.6 m (15 ft) deep, had sloping sides 
and a flat base, and had a capacity of 3,785,OOOL (1,000,000 gal) at a stage of 3.7 m (12 ft). 
The pit received ILLW via tank trucks until completion of the ILLW pipeline; however, tank 
trucks continued to transport inactive chemical wastes composed primarily of aluminum and 
ammonium nitrates to Pit 2 for disposal. The amount of active waste disposed of in Pit 2 is 
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difficult to assess because overflow from Pit 2 was routed to Pits 3 and 4. Therefore, the relative 
distribution of ILLW among these three pits is not known, but the total quantity for all three is 
estimated at 79,485,000 L (21,000,000 gal). 

The principal waste constituents disposed of in the three pits were I37Cs, I06Ru, \lOSr, and the 
trivalent rare earths. During the years 1959 and 1961, considerable amounts of l

06Ru were 
discharged to the pits and a seep contaminated with lO6Ru was discovered on the west side of 
Pit 2. A trench was excavated at this location to intercept and collect the seep discharge, which 
was then pumped back into Pit 2. Sodium sulfide was added to Pit 2 in an effort to reduce the 
flux of I06Ru, but this was ineffective, and subsequently the levels of ruthenium discharged to the 
pit were decreased. Pit 2 was closed by backfilling with soil as it continued to drain over a 
period from 1962 to 1963. Final grading was completed in late 1963, and a sloping asphalt cap 
was placed over the pit in 1970. 

3.8.1.3 Pit 3 

Pit 3 is located on the same hill as Pit 2 and is immediately northeast and upslope of Pit 2. 
This pit was constructed in January of 1955 and had the same dimensions and holding capacity 
as Pit 2. Pit 3 became the initial discharge point for the ILLW pipeline and was designed to 
overflow through a pipe into Pit 2. The principal radionuclides disposed of in Pit 3 were 137Cs, 
l
06Ru, and the trivalent rare earths, as well as sodium and nitrate from the treatment process in 

the main p1a.Il:t gunite tanks. Other radionuclides disposed of in lesser amounts in Pit 3 included 
89Sr, \lOSr, CiOCo, and 12.SSb. Seepage from Pit 3 was observed on its eastern side, but the flow was 
relatively small compared to that at Pit 2; therefore, no corrective measures were taken. Pit 3 
was closed.in September of 1961 in the same general manner as Pit 2. 

3.8.1.4 Pit 4 

Pit 4 is located immediately south and downslope of Pit 3. This pit had the same dimensions 
and holding capacity as Pits 2 and 3 and went into operation in April 1956, when it began to 
receive ILLW overflow piped in from Pit 2. Pit 4 proved to be more permeable than its 
predecessors, and an increase in ruthenium discharges to the pits in 1959 apparently resulted in 
a contaminated seep on the eastern side of the pit. An interception/collection trench measuring 
3m (10 ft) deep and 53 m (175 ft) long was excavated along the eastern side of Pit 4 and used 
to pump accumulated liquid back into the pit. Copper compounds were also placed into the pit 
in the hope of immobilizing the ruthenium. Ultimately, discharges to the pits were discontinued, 
but it took some time for the seepage to abate. During this period, another interception/collection 
trench was excavated on the west side of Pit 4, and 10 tons of sodium sulfide were added to the 
pits to reduce ruthenium mobility. Beginning in 1976, Pit 4 was gradually backftlled and was 
capped with asphalt in 1980. 

3.8.1.5 Trench 5 

Trench 5 is located on a hill - 223 m (730 ft) east of Pit 4 and was constructed in May of 
1960. The design of this trench was markedly different from that of the WAG 7 pits in that it 
was intended to minimize worker exposure and reduce the amount of meteoric water collected. 
The design also called for the trench to be oriented perpendicular to geologic strike which would 
enhance its seepage capacity since most of the seepage was believed to occur along strike via 
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bedding planes. Trench 5 was 92 m (300 ft) long by 4.6 m (15 ft) deep, was wider at the top 
than at the base, and was calculated to have a seepage rate of -15,140 LId (4000 gal/d). Prior 
to 'operation, the trench was treated with -817 kg (1800 lb) of copper sulfate and -454 kg 
(1000 Ib) of sodium sulfide to reduce the mobility of ruthenium. Trench 5 operated near its 
seepage capacity for a period of -6 years and ultimately received - 36,000,000 L 
(9,500,000 gal) of waste contaminated with 89Sr, wSr, mCs, lO6Ru, and 6OCo. The trench stopped 
receivingILLW in 1966 and was asphalt-capped in 1970. 

3.8.1.6 Trench 6 

Trench 6 is located - 458 m (1500 ft) north of Trench 5 on a hillcrest above a draw and 
was constructed in 1961. . Contrary to the intended design criteria for the WAG 7 trenches, 
Trench 6 was excavated in a V-shaped configuration and thus portions of it were probably normal 
to geologic strike while other portions were perpendicular to strike. This trench was also treated 
with copper sulfate prior to operation to reduce ruthenium mobility. However, - 1 month after 

. becoming operational, Trench 6 was removed from service because of seepage outbreaks 
contaminated with wSr and mCs. Only -492,050 L (130,000 gal) of ILLW discharge 
contaminated with wSr, mCs, lO6Ru, and 6OCo were disposed ofin the trench. In 1981, Trench 6 
was capped with asphalt. 

3.8.1.7 Trench 7 

Trench 7 is located -244 m (800 ft) east of Trench 5 and was completed in August of 1962. 
This trench was designed with three separate segments, only two of which were built because 
shallow groundwater was discovered beneath the site of the proposed third, segment. Trench 7 
was oriented perpendicular to geologic strike and consisted of two segments 30.5 m, (100 ft) long 
and -4.6 m (15 ft) deep. Prior to operation, the trench was treated with 189,250 L (50,000 gal) 
of 4% sodium hydroxide. This trench operated until 1966 during which time it received 
-36,000,000 L (9,500,000 gal) ofILLW discharge contaminated with wSr, mCs, I06Ru, and 

6OCo. Only one documented seep containing relatively low levels of ruthenium occurred on the 
eastern side of the trench, and no remedial measures were taken. In 1970, Trench 7 was capped 
with asphalt, which was expanded in 1985 to enhance runoff and decrease surface water 
infiltration. In 1985 and 1986, a grout curtain was installed at varying depths on the northern 
and eastern sides of the trench; the grout curtain was not intended to completely seal off lateral 
groundwater movement, but rather was designed to plug preferred migration routes. 

3.8.1.8 ILLW Line Leak Site 

This leak site resulted from waste seepage from a coupling in the ILLW line. The waste was 
reported to have spread laterally over a small area, but a radiometric survey of the area indicated 
the presence of contaminated sediment extending all the way to White Oak Creek. The principal 
contaminants associated with the leak were wSr, 137Cs, and 244Cm, with minor activity attributed 
to 241Am, 238Pu, and 239pu. Monitoring wells installed at the leak site indicated contamination; 
thus, 278 m3 (364 yd?) of contaminated soil were removed. Subsequent groundwater monitoring 
sho~ed significant decreases in radiologic activity, but a surface survey indicated the persistence 
of contamination, leaving some question about the effectiveness of the remediation and the 
integrity of the ILL W line. . 
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3.8.1.9 Leak Site southeast of Trench 6 

This leak. site is located -(150 ft) south of Trench 6, and contamination was documented 
by two radiometric surveys of the ILLW line. The surveys indicated that contamination has 
spread downslope of the site to the southwest and was present over several feet of soil. The 
principal contaminants identified were I37CS, ~Sr, Z44Cm, Z4IAm, 238J>u, and 2:l9f>u, and soil 
samples indicated beta-gamma activity ranging from 0.01 to 50 pCi/g and alpha activity of about 
1.0 pCi/g. The leak. site was cleared of vegetation, and both contaminated soil [-76.5 m3 

(100 yd3
)] and the ILLW were removed. Clean fill mixed with bentonite was placed over the 

spill area and graded. Finally, 15 cm (6 in.) of crushed stone were applied to the area, and it 
was capped with asphalt. 

3.8.1.10 Access Road Leak Site at the end of Trench 7 

No detailed inform~tion is available for this leak. site which involved the rupture of a plastic 
pipeline releasing about 11,355 L (3000 gal) of ILLW. The incident was dOCumented in a waste 
disposal operations report and occurred just north of Trench 7. The principal contaminants 
released were cesium, cerium, and strontium. Remediation of this leak site consisted of applying 
1.5 m (5 ft) of graded clay cover. 

3.8.1.11 Building 7819 Decontamination Facility 

This facility is located on the north side of Lagoon Road near the western corner of 
SWSA 4. It was used for unshielded decontamination operations, which included acid, baths, 
sandblasting, and other unspecified procedures. The residual, contamination on the site includes 
portions of the building, equipment within the b'uilding, and blasting sand located - 30.5 m 
(100 ft) north of the building. The blasting sand located outside the building has a maximum 
exposure rate of 2.0 mR/h. . 

3.8.1.12 Homogeneous Reactor Experiment Fuel Wells 

There are reportedly seven Homogeneous Reactor Experiment (HRE) fuel wells (identified 
as S-l through S-7) located just south of Trench 5, although field reconnaissance of the area in 
April of 1987 could only confirm the location of four of these wells. The wells were used to 
dispose of the HRE liquid fuel; they were actually auger holes 30.5 em (12 in.) in diameter and 
were reported to be 5.2 m (17 ft) deep and - 3 m (10ft) apart. The liquid fuel consisted of 
uranium in solution with 4.0M sulfuric acid. Some fission products were also associated with 
the waste, predominantly strontium and ruthenium. Laboratory correspondence documented the 
disposal of 367 L (97 gal) of fuel solution distributed between Wells S-3 through S-7 during the 
period from March to April of 1964. Disposal of the solution was accomplished thfough a plastic 
transfer line, which was run to the bottom of the auger holes. Afterwards, the plastic line was 
lowered into the hole, and the well was backfilled with earth. 

3.8.1.13 Soil contamination at the Hydrofracture Experimental Site 1 

The Hydrofracture Experimental Site I is located near the northwestern corner of WAG 7, 
just southwest of Lagoon Road. In October of 1959, the first hydrofracture experiment was 
conducted to determine the orientation of hydraulically initiated fractures. The experiment was 

93-140P/082294 

"~ C:~ 

~.P"' 

",.;.;.;' 

,~ 



3-60 

conducted in an injection borehole cased to 91.5 rn (300 ft) that had a slot cut into the casing at 
88.5 m (290 ft). A fracture was created in a subsurface shale bed and 102,195 L (27,000 gal) 
of water, cement, diatomaceous earth, and a fluid loss additive were pumped into the fracture. 
The grout mixture was tagged with 35 Ci of mCs and 8.7 Ci of I44Ce. The grout sheet created 
during the experiment extends -122 m (400 ft) north-northeast from the injection well location. 

After the grout was pumped into the shale, the injection well was flushed with water. 
Toward the end of the flushing operation, grout was observed flowing out of a 7.6-cm (3-in.) 
diameter corehole located 60 m (199 ft) north of the injection well. Pumping was stopped, but 
grout continued to flow for a period of several hours, followed by clear water, which continued 
to flow from the corehole for - 2 months. The grout and adjoining soil were excavated after the 
grout had cured and were disposed of in SWSA 5. 

3.8.1.14 Shielded Transfer Tanks 

There are five heavily shielded transfer tanks (designated STI through ST5) located above 
ground in a storage area -153 m (500 ft) north of Pit 3. These tanks were originally used in 
the late 1950s to transfer low concentrations of aqueous cesium and strontium waste from Arco, 
Idaho, to ORNL. During the 1960s, the tanks were used for the transfer of cesium-loaded ion 
exchange resins from Hanford, Washington, to ORNL. In 1967, all but one of the tanks were 
taken out of service. The single active tank was used at ORNL in 1970 and' 1971 for the transfer 
of a caustic solution contaminated with high-level fission product waste. All of the tanks are now 
inactive but contain residual contamination, principally 137CS. At present, none of the tanks is 
known to beleaking. 

3.8.2 Characterization of Groundwater Contamination 

3.8.2.1 Groundwater monitoring system 

The groundwater monitoring system within WAG 7 includes 63 monitoring wells installed 
prior to 1980, 8 piezometers installed in 1986 or 1987, and 16 additional monitoring wells 
installed between 1989 and 1990. The 63 older monitoring wells installed as part of the pre-RAP 
were constructed as open boreholes or were stabilized with perforated steel casing running the 
entire length of the borehole. The piezometers were constructed of 5-cm (2-in.) 10 PVC casing 
and screens. Sandpack was placed around the screens, and a bentonite seal was placed above the 
sandpack. The remaining annulus was grouted, and each piezometer was completed with a cap 
and protective cover. 

The 16 additional monitoring wells at WAG 7 were installed as part of a groundwater quality 
monitoring well installation program at ORNL. These wells were constructed of 5-cm or 10-cm 
(2-in. or 4-in.) 10 stainless steel casing and screens. The remainder of the well construction was 
the same as described for the piezometers. Each well was completed with a steel protective 
casing, locking cap, steel guardposts, and a concrete pad. The locations of the monitoring wells 
or piezometers within WAG 7 for which groundwater quality data were evaluated for this 
summary are presented in Fig. 3.21, and a summary of the total depths for these installations is 
presented in Table 3.7. 
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Table 3.7. Summary of WAG 7 groundwater monitoring system wells 

I Well no. To.tal depth (ft) 

Pre-RAP wells I 0084 No. Data 

0095 No. Data 

I 0096 No. Data 

0098 No. Data 

I 0099 No. Data 

0124 No. Data 

I 1820 (WT7-3)Q No. Data 

1826 (WT7-7) No. Data 

I 1764 (T6-7) No. Data 

1776 (T7-2) No. Data 

2324 (T7-3) No. Data I' 
1770 (T7-10) No. Data 

1817 (T7-13) No. Data I 
1772 (T7-15) No. Data 

1777 (T7-20) No. Data I 
1778 (T7-21) No. Data 

1779 (T7-22) . No. Data I 1780 (T7 -23) No. Data 

1781 (T7-24) No. Data I 1782 (T7-25) No. Data 

1783 (T7-26) No. Data 
'" 

Groundwater quality wells 

1071 25.00 I 1072 70.00 

1073 25.60 ,I 1074 30.00 

1075 73.00 I' 1076 20.00 

1077 82.60 

I 
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Table 3.7 (continued) 

Well no. Total depth (ft) 

1078 20.00 

1079 70.00 

1080 20.00 
.... 

1081 73.50 

1082 15.00 

1083 15.00 

1084 15.00 

1085 72.80 

1086 14.75 

"well alias in parentheses 

I' I: 
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3.8.2.2 Contamination nature and extent 

Two principal source documents were used to develop an understanding of groundwater 
contamination within WAG 7. These documents were the Preliminary Geohydrologic Site 
Characterization and Proposed Water Quality Well Locations for WAGs 7, 8, and 9 (Energy 
Systems 1987b), and the Oak Ridge Reservation Environmental Repon for 1991 (Energy Systems 
1992b). The Preliminary Geohydrologic Site Characterization report summarized results from 
two previous studies regarding groundwater contamination at WAG 7. 

The first study reported results for groundwater samples collected from nine of the pre-RAP 
monitoring wells located in the vicinity of Pits 2, 3, and 4, and Trenches 6 and 7. Six 
monitoring wells located around the perimeter of Pits 2,3, and 4 (0124,0099,0098,0096,0095, 
and 0084) were sampled. Results from this sampling indicated the presence of IiOCo and \IOSr 
contamination in all of the wells with the exception of Well 0096, which only contained IiOCo 
contamination. Activities ofliOCo and \IOSr, respectively. ranged from 0.83 to 4.4 Bq/L and 0.34 
to 1.4 Bq/L in the northern half of the pits area and from 23 to 120 Bq/L and 0.36 to 3.2 Bq/L 
in the southern half of the area. Results from two monitoring wells sampled west of Trench 7 
(1820 and 1826) indicated the presence of IiOCo and \IOSr contamination averaging 0.3 Bq/L for 
both contaminants. Samples from Well 1764 located in the vicinity of Trench 6 indicated the 
presence of IiOCo, 'lOSr, and mCs at activities of 2.7, 54, and 180 Bq/L, respectively. Tritium was 
not detected above detection limits at any of the sampling locations. 

The second study reported results for groundwater samples collected from 12 of the pre-RAP 
monitoring wells (1776, 1787, 1770, 1771, 1772, and 1777 through 1783), one soil boring 
(SB-l), and one seep located near Trench 7. All of the sampling locations were found to be 
contaminated by tritium and \IOSr, with activities ranging from 85 to 27,300 Bq/L for tritium and 
from 0.3 to 2350 Bq/L for \IOSr. A majority of the sampling locations were also found to be 
contaminated by 6OCo and 233U, with activities ranging from 14 to 2040 Bq/L for 6OCo and from 
0.13 to 12.9 Bq/L for 233U. 

The Oak Ridge Reservation Environmental Repon for 1991 (Energy Systems 1992b) 
summarized results for groundwater samples collected during April and May of 1991 from the 
16 groundwater quality wells at WAG 7. Five of the perimeter wells, four located along the 
southwest boundary of WAG 7 (1076, 1978, 1079, and 1082) and one along the southeast 
boundary (1084), were found to be contaminated with tritium. Activities of tritium in the 
southwest perimeter wells ranged from 760 to 38,000 Bq/L; the activity within Well 1084 was 
4500 Bq/L. Wells 1079 and 1085 were found to contain nickel contamination above the MCL 
at concentrations of 370 ILg/L and 146 ILg/L, respectively. Subsequent sampling of the wells in 
April and May of 1992 indicated the presence of similar activities and concentrations of the noted 
contaminants, with the exceptions that no tritium was detected in Well 1082 and no nickel was 
detected in Well 1085. 

Based on the data evaluated for W AG7, contaminated groundwater containing IiOCo, \IOSr, 
and tritium derived from one or more of the disposal pits and/or trenches appears to have 
migrated downgradient to the southern boundaries of WAG 7. Trench 7 also appears to be a 
possible source of 233U contamination; Trench 6 may be a possible source of mCs. The absence 
of tritium contamination in the pre-RAP wells sampled around Pits 2, 3, and 4 does not correlate 
with later detection of this contaminant in the groundwater quality perimeter wells. This 
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observation may be attributed to different well depths, resulting in the sampling of two different 
groundwater horizons, or may be attributed to arrival of tritium contamination in this area of the 
WAG between the two sampling events. Regardless of the explanation, the detection of tritium 
in Wells 1076 and 1078 suggests that one or both of the upgradient disposal sites' (Pit 1 or Trench 
6) in WAG 7, or possibly WAG 4, are sources of tritium contamination. 

3.9 WAG 8 

3.9.1 Site Location, Description, and Background 

WAG 8 is located mainly in Melton Valley and consists of -13.8 ha (34 acres) (Fig. 3.22). 
The site is irregularly shaped and has two sinuous extensions from its northern end that contain 
the LLW transfer lines. One of these lines extends northwest and crosses Haw Ridge; the other 
runs parallel to Melton Valley Drive up to its juncture with another line at Lagoon Road. To the 
east, the site is bordered by two draws that contain tributaries of Melton Branch. The floodplain 
of Melton Branch borders the site to the south. The noted tributaries and floodplain constitute 
the upper reaches of WAG 2. On its western side, WAG 8 is flanked by a low southwesterly
trending knoll. 

WAG 8 contains 20 SWMUs, which are divided into the following four groups: (1) Waste' 
Collection Basins, (2) LLW Line Leak Sites, (3) Active LLW Tanks, and (4) Other Facilities. 
The Waste Collection Basins category ofSWMUs includes Basins 7905, 7906, 7907, and 7908. 
The LLW Line Leak Sites category includes the Melton Valley Transfer Line, Melton Valley 
Drive Leak Site, Melton Valley Drive and SWSA 5 Access Road Leak Site, 7500 Area Leak Site, 
Leak Site West of Melton Valley Pumping Station, Building 7920 and Melton Valley Pumping 
Station Leak Site, and the Building 7920 Ditch Line Leak Site. The Active LLW Tanks category 
of SWMUs includes WC-20, HFIR, T-l, and T-2 Active LLW Collection/Storage Tanks. The 
Other Facilities category includes Soil Contamination at Hydrofracture Experimental Site 2, 7507 
Hazardous Waste Storage Facility, 7507W Mixed Waste Storage Pad, Sewage Treatment Plant, 
and Silver Recovery Process. 

Four surface impoundinents are located south of the High Flux Isotope Reactor (HFIR) 
facility in WAG 8. Impoundnients 7905 and 7906 receive process waste streams from the HFIR 
facility. Impoundments 7907 and 7908 receive process waste streams from the Thorium-Uranium 
Facility (TURF) and the Transuranic (TRU) Processing Facility. Based on topography, it appears 
that all four basins were constructed by excavation and that some of the excavated material was 
used to construct berms around the basins. All of the basins are lined with an estimated (2 ft) 
of rock rip-rap on their interior slopes. 

Six of the seven leak sites included in WAG 8 occurred along the sections of pipeline that 
transferred waste from theHFIR facility, TURF, and TRU processing facility to the Melton 
Valley pumping station and then to the South Tank Farm in Bethel Valley. The one leak site that 
did not occur along this section of line 'is believed to have taken place along the original transfer 
line that ran from the South Tank Farm to the pits and trenches in WAG 7. Both sections of 
these lines are presently inactive. The information available for the leak sites varies from detailed 
written accounts to oral accounts recalled from 17 to 27 years ago. Therefore, the level of detail 

93-140P/082294 



Fig. 3.22. Location or WAG 8 at ORNL •. 

-------------------



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
• 

3-67 

regarding individual leaks varies, and in some instances accounts of a given leak event could not 
be positively matched to documented leak. locations. 

There are four underground tanks, which are used to collect low-level wastes in Melton 
Valley. Three of the tanks (T-l, T-2, and the HFIR tank) are singly contained units that rest on 
concrete pads fitted with a sump. These tanks are surrounded by gravel backfill and covered with 
earth. The fourth tank (WC-20) is double-contained. 

3.9.1.1 7905 Waste Collection Basin 

. The 7905 Basin began operation in 1965 and has a design capacity of -908,400 L 
(240,000 gal). Process wastes discharged to this basin from the HFIR facility include floor 
drains, laboratory drains, steam condensate, and process vessel cooling water. Additionally, the 
basin receives radioactive . contaminated blowdown water from the cooling tower in 
Building 7902. Discharge from the basin is released to Melton Branch if not contaminated, or 
is routed to Basin 3524 in the main plant area for further treatment. Approximately 30.5 cm (12 
in.) of sediment have accumulated on the base of this impoundment; however, analyses indicate 
that the sediment does not exceed characteristic waste standards. The principal radionuclide 
contaminant associated with waste streams directed to Basin 7905 is roCo. 

3.9.1.2 7906 Waste Collection Basin 

The 7906 Basin began operation in 1965 and has a design capacity of -1,892,500 L 
(500,000 gal). Process wastes' are discharged to this basin from the HFIR facility, but it can also 
receive waste streams diverted from the TURF and TRU processing facility. Discharge from the 
basin is released in the same manner as described for Basin 7905. Approximately 20 cm (8 in.) 
of sediment have accumulated on the base of this impoundment; however, analyses indicate that 
the sediment does not exceed characteristic waste standards. The principal radionuclide 
contaminants associated with waste streams directed to Basin 7906 are roCo and plutonium and 
its daughter products. 

3.9.1.3 7907 Waste Collection Basin 

The 7907 Basin began operation in 1965 and has a design capacity of -189,250 L 
(50,000 gal). Process wastes are discharged to this basin from the TURF and TRU processing 
facility. Discharge from the basin is released in the same manner as described for Basin 7905. 
Approximately 6.1 cm (2.4 in.) of sediment have accumulated on the base of this impoundment; 
however, analyses indicate that the sediment does not exceed characteristic waste standards. The 
principal radionuclide contaminant associated with waste streams directed to Basin 790iis 244Cm. 

3.9.1.4 7908 Waste Collection Basin 

The 7908 Basin shares the same dimensions, waste streams, and operating history as 
Basin 7907, except that it is filled and emptied alternately with its sister basin. Sediments that 
have accumulated on the base of this impoundment do not exceed characteristic waste standards. 
The principal radionuclide contaminant associated with waste streams directed to Basin 7908 is 
also 244Cm. . 
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3.9.1.5 Melton Valley Transfer Line 

The older section of the Melton Valley LL W transfer line ran from the Melton Valley 
pumping station along Melton Valley Drive crossing White Oak Creek and Lagoon Road to its 
junction with the original transfer line that ran between the main plant and the WAG 7 disposal 
pits and trenches. The line was constructed of 5-cm (2-in;) mild steel with mechanical joints and 
was routed underground. This section of line was reportedly replaced in 1973 with cathodically 
protected 5-cm (2-in.) stainless steel line, portions of which are double-contained. The original 
sections of piping from the HFIR and TRU processing facilities that carried waste to the 
collection tanks were 7.6-cm and 5-cm (3-in. and 2-in.) lines, respectively. 

3.9.1.6 Melton Valley Drive Leak Site 

This incident presumably occurred during the April-June timeframe of 1960. The incident 
was actually a line break, not a leak, and probably involved the original5-cm (2-in.) transfer line 
that led to the WAG 7 pits and trenches rather than the line that connected the Melton Valley 
pumping station to the main plant area. The incident occurred near the 7500 bridge where the 
line crosses White Oak Creek; however, no wastes were being transferred at the time of the line 
damage. Documentation noted that an inspection of the line at this location indicated that there 
may have been other potential leaks in the line. Aside from repairing the/line, there is no record 
of any remedial measures taken at this location. 

3.9.1.7 Melton Valley Drive and SWSA 5 Access Road Leak Site 

This leak occurred on July 9, 1970, during a transfer of waste from Melton Valley to the 
tank farm. The leak site is located south of Melton Valley Drive just west of the entrance to the 
SWSA 5 access road. The leak was described as liquid coming out of the ground and running 
west along the shoulder of the road and southwest into the grass. Approximately 18.6 m3 

(200 fe) of contaminated pavement and soil were excavated and disposed of by burial. A 
neoprene gasketed pipe joint was determined to have been the source of the leak, which· was 
subsequently repaired. Another leak site in the same general area was indicated in a report issued 
on August 4, 1981. The site was located - 91.5 m (300 ft) east of the previously described site, 
along the northern side of Melton Valley Drive. Written documentation for the leak at this site 
was not found during a literature search. Other undocumented leaks may have occurred in this 
area at mechanical joints in the transfer line during the late 1960s and early 1970s. These leaks 
frequently occurred during LLW transfer and were identified by observation of liquid at the 
ground surface or by volume discrepancies. Typically, the waste and some contaminated earth 
were remediated by excavation. 

·3.9.1.8 7500 Area Leak Site 

On July 21, 1969, a leak"was discovered in the ILLW-transfer line that served the Melton 
Valley area. The leak was located between Buildings 7500 'and 7503 alongside the ditch 
immediately on the north side of Melton Valley Drive. Analysis of the liquid waste showed 
alpha, beta, and gamma contamination identified as predominantly 244Cm and fission products. 
The total volume of the leak was estimated to be 7948 L~f21oo gal). Remedial actions at the site 
involved removal of the high-level contaminated earth and repair of the line. Some low-level 
contamination remains in the wet area on the south side of Melton Valley Drive. 
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3.9.1.9 Leak Site west of Melton Valley Pumping Station 

. On January 15, 1971, a leak developed while waste was being transferred from Melton 
Valley to the tank farm. Approximately 9.3 m3 (100 ft3) of earth located west of the pumping 
station was remediated by excavation. A report of the incident indicated that there was no spread 
of contamination outside the immediate area of the leak. 

3.9.1.10 Building 7920 and Melton Valley Pumping Station/Building 7920 Ditch Line Leak 
Sites 

These two leak sites are probably the same event, although an early inventory of leak sites 
identified them as separate incidents. The assertion that the two sites are actually the same 
incident is supported by the similarity of the written descriptions for the leak. On July 31, 1970, 
visible quantities of liquid were observed on the soil surface and in a drainage ditch near the 
roadway west of Building 7920. Analysis of the liquid in the ditch showed alpha contamination 
(identified as Z44Cm), and beta-gamma contamination (identified as I06Ru). The ditch was filled 
with crusher-run stone to absorb and immobilize the liquid. All contaminated areas and the rock 
fill surface were then sprayed with asphalt to prevent weathering. Final remediation restored all 
accessible areas to an uncontaminated status except for the interior of a culvert under the road 
between Buildings 7920 and 7930. 

3.9.1.11 WC·20 LLW Collection/Storage Tank 

The WC-20 Tank is located -76 m (250 ft) northwest of Building 7503 on the northern side 
of Melton Valley Drive. The top of the tank is buried -2.3 m (7.5 ft) below ground level, is 
doubly contained within a concrete vault, and has a capacity of 37,850 L (10,000 gal). This:tank 
receives wastes from Building 7920 and discharges the wastes to Building 7567, where they are 
pumped to the South Tank Farm in Bethel Valley. 

3.9.1.12 HFIR LLW Collection/Storage Tank 

The HAR Tank is located -48.8 m(l60 ft) southeast of Building 7900. The top of the 
tank is buried -5.8 m (19 ft) below ground level, and has a capacity of 49,205 L (13,000 gal). 
This tank collects LLW from Building 7900 through a 15-cm (6-in.) stainless steel line and 
discharges to Tanks T-l and T-2 through a 7.6-cm (3-in.) cast iron mechanically jointed line. 

3.9.1.13 T-I and T-2 LLW Collection/Storage Tanks 

The T-l and T-2 Tanks are located southwest of Building 7567. The tops of the tanks are 
buried -2 m (6.5 ft) below ground level and have a capacity of 56,775 L (15,000 gal) each. 
The tanks are operated alternately to collect wastes from Buildings 7500, 7502, 7503, and the 
HFIR Tank via 7.6-cm (3-in.)cast iron mechanically jointed lines. The wastes are discharged 
to the central pumping station, from which they are pumped to the south tank farm in Bethel 
Valley. 
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3.9.1.14 Soil contamination at Hydrofracture Experimental Site 2 

The Hydrofracture Experimental Site 2 is located near the southwestern comer of WAG 8. 
In September of 1960, the second hydrofracture experiment was conducted to determine such 
factors as pressures achieved in the fracture zone, the effects of friction losses on pumping 
efficiencies, the feasibility of multiple injection zones, and extent of surface uplift and the 
orientation of the grout sheets. The experiment was conducted in an injection well drilled to a 
depth of 320 m (1050 ft), which had a slot cut into the casing at 285 m (934 ft). A nearby 
observation well was drilled near the injection well and was cased and grouted to a' depth of 
- 271 m (890 ft), below which a small-diameter perforated pipe string was set to a depth of 
320 m (1050 ft). 

A total of 346,581 L (91,567 gal) of water, cement, and bentonite grout tagged with 25 Ci 
of mCs was injected into the fracture zone, and the injection well was plugged to a depth of 
214 m (700 ft) with cement. A second slot was then cut in the injection well casing at 212 m 
(694 ft) and 502,270 L (132,700 gal) of additional grout, also tagged with mCs, was pumped into 
a second fracture zone. The lower grout sheet created during the experiment extends -91.5 m 
(300 ft) north from the injection well location; the upper grout sheet extends -153 m (500 ft) 
northeast from the injection well location. No documentation regarding surface soil 
contamination was found for the second hydrofracture experiment. A written account of the 
experiment did indicate that a corehole drilled into the subsurface grout sheet flowed water slowly 
for an extended period. However, the description did not indicate whether the water was 
contaminated or if any remedial activities were conducted. 

3.9.l.15 7507 Hazardous Waste Storage Facility 

This building is located south of Melton Valley Drive just west of Building 7503. The 
structure was erected in the 1950s and was conve~d to a hazardous waste storage facility in the 
early 1980s. The conversion included construction of a 15-cm (6-in.) concrete dike to contain 
seepage in the event of a container leak. Building 7507 stores a variety of hazardous wastes 
segregated into storage bays by hazardous characteristic (e.g., oxidizer, poison, corrosive). No 
releases from this facility have been documented. 

3.9.1.16 7507W Mixed Waste Storage Pad 

The Mixed Waste Storage Pad is located just west of Building 7507 and is a concrete pad 
-12.2 x 12.2 m (40 x 40 ft) surrounded by a concrete dike. A sump with an estimated 227-L 
(60-gal) capacity at the center of the pad area catches rainfall and potential leakage from waste 
containers. The facility receives ORNL mixed wastes, which are contained in 208-L (55-gal) 
drums. No releases from this facility have been documented. 

3.9.1.17' Silver Recovery Process 

The Silver Recovery Process is located in Building 7934 just west of the TURF. The 
recovery process treats -1515 L/week (400 gal/week) of photographic waste generated by the 
ORNL, Y -12, and K-25 facilities. The facility recovers silver from waste solutions by a 
batch-type chemical process involving the u'se of sodium hydrosulfite and sodium hydroxide. 
Silver precipitated by the process is dewatered by centrifuge and sold for further reclamation and 
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resale. Supernatant from the process is transferred from a pH adjustment tank to the main 
wastewater treatment plant. No rele~es from this facility have been documented. 

3.9.2 Characterization of Groundwater Contamination 

3.9.2.1 Groundwater monitoring system 

The groundwater monitoring system in WAG 8 includes·8 water quality wells installed in 
1985, 13 piezometers installed in 1986 or 1987, 'and 9 additional monitoring wells installed 
between 1989 and 1990. The eight water quality wells were installed around the HFIR facility, 
and no information concerning their construction is available. The piezometers were constructed 
of 5-cm (2-in.) ID PVC casing and screens. Sandpack was placed around the screens, and a 
bentonite seal was placed above the sandpack. The remaining annulus was grouted, and each 
piezometer was completed with a cap and protective cover. 

The nine additional monitoring wells at WAG 8 were installed as part of a groundwater 
quality monitoring well installation program at ORNL. These wells were constructed of 5-cm 
or lO-cm (2-in. or 4-in.) ID stainless steel casing and screens. The remainder of the well 
construction was the same as described for the piezometers. Each well was completed with a 
steel protective casing, locking cap, steel guardposts, and a concrete pad. The locations of the 
monitoring wells or piezometers within WAG 8 for which groundwater quality data .were 
evaluated for this summary are presented in Fig. 3.23, and a summary of the total depths for 
these installations is presented in Table 3.8. 

3.9.2.2 Contamination nature and extent 

Two principal source documents were used to develop an understanding of groundwater 
contamination within WAG 8. These documents were the Preliminary Geohydrologic'Site 
Characterization and Proposed Water Quality Well Locations for WAGs 7, 8, and 9 (Energy 
Systems 1987b), and the Oak Ridge Reservation Environmental Repon for 1991 (Energy Systems 
1992b). ,The Preliminary Geohydrologic Site Characterization report summarized results for 
samples collected in June of 1986 from seven of the eight water quality wells at the HFIR 
facility. Two of the wells located downgradient of the facility (0893 and 0894) were found to 
contai~ gross alpha contamination at levels of 0.66 and 2.08 Bq/L, respectively. Well 0894 also 
contained radium contamination at 1.5 Bq/L. Five of the wells located both upgradient and 
downgradient of the facility contained gross beta contamination ranging from 0.34 to 37.0 Bq/L. 
The occurrence of contamination in the upgradient wells suggests that a beta-emitting source area, 
possibly one of the LLW line leak sites, is present upgradient from the HFIR facility. 

The oak Ridge Reservation Environmental Repon for 1991 (Energy Systems 1992b) 
summarized results for groundwater samples collected during May and June of 1991 from the 
9 groundwater quality wells at WAG 8. Two of the wells (Wells 1087 and 1090) located along 
the western sinuous extension of WAG 8 were found to be contaminated with total strontium at 
activities of 2? Bq/L and 0.34 Bq/L, respectively. Another well (Well 1088) located between 
these two wells along the same extension contained tritium contamination at 2500 Bq/L. 
Subsequent sampling of the wells in May ~ June of 1992 indicated the presence of similar 
activities and concentrations of the noted contaminants, with the exceptions that no total strontium 
was detected in Well 1090, and thallium was detected at 5.1 p.g/L in Well 1092 located at the 
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. Table 3.8. Summary of WAG 8 groundwater monitoring system wells 

Well DO. Total depth (ft) 

HFIR water quality wens 

0877 (32-OO1)D No Data 

0888 (32-002) No Data 

0889 (32~003) No Data 

0890 (32-004) No Data 

0891 (32-005) No Data 

0892 (33~01) No Data 

0893 (33~02) No Data 

0894 (33-003) No Data 

Groundwater quality wens 

1087 23.00 

1088 35.00 

1089 30.18 

1090 73.10 

1091 22.65 

1092 87.50 

1093 48.25 

1094 70.30 

1095 23.10 

1096 23.20 

1097 17.80 

"well alias in parenrheses . 
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northeast comer of WAG 8. Based upon the irregular occurrences of contaminants within 
WAG 8 at the few locations sampled, no patterns regarding the overall extent of contamination 
at this site are apparent. 

3.10 WAG 9 

3.10.1 Site Location, Description, and Background 

WAG 9 is located in Melton Valley and consists of -1.2 ha (3 acres) (Fig. 3.24). This 
WAG is located west of the main portion of WAG 8 and south of Melton Valley Drive. WAG 9 
was the site of HRE 1 and later the Homogeneous Reactor Test (HRT), which is sometimes 
referred to as HRE 2. HRE 1 operated intermittently from 1951 through 1954 and was 
subsequently decommissioned and decontaminated. Following this, construction was begun on 
a new containment cell for the HRT, which operated from 1957 until 1961. After the HRT was 
shut down, some of the facilities were converted for use by the Nuclear Safety Pilot Plant 
(NSPP), which continues to operate today. 

WAG 9 contains four SWMUs: (1) the HRT Pond, (2) 7560 LLW Collection/Storage Tank, 
(3) 7562 LLW Collection/Storage Tank, and (4) the NSPP Septic. There are several additional 
potential environmental influences in WAG 9 that are not presently identified as SWMUs. The 
first of these was a reported release of purge water from the hot storage pool in Building 7500. 
Neither the volume nor the radioactive content of this release are known; however, based on a 
description, it is presumed that the release was to the tributary in the drainageway east of 
Building 7500. 

The second potential environmental influence is the presence of seven buried 208-L (55-gal) 
stainless steel drums, which are thought to be located in a north-south line along the western edge 
of the HRT Pond's asphalt cap. The tops of these drums are thought to be buried flush with the 
ground surface and are believed to contain contaminated valves, pump heads, and other 
components from the HRE. The third potential environmental influence is the discharge from 
sumps in the lower sub-level of Building 7500. The sumps were designed to eliminate any water 
that might accumulate on the floor of the sub-level. During operation of the HRT, the sump lines 
discharged to the HRT Pond; but after operation of the NSPP began, the sump piping was 
rerouted to an unspecified location. Several inactive underground lines and equipment pits 
located at the WAG 9 facilities also may be potential environmental influences. 

3.10.1.1 Homogeneous Reactor Test Pond 

The HRT Pond is located on a hillside - 24 m (80 ft) south of Building 7500. It was 
constructed in 1955 by excavation and forming of an embankment with the soils, and had a 
capacity of -1,135,500 L (300,000 gal). 'Inlet piping 'from 'the HRTentered the pond at its 
northwestern comer; the outlet piping was located at the southeastern corner. The outlet piping 
led to a weir box located -12 m (40 ft) from the pond, where discharges were released to a 
nearby but unspecified creek. The pond served as a retention/settling basin for liquid radioactive 
wastes from the HRT from 1958 through 19? 1. 
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Contaminants from these waste streams were flocculated in the pond, and the treated water 
was discharged to the weir box. The principal contaminants associated with the wastes were mCs 
and wSr , with trace amounts of238Pu, 239pu, 241Am, and 2A4Cm. In 1970, the pond was closed by 
backfilling with soil and shale. At this time, the pond was observed to be approximately half
filled with sludge and clay; the clay was presumed to have eroded and slumped from the pond's 
banks. After the backfilling was complete, 500 kg (1100 lb) of sodium borate were added along 
with 20 cm (8 in.) of crushed stone. The closure was completed by applying a 3.8-cm (1.5-in.) 
asphaltic concrete cap over the site. 

3.10.1.2 7560 and 7562 LLW Collection/Storage Tanks 

The 7560 and 7562 LLW Collection/Storage Tanks are buried tanks that were used in the 
HRT waste processing system. Both tanks have identification numbers; however, records do not 
indicate which tank was assigned which number. One of the tanks has a 3785-L (tOOO-gal) 
capacity; the other has a 45,420-L (12,OOO-gal) capacity. The 3785-L (1000-gal) tank is located 
south of Building 7502 and was constructed of stainless steel. Conflicting reports indicate that 
this tank is buried either 1.5 or 6.1 m (4.9 or 20 ft) below ground level. The 3785-L (tOOO-gal) 
tank was used from 1957 to 1961 to collect condensate from the HRT waste evaporator cell in 
Building 7502. The tank's contents were sampled periodically;.' depending on the level of 
radioactivity, the waste was either discharged to the HRT Pond or transferred to the 45,420-L 
(12,OOO-gal) tank for recycling. The 3785-L (lOOO-gal) tank was remoyed from service in 1961. 
and no releases from this unit are known to have occurred. 

The 45,420-L (12,OOO-gal) tank is located -4.6 m (15 ft) north of the HRT Pond's cap and 
was constructed of steel. This tank is buried -4.6 m (15 ft) below ground level. The 45,420-L 
(12,OOO-gal) tank was originally used to store high-level HRT waste prior to shipment to the 
evaporator loading pit. After the HRT was decommissioned, the NSPP used the 45,420-L 
(12,000-gal) tank for disposal of depleted uranium. The principal contaminants associated with 
wastes stored in this tank are believed to be wSr, mCs, and transuranics, with lesser amounts of 
uranium and plutonium isotopes combined with various short half-life radionuclides. A spill was 
reported to have occurred at the 45,420-L (12,OOO-gal) tank site during a transfer of LLW. Soil 
samples in the vicinity indicated the presence of wSr and mCs contamination. The 45,420-L 
(12,OOO-gal) tank was removed from service in 1986. 

3.10.2 Characterization of Groundwater Contamination 

3.10.2.1 Groundwater monitoring system 

The groundwater monitoring system in WAG 9 includes nine water quality wells installed 
around 1970, four monitoring wells installed in 1985, seven piezometers installed in 1987, and 
two additional monitoring wells installed in 1990. The nine water quality wells were installed 
around the perimeter of or through the asphalt cap of the HRT Pond and were constructed of 
perforated well casings fitted with pointed drive shoes. The four monitoring wells were also 
installed around the perimeter of the HRT Pond and were constructed of 7.6-cm (3-in.) 10 
fiberglass casing and screens. Sandpack was placed around the screens, and a bentonite seal was 
placed above the sandpack. The remaining annulus was grouted, and each well was completed 
with a protective casing set around the well riser pipe. The piezometers were constructed of 5-cm 
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(2-in.) ID PVC casing and screens and were constructed in the same manner as described for the 
fib'erglass wells. 

The two additional monitoring wells at WAG 9 were installed as part of a groundwater 
quality monitoring well installation program at ORNL. These wells were constructed of 5-cm 
(2-in.) lD stainless steel casing and screens. The remainder of the well construction was the same 
as described for the piezometers and fiberglass wells. Each well was completed with a steel 
protective casing, locking cap, steel guardposts, and a concrete pad. The locations of the 
monitoring wells or piezometers within WAG 9 for which groundwater quality data were 
evaluated for this summary are presented in Fig. 3.25, and a summary of the total depths for 
these installations is presented in: Table 3.9. 

3.10.2.2 Contamination nature and extent 

Two principal source documents were used to develop an understanding of groundwater 
contamination within WAG 9. These documents were the Preliminary Geohydrologic Site 
Characterization and Proposed Water Quality Well Locations for WAGs 7, 8, and 9 (Energy 
Systems 1987b), and the Oak Ridge Reservation Environmental Repon for 1991 (Energy Systems 
1992b). The Preliminary Geohydrologic Site Characterization report summarized results for c;' 

samples collected in May of 1985 from the four monitoring wells installed around the perimeter :.:, 
of the HRT Pond. The principal groundwater contaminants detected in all four wells were 9OSr, 
tritium, gross alpha, and gross beta. Activities of these contaminants were found to range from 
0.26 to 540 Bq/L for 9OSr, 20 to 370 Bq/L for tritium, 0.10 to 5.6 Bq/L for gross alpha, and 
3.5 to 950 Bq/L for gross beta. Chromium was also detected in MW -4 at a concentration of' 
59.1 p.g/L. The most significant finding of the sampling was the occurrence of radionuclide 
contamination in MW -1 located upgradient of the HRT Pond, which suggested that contaminants 
from other facilities or sources within or upgradient of WAG 9 may have migrated to this ... 
sampling point. 

The Oak Ridge Reservation Environmental Repon for 1991 (Energy Systems 1992b) 
summarized results for groundwater samples collected during June of 1991 from the two 
groundwater quality wells at WAG 9. Well 1096 is located along the eastern boundary of 
WAG 9 and was found to be contaminated by total strontium and trichloroethene at 
concentrations of 26 Bq/L and 6 ILg/L, respectively. Well 1097 is located near the southeast 
boundary of WAG 9 and was found to be contaminated by total strontium at ~ concentration of 
24 Bq/L. Based on the data evaluated for WAG 9, strontium appears to be migrating across the 
site and exiting at least along the east-southeast boundaries. The source of this strontium would 
be presumed' to be the HRT Pond area. However, WAG 9 also appears to be a source of tritium 
groundwater contamination, and possibly trichloroethene, which mayor may not have migrated 
beyond the WAG boundaries. . 

3.11 WAG 10 

3.11.1 Site Location, Description, and Background 

WAG 10 is located in Melton Valley and consists of four SWMUs associated with the 
hydrofracture waste injection ac~ivities previously conducted at ORNL. Each of the SWMUs in 
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Table 3.9. Summary of WAG 9 groundwater monitoring system wells 

Well no. Total depth (ft) 

HRT pond weUs 

1109 (HRE-l)" 29.70 

1110 (HRE-2) 24.90 

1111 (HRE-3) 24.70 

1112 (HRE:4) 24.70 

Groundwater quality wells 

1096 23.20 

1097 . 17.80 

'Well alias in parentheses. 

WAG 10 consists of the injection well and subsurface grout sheets at the following locations: the 
Hydrofracture Experimental Site 1, the Hydrofracture Experimental Site 2, the"Old Hydrofracture 
Facility. and the New Hydrofracture Facility. Details concerning the activities conducted at the 
H ydrofracture Experiment Sites 1 and 2 were previously discussed in Sect. 3.8.1.13 and 
Sect~ 3.9.1.14, respectively. 

WAG 10 is significantly different from the other subject WAGs in that the grout sheets are 
located at depths of between 91.5 and 305 m (300 and 1000 ft) below the ground surface. These 
grout sheet are thin [2.5 cm (I-in.)] layers of solidified, cement-based LLW slurry that was 
injected into subsurface fractures. The geologic formation used for the injections at all four 
hydrofracture locations was the Pumpkin Valley Shale, which is the lowest formation in the 
Conasauga Group. The slurry constituents were selected and formulated to produce a solid 
product that would retain the radionuclides in the LLW. Using this technique, it was believed 
that the radionuclides would be retained in the grout and would not be subject to groundwater 
transpon. 

3.11.1.1 Old Hydrofracture Facility 

The Old Hydrofracture Facility was commissioned in 1963 and was removed from service 
in 1980. This facility served as a pilot plant to demonstrate the feasibility of permanent disposal 
of LLW in impermeable shale formations using hydrofracture methods. The waste injection well 
at this site was installed within a borehole drilled to a depth of 320 m (1050 ft) below the ground 
surface. Injections of grout and water were made at intervals from 239 to 301 m (782 to 988 ft). 
Waste injected at this facility was evaporator-concentrated LLW transferred from the Bethel 
Valley waste storage tanks. During the operation of this facility, 7 experimental injections and 
22 operational injections were conducted. Following each waste injection, the cased observation 
wells surrounding the facility were logged to determine the extent and orientation of the grout 
sheets. The sheets formed in different directions along bedding planes; however, there was no 
evidence that any of the sheets extended more than 183 m (600 ft) from the injection well 
location. 
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The volume of grout injected totaled 8,705,500 L (2,300,000 gal), which contained 
40,000 Ci of I1OSr ; 609,000 Ci of mCs; 233 Ci of 244Cm; 5.8 Ci of transuranics; and other 
unidentified radionuclides. No reported surface releases of grout occurred at the facility with the 
exception of an incident in which it was necessary to divert grout to the Old Hydrofracture 
Facility Waste Pit untii it could be retrieved and pumped down the injection well. Additional 
information concerning this incident was previously discussed in Sect. 3.6.1.3. 

3.11.1.2 New Hydrofracture Facility 

The New Hydrofracture Facility was commissioned 'in 1982 arid was removed from service 
in 1985. This facility was constructed to replace the Old Hydrofracture Facility and served as 
the operational LLW waste disposal system for ORNL. The waste injection well at this site was 
installed within a borehole drilled to a depth of 338 m (1107 ft) below the ground surface. 
Injections of grout were made at intervals from 302 to 326 m (990 to 1069 ft). Waste injected 
at ~is facility was concentrated LLW and sludge removed from the gunite tanks in the South 
Tank Farm. During the operation of this facility, 1 experimental injection and 13 operational 
injections were conducted. The volume of grout injected totaled 10,976,500 L (2,900,000 gal), 
which contained 644,000 Ci of I1OSr, 83,800 Ci of mCs, 7500 Ci of 244Cm, 2100 Ci of 
transuranics, and 13,300 Ci of other radionuclides. No reported surface releases of grout 
occurred at the facility. 

3.11.2 Characterization of Groundwater Contamination 

The primary reference used to obtain information concerning groundwater contamination 
related to WAG 10 waS the ReM Facilities Assessment for Oak Ridge National Laboratory 
(Energy Systems 1987c). This document indicated that three deep monitoring wells were 
installed at the New Hydrofracture Facility in 1984. Two of these wells were found to be 
contaminated with radiological constituents ranging from 94,000 to 400,000 Bq/L at 
approximately the same depths at which some of the New Hydrofracture Facility grout sheets are 
located. The document also noted that there is no information to suggest that the radiological 
contamination detected in the monitoring wells has migrated from the grout sheets to surface 
streams within the ORNL area. 

3.12 WAG 12 

3.12.1 Site Location, Description, and Background 

WAG 12 is located in Melton Valley and is the location of the Closed Contractors' Landfill, 
which is the only SWMU located at this site (Fig. 3.1). WAG 12 is located -2.3 km (1.4 miles) 
east-southeast of the main ORNL plant site and is -1.2 ha (2.9 acres) in size. The landfill 
functioned as the disposal point for ORNLcontractors' construction' and demolition waste from 
1950 until 1975, when disposal was stopped and the site was graded level and seeded. Estimates 
of the amount of material buried at the site range from -765,000 to 1,300,500 m3 (1,000,000 
to 1,700,000 fi3). However, no waste-specific records were kept on the landfill operation, and 
no administrative controls were maintained on the nature of the waste being buried. As a result, 
construction waste sent to the landfill probably included such items as empty paint cans and other 
similar debris that could have included small amounts of hazardous waste. 

93-140P/082294 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3-81 

None of the existing documentation indicates that WAG 12 represents a release source of 
either radioactive or hazardous materials. Aerial radiation surveys and walkover radiation 
surveys have not detected radiation levels above background. Also, no visible leakage or seeps 
have been observed or documented. 

3.12.2 Characterization of Groundwater Contamination 

None of the available reference documents reviewed contained information concerning 
investigation of groundwater contamination related to WAG 12. . 

3.13 WAG 17 

3.13.1 Site Location, Description, and Background 

WAG 17 is located in Bethel Valley -945 m (3100 ft) east of the main ORNL plant area 
and is composed of -9.3 ha (23 acres) (Fig. 3.26). The facilities in this WAG·constitute the 
ORNL Services Area and include the shipping and receiving departments, machine shops, 
carpenter shops, paint shops, lead burning facilities, garage facilities, welding facilities, tritium 
facility, and the materials storage area. This area contains eight SWMUs; the Septic Tanki·for 
Building 7000, Waste Oil Storage Tanks at 7002W, 7009E, 7075, 7021, and 7030E, and 
Photographic Reproduction Waste Storage Tanks at 7075A and 7075B. WAG 17 also contains . 
one documented leak site involving the release of gasoline at an underground tank. 

3.13.1.1 Septic Tank for Building 7000 

This below-grade concrete tank is located west of Building 7000 and has a capacity of 
147,615 L (39,000 gal): The tank was formerly used as a septic tank, but is now used as a 
collection vessel for the pumping station that pumps waste to the Bethel Valley treatment system. 
The tank has operated from 1959 to the present with no history of leaks or releases and 
reportedly receives only domestic sewage. 

3.13.1.2 7002W Waste Oil Storage Tank 

This tank is located above ground and is west of Building 7002. It is constructed of steel 
with a capacity of 9463 L (2500 gal) and has operated from 1984 to the present for waste oil 
storage. There are no records indicating that the tank has been used to store hazardous materials 
or radionuclides; however, the contents of the tank have not been analyzed. To date, there have 
been no documented releases from this unit. 

3.13.1.3 7009E Waste Oil Storage Tank 

. This tank is located below ground and is west of Building 7033. It has a capacity of 
18,925 L (5000 gal) and has operated from 1975 to the present for waste oil storage. There are 
no records indicating that the'tank has been used to store hazardous materials or radionuclides; 
however, the contents of the tank have not been analyzed. To date, there have been no 
documented releases from this unit. . 
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3.13.1.4 7075 Waste Oil Storage Tank 

This tank is located below ground and is east of Building 7020. It has a capacity of 
15,897 L (4200 gal) and was installed in 1982. It is presently used to store waste oil 
contaminated with tritium. No data are available regarding the presence of hazardous 
constituents. The tank is reportedly full, and no releases have been reported from this unit. 

3.13.1.5 7021W Waste Oil Storage Tank 

This tank is located above ground and is west of Building 7021. It is constructed of steel 
and reportedly has a capacity of 1817 L (480 gal), although its dimensions suggest that it could 
contain as much as 2884 L (752 gal). The tank was installed in 1983 and is currently being used 
to store waste oil. There are no records indicating that the tank has been used to store hazardous 
materials or radionuclides; however, the contents of the tank have not been analyzed. To date, 
there have been no documented releases from this unit. 

3.13.1.6 7030E Waste Oil Storage Tank 

This tank is located above ground at Building 7036. The tank is mounted on a vehicle and 
has a capacity of 4164 L (1100 gal). It began operating in 1975 and continues to be used to'store 
waste fuel oil and reportedly PCBs. There are no reports indicating that radionuclides have been 
stored in this unit, and no releases have been reponed from the unit. 

3.13.1.7 7075A and 7075B Photographic Reproduction Waste Storage Tanks' 
~, 

These tanks are located above ground east of Building 7020 at the same site. Both tanks are 
constructed of fiberglass and are mounted on diked concrete pads. The 7075A tank lias a 
capacity of 11,355 L (3000 gal), and the 7075B tank has a capacity of 7570 L (2000 gal). Both 
tanks are presently active and used to store photographic waste. which is periodically trapsferred 
to the silver recovery facility in Melton Valley. The chemical composition of both tanks' 
contents is not known, but it is presumed to exceed the characteristic waste standard for silver 
in an aqueous phase. No leaks or spills from either of these units have been reponed: 

3.13.1.8 Gasoline Leak Site at Underground Tank 

The underground leaking gasoline tank is located along the main access road to WAG 17 
northeast of Building 7005. This tank has a capacity of 31,415 L (8300 gal) and was most 
recently used for the storage of unleaded gasoline. It was abandoned in August 1986 after 
leakage was detected in June 1986. 

3.13.2 Characterization of Groundwater Contamination 

3.13.2.1 Groundwater monitoring system 

The groundwater monitoring system in and around WAG 17 includes 24 piezometers 
installed in 1986 or 1987 and 8 monitoring wells installed between 1989 and 1990. The 
piezometers were constructed of 5-cm or 10-cm (2-in. or 4-in.) ID PVC casing and screens. 
Sandpack was placed around the screens, and a bentonite seal was placed above the sandpack. 
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The remaining annulus was grouted, and each piezometer was completed with a cap and 
protective cover. 

The monitoring wells at WAG 17 were installed as part of a groundwater quality monitoring 
well installation program at ORNL. These wells were constructed of 5-cm or 10-cm (2-in. or 
4-in.) ID stainless steel casing and screens. The remainder of the well construction was the same 
as described for the piezometers. Each well was completed with a steel protective casing, locking 
cap, steel guardposts, and a concrete pad. The locations of the monitoring wells or piezometers 
within WAG 17 for which groundwater quality data were evaluated for this summary are 
presented in Fig. 3.27, and a summary of the total depths for these installations is presented in 
Table 3.10. 

3.13.2.2 Contamination nature and extent 

The principal source document used to develop an understanding of groundwater 
contamination at WAG 17 was the Oak Ridge Reservation EnvironmenJal Report for 1991 
(Energy Systems 1992b). The environmental report summarized results for groundwater samples 
collected during April 1991 from the eight groundwater quality wells located along the east and 
west boundaries of the WAG. Several volatile organic contaminants were detected in samples 
collected from Well 1201: 1,I-dichloroethene, benzene, tetrachloroethene, trichloroethene, and 
vinyl chloride. Concentrations of these contaminants ranged from 21 ILg/L for benzene to 1200 
ILg/L for trichloroethene. Well 1202 was also found to contain trichloroethene contamination at 
a concentration of 13 ILg/L. Subsequent sampling conducted during April 1992 found similar 
concentrations of the same contaminants in Well 1201. However, trichloroethene contamination 
in Well 1202 was absent, and trichloroethene not previously detected in Well 1203 was 
encountered at 53 ILg/L. 

Based on the historical information and analytical sampling results reported for WAG 17, 
the source and release mechanism for trichloroethene contamination within the WAG has not been 
identified, and the extent of groundwater contamination associated with trichloroethene and its 
degradation products has not been defined. 

3.14 WAG 19 

3.14.1 Site Location, Description, and Background 

WAG 19 is located southeast of the main ORNL plant area in the vicinity of WAG 12 
(Fig. 3.1). This WAG contains six SWMUs that represent ORNL's hazardous waste treatment 
and storage facilities. WAG 19 is broken up into two separate geographic clusters of facilities; 
the first cluster is located east of WAG 12, and the second is located south of WAG 12. The 
first cluster includes four permitted hazardous and mixed waste storage units; the second cluster 
includes two interim status units that treat and/or dispose of reactive or gaseous hazardous wastes. 
No releases of hazardous materials (chemical or radionuclide) have been reported at any of the 
SWMUs located in WAG 19. All of the facilities have been designed to contain any spills or 
leaks that occur from the waste containers handled or stored at the facilities. 
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Table 3.10. Summary of WAG 17 groundwater monitoring system wells 

Well no. Total depth (ft) 

Groundwater qUillity wells 

1196 18.30 

1197 49.00 

1198 43.30 

1199 73.00 

1200 40.00 

1201 48.00 

1202 20.30 

1203 18.00 . 

3.14.2 Characterization of Groundwater Contamination 

None of the available reference documents reviewed contained information concerning 
investigation of groundwater contamination related to WAG 19. 
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4. GROUNDWATER MODELING, AND CONTAMINANT FATE AND 
TRANSPORT INVESTIGATIONS 

Groundwater modeling and contaminant fate and transport investigations are related activities 
since both are used in tandem to analyze the migration of contaminants in the groundwater 
system, and both must be considered in proposing and designing any remedial actions for 
groundwater contamination. In this characterization plan groundwater modeling is addressed at 
two scales of resolution: a regional scale that for the ORNL site is defined as the Bethel Valley 
and Melton Valley portions of the total GWOU area, respectively, and a local scale that would 
be higher resolution for areas on the order of individual contaminant source WAGs. 

4.1 GROUNDWATER FLOW AND CONTAMINANT TRANSPORT MODELING 

It is expected the groundwater flow and contaminant transport modeling will playa key role 
in characterizing the GWOU. Model results will be used to aid investigators in their 
understanding of the site hydrologic regime, and will guide other remedial investigation activities. 
The models will be used to address the following overall objectives: 

• resolve questions about the depth of the active flow system and the potential for off-site 
transport via the deep system; 

• facilitate refinement of the site conceptual hydrologic model. by testing current ideas against 
field data (history matching); 

• improve our understanding of the relative importance of factors controlling fluid flow and 
contaminant migration (fracture flow, matrix diffusion, lithologic controls, etc.); 

• determine the impact of scale on model applications (degree of detail required, boundary 
conditions, etc.); 

• provide a means for evaluating the performance of remedial alternatives and support 
contaminant source WAG remedial alternatives selection; 

• develop models which more accurately represent/account for known geometry, lithologic and 
structural properties, and flow and trarisport processes; 

• provide a predictive capability for justifying well locations, based on what we expect to see 
from model output, and refinement of that capability through history matching; 

• ' . provide the front-end model to incorporate into cost-benefit decision analysis for optimizing 
monitoring and remedial activities; and 

• provide combined groundwater flow and contaminant transport modeling capability to predict 
long-term migration of groundwater COPCs, to define the uncertainties inherent in such 
model predictions, and to quantify the uncertainties in such model predictions. 
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Several modeling activities already planned by ORNL staff that are in progress address some 
of the key objectives identified for the GWOU modeling activities. The GWOU investigations 
will interface with other modeling groups and activities to allow maximum utilization of resources 
and to avoid duplication of effort. These group interfaces include data and resource sharing with 
the ORR Hydrologic 'and Geologic Studies (ORRHAGS), the High Performance Computing 
Center (HPCC), and focused local efforts within the GWOU and elsewhere on the ORR. The 
ORRHAGS team is currently supporting several modeling activities and investigations relevant 
to the GWOU objectives, such as geochemical modeling, analysis of the effects of density-driven 
flow, isotopic dating of groundwater, and comparison of fracture flow and porous media models. 
HPCC provides support for model development including generation of numerical codes capable 
of rapid model execution for the extremely large modal arrays required for regional scale 
problems being addressed at this site. 

Modeling objectives will be addressed through the development and use of both regional and 
local scale models. Regional models will allow an examination of large scale processes, 
interactions between the shallow and deep flow systems, analysis of flow system boundary 
effects, and the impact of regional dynamics on local flow systems. Local-scale models 
(including contaminant source WAGs individually or in local combinations) will allow 
incorporation of greater detail for studying site-specific questions and testing· remedial 
alternatives. Local-scale models will also allow examination of processes, such as the effects of 
fractures and lithologic . controls on flow, which cannot be incorporated into regional models . 
efficiently. 

The following sections describe the specific objectives and modeling activities that will 
address those objectives for both scales of investigation. Model resources for both scales are 
identified and described in the final section. 

4.1.1 Regional Models 

4.1.1.1 Objectives for regional models 

1. Determine the base of the active flow system and assess the potential for off-site transport 
of contaminants via the deep system. 

Determination of the base of the active system will allow investigators to set an appropriate 
base for regional flow models and will be used to limit the depth of investigation for monitoring 
and remedial activities. Several studies are currently ongoing in the ORRHAGS group that will 
provide data for improved model calibration. These studies include an investigation of brine 
occurrence and chemistry throughout the ORR that will help delineate the base of active 
freshwater circulation. The GWOU investigations must utilize this information and support the 
completion of such characterization studies to achieve the . objective of determining the base of 
active groundwater flow. Additionally, surface geophysical measurements may prove useful to 
locate the sharp salinity interface associated with the brine layer observed in parts of the ORNL 
GWOU. Use of the geophysical method for mapping the salinity interface requires method 
testing and calibration before areal mapping is feasible .. Chapter 6 of this characterization plan 
includes discussion of the use of surface geophysical methods for brine zone mapping. As 
geophysical and direct measurements of the" brine zone progress, flow models can be used to 
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estimate flux rates and residence times for assessing the contaminant transport potential of the 
deep system. 

2. Assess the impact of the regional flow system on local flow regimes to guide choice of 
appropriate boundary conditions in local models. 

The development of local models usually involves establishing boundary conditions based 
on local surface divides with assumptions that the local flow regime is somehow isolated from 
regional effects. These assumptions may lead to poor calibration of local models and significant 
errors in flux and water balance calculations. Through development and calibration of regional 
models, boundary conditions can be chosen based on groundwater divides within a regional 
context, reducing the uncertainty associated with the assumption of isolated local systems. In 
addition, sensitivity analysis can be performed on regional models to test the sensitivity of local 
boundary conditions to uncertainties in input parameters.' 

3. Provide a means for testing scale differences through comparison with local scale models. 

The use of numerical models requires assigning average parameter values over discrete 
regions that may includ~ a single grid block or hundreds of grid blocks. The ability to distribute 
parameter values and incorporate heterogeneities is limited by the size of the grid, the density-"of 
data for calibration, computational time, memory allocation, and adequate field data for 
development of the conceptual modeL Generally, a balance is struck between incorporating 
enough detail for the specific model application, while allowing enough generality to efficiently 
calibrate and apply the model. One means for testing the impact of scale. in addition to the 
previously descri~ objective is to compare regional and local scale models where they overlap. 
One such model comparison is currently being completed for WAG 6 and will provide 
information that can be applied to other local modeling activities within the GWOU. 

4. Test and refine the site conceptual model. 

At the site-wide or regional scale, the conceptual model of groundwater flow, as 
incorporated into computational models, incorporates large scale features such as major flow 
system boundaries, recharge and stormflow concepts, vertical hydraulic conductivity contrasts, 
and water budget. At the local scale, the conceptual model and computational implementation 
of groundwater modeling incorporating local geologic controls on groundwater flow (e.g., 
cavities and conduit flow) and hydrogeologic heterogeneity along with contaminant transport 
attenuating properties, such as matrix diffusion and, Kd, have significant application. 

At the regional scale (Bethel Valley and Melton Valley scale), the conceptual model for 
groundwater flow and solute transport incorporates the components of: 

-areal recharge with seasonal variations controlled by variations in precipitation patterns and 
seasonal variations in evapotranspiration; 

- vadose processes that tend to damp or attenuate the flux of water that actually reaches the 
water table as recharge; and 
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• groundwater flow from higher topographic areas toward lower topographic areas with flow 
pathways and flow- and transport-controlling parameters (hydraulic conductivity, 
dispersivity, retardation) modified by the general geologic structure and lithologic variations 
as defined at the geologic formation scale and by depth below the ground surface or 
elevation . 

. The site hydrologic and geologic conceptual model provides the basis for our understanding 
of contaminant transport processes and, therefore, drives the schemes for monitoring 
contaminants and mitigating their migration. As such, refinement of our understanding of the 
site hydrology must be an essential component in the characterization of ORNL groundwater. 
Regional models will provide a means for testing large scale processes and aquifer properties 
through calibration of steady-state and transient three-dimensional saturated models. These 
models will, in tum, help to identify data gaps to direct field measurements. In this way, the 
conceptual and computational models will be updated. 

Regional groundwater models on the ORR have all indicated recharge occurs on the ridges 
only, which is an unrealistic distribution. Several explanations for this result will be considered 
in future modeling. Because the regional model only accounts for the saturated zone, it is 
possible that the model is showing recharge to the deep system only and that this does occur from 
the ridge tops. Smaller scale saturated/unsaturated models will be used to test this hypothesis. 
Alternatively, a more complex permeability distribution could change the modeled recharge 
pattern. This effect could be tested by regional fracture flow modeling. 

Examples of how three-dimensional regional modeling is necessary for site-wide flow system 
delineation include: 

• The need at ORNL to evaluate whether strike preferential flow could be caused by 
anisotropy or by discharge to cross:.cutting streams. Anisotropy in all three dimensions must 
be considered to address this question. 

• The need to address the question of whether or not the ridges (Haw Ridge and Copper 
Ridge) act as groundwater divides for the deep flow system, as suggested by the site 
conceptual model; or if there is significant underflow that would provide a means for 
groundwater transport of contaminants off site in presently unidentified and nonmonitored 
pathways. 

5. Provide a front-end model to incorporate into cost-benefit decision analysis for optimizing 
monitoring and remedial activities. 

With the high cost of implementing monitoring and remedial activities, it is increasingly 
important to analyze the cost of these activities against the anticipated benefit, as discussed earlier 
in this section. A regional groundwater flow model is an essential component of hydrogeologic 
decision analysis. At the regional scale, decision analysis could be used to evaluate the worth 
of existing data points for well plugging and abandoning activities and· for locating new 
piezometers and water quality wells to address regional questions. 
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4.1.1.2 Activities for regional modeling 

In order to address these objectives, two broadly defined activities have been identified. 

I. The first requirement is the development of regional-scale models that cover all of the 
GWOU. Efficient calibration and utilization will be achieved by the development of separate 
models for Melton and Bethel Valleys utilizing the same code. The three-dimensional 
saturated model developed for western Melton Valley (West and Toran 1992) has been 
expanded to incorporate the eastern portion of Melton Valley. This activity, supported by 
PICS on the ORNL massively parallel computer (supercomputer), is nearly complete. The 
regional-scale model for Bethel Valley must be created. The Bethel Valley model will utilize 
the same numerical code and gridding scheme as the Melton Valley model so that portions 
of these models can be tied together as needed. The Bethel Valley model will also require 
use of the supercomputer. 

. 2. The second requirement is the preparation of transient data sets defining seasonal and event 
related variations in groundwater levels and head pressures for use in calibration of the 
regional-scale models to. the dynamic character of the hydrologic cycle at the ORR. 
Calibration of the regional models will be improved by the development of three-dimensional 
saturated transient models and history-matching to time series water level and flux data. 
Development of the transient model for Melton Valley is planned for FY94. Calibration 
of these models will also be improved through the use of inverse modeling techniqueS that 
provide a better estimation of the values and distribution of aquifer properties. 

These early models will utilize P-FEM, a version of 3DFEMWATER (Yeh 1987) that was 
optimized for use on the supercomputer. P-FEM is a porous media code and requires that the 
effects of fracture flow be simulated by anisotropy. The advantage of this code over a fracture 
flow code is that it is simpler to apply and is adequate for estimating regional flow characteristics. 
The disadvantage is that it will not simulate discrete fracture flow paths or transport times. The 
development of local scale fracture flow models, described later, will lead to the development of 
regional fracture flow models in the future. 

4.1.2 Local Models 

4.1.2.1 Objectives for local models 

1. Determine the relative importance of controls on fluid flow and contaminant migration such 
as fracture flow, strata-bound flow, and matrix diffusion. 

The greater detail afforded by local-scale models will allow a closer exatnination of the 
relative importance of geological and structural. controls on .groundwater flow patterns and, 
ultimately, on the fate and transport of contaminants. These detailed models will provide the 
framework for developing and testing remedial alternatives. Of particular importance is the 
incorporation of fracture flow into these models to allow more accurate simulation of contaminant 
transport pathways and incorporation of matrix diffusion processes.· 
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2. Test and refine the site conceptual model. 

At the local model scale (individual contaminant source WAG), the conceptual model of 
groundwater flow and contaminant transport incorporates: 

• local recharge with variations related to vegetative cover type or presence of hydrologic caps 
and soil type, as well as seasonal variations described for the regional scale models; 

• local scale stormflow and vadose processes related to the amount of site soil profile 
modification cause by waste disposal activities, capping, and vegetative patterns; and 

• groundwater flow from upland recharge areas toward lowland discharge areas incorporating 
the effects of. flow through waste disposal units, vadose materials, and within the 
groundwater zone inCluding local detailed information on geologic structures, detailed 
lithologic distribution, matrix material characteristics, and conventional contaminant 
retardation mechanisms. 

Detailed examination of the site conceptual model can be accomplished using local models. 
Shallow effects such as stormflow, and local heterogeneities such as waste disposal trenches, can 
be accommodated in these local models that will ultimately provide the tools for testing specific 
remedial alternatives. Determination of local controls on groundwater flow and contaminant 
transport and establishment and use of local-scale models are essential to successful remediation .. 

3. Provide a means for testing scale differences through comparison with regional models. 

As described in the previous section, comparative studies between local and regional models 
will be performed to assess, the effects of grid size and local boundary conditions on model 
output. 

4. Provide front-end models to incorporate into cost~benefit decision analysis for optimizing 
monitoring and remedial activities. 

Hydrogeologic decision analysis needs to be applied at both the local and regional scales. 
At the local scale, decision analysis can be applied to optimizing monitoring networks and to 
assessing the worth of remedial alternatives in . terms of reduction of risk based on model 
predictions. 

4.1.2.2 Activities for local models 

Establishing a capability for consistent local-scale models within the ORNL GWOU requires 
testing and development of . appropriate tools for detailed site modeling .in .the environment of the 
ORR, defining the input data requirements for the chosen model, determining the appropriate 
local model boundaries, and obtaining calibration data sets for the model area. A strong interface 
exists between the ORNL GWOU and the contaminant source WAGs in the areas of groundwater 
system characterization and data collection.· This strong interaction will allow the GWOU 
modeling activities to dovetail with the overall ORNL ER Program ' ,priorities for RIIFSs at 
various contaminant source WAGs and OUs 'throughout the complex. 
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The local-scale modeling activity for ORNL begins with the development of a generic site 
model using FRAC3D, a fracture flow and solute transport code developed by Therrien and 
Sudicky (1993) at the University of Waterloo. This generic model will serve as a training vehicle 
and starting point for development of site-specific models. The performance and usability of this 
model will be tested through application at an existing groundwater contaminant plume site at 
ORNL. Potential model test sites include the Trench 7 in WAG 7 and the Corehole 8 plume in 
WAG 1. These activities are envisioned as a cooperative effort involving both GWOU and 
ORRHAGS resources. 

Depending on the success of the Beta test for FRAC3D, it is anticipated that many of the 
site-specific models will be developed utilizing this code due to its ability to incorporate many 
of the complexities inherent in the flow and transport system at the ORR. 

Several initial tasks required for local-scale modeling have been identified and are described 
as follows: 

• Evaluation of the role of stormflow on local water budgets and flow systems. To examine 
details of the shallow system, a two-dimensional stormflow model is currently under 
development and is scheduled to be completed in FY94. This model is being developed for 
a cross section through WAG 6 and will be further calibrated using field data that will be 
collected in FY94 as part of the WAG 6 environmental monitoring program. Output from 
this model will provide verification of the distribution of subsurface flow as proposed by the 
site conceptual model. 

• Evaluation of the effect of model grid scaling and selection of boundary conditions within 
the regional model context. All local models will need to be compared to and developed in 
conjunction with regional models to assess the appropriateness of local boundary conditions. 
The impact of scale is currently being evaluated as part of the WAG 6 modeling activities 
for FY93 and FY94. A local model to support engineering design was developed by 
Environmental Consulting Engineers for the WAG 6 area using 3DFEMW A TER. Water 
budgets. boundary fluxes, and calibrated "heads are being compared with those from the 
Melton Valley regional model to identify differences. This effort will provide information 
critical to the development of other local models as part of the GWOU activities . 

• Evaluation of the role of geologic structures on groundwater flow and modeling. An 
understanding of the relative importance of structural controls and media properties on flow 
characteristics will be accomplished by comparison of the output from porous media and 
fracture flow models. These comparisons will need to be made at the local level initially, 
as the fracture flow models will first be developed at that scale. The results of these 
comparisons will drive decisions about the need to incorporate fracture flow into regional 
models. Some of these comparative activities willbe.addressed as part of the ORRHAGS 
modeling activities for FY94. 

Following development of the local models, their primary uses will be to support site 
characterization and· to support· development and testing of remedial alternatives. The 
development and calibration of local models for individual WAGs will support site 
characterization by providing information about local flow patterns and contaminant transport 
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pathways. Additional data needs will be identified and model results will be incorporated into 
the development of site characterization and monitoring strategies. 

As described above, greater detail can be incorporated into local models and it is anticipated 
that site-specific models will be used to develop and test remedial alternatives. In using these 
models for predictive purposes, it must be remembered that these predictiOns carry with them 
substantial uncertainty. Validation is an indication of the ability of the model to match historical 
data under historical conditions and should not be construed as the ability of the model to predict 
future behavior under future conditions. Nevertheless, well calibrated models can provide a 
means for first-order prediction of the response of the system to stresses, and iterative updating 
will improve the model's predictive capability. 

A key component of both site characterization and development of remedial alternatives is 
\ 

the incorporation of hydrogeologic decision analysis. All strategies for monitoring and 
remediation must be determined within the framework of cost versus benefit. 

4.1.3 Resources 

Several groundwater models currently exist and will be applied to GWOU modeling 
objectives. Those that will be directly applied include a regional three-dimensional steady state 
saturated groundwater model for Melton Valley (West and Toran 1992) and a smaller scale steady 
state saturated groundwater model for WAG 6 (ESI 1993). In addition, two-dimensional 
saturated/unsaturated transient groundwater models have been developed for WAG 6 (ESI 1993; 
Gwo 1992). These models will provide the basis for development of a three-dimensional 
saturated transient model for Melton Valley and a three-dimensional saturated/unsaturated steady 
state model for WAG 6 during FY94, as well as providing a template for development of a 
regional model for Bethel Valley. 

Numerous groundwater and solute transport codes are available at ORNL (Moore and Toran 
1992, Table 6). Those proposed for use in support of the GWOU modeling objectives primarily 
include the following: 

• 3DFEMW A TER: a three-dimensional saturated/unsaturated finite difference groundwater 
flow code for porous media (Yeh 1987). . 

• P-FEM: a version of 3DFEMW A TER adapted for massively parallel processing (Toran et 
al. 1992). 

• FRAC3D: a three-dimensional saturated/unsaturated finite difference groundwater and solute 
transport code for. porous and discretely-fractured porous media (Therrien and Sudicky 
1993). 

• HYDROGEOCHEM: coupled transport and geochemistry (Yeh and Tripathi 1990). 

The computational resources available for support of the GWOU modeling Objectives are 
considerable including ORNL VAXs, various ORNL"work stations, and the ORNL Center for 
Computational Science family of supercomputers. 
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4.2 CONTAMINANT FATE AND TRANSPORT INVESTIGATIONS 

4.2.1 Introduction 

Risk assessments for groundwater contaminants require use of either assumptions of 
contaminant transport parameters or development of site-specific data that can be used to perform 
more realistic modeling of the groundwater flow and transport system. In characterizing the 
ORNL GWOU, the intention is to develop site-specific data concerning the behavior of the 
COPCs in the local hydrogeologic environment. Historically, contaminant transport models used 
on site have relied upon either published data for adsorption coefficients for specific contaminants 
or have utilized batch test results to derive bulk Kd values. Neither approach provides data that 
are compatible with current knowledge of the nature of the groundwater flow systems at the 
ORR. These systems are characterized as fractured media having variable porosity and hydraulic 
conductivity. The weakness of previous transport modeling effons has been the use of 
hydrogeologic concepts and models that oversimplify the actual site conditions. Such 
oversimplification and use of crude estimates of contaminant sorption or retardation characteristics 
have often resulted in poor model calibration to observed contaminant plumes. 

As a part of verifying and strengthening the conceptual model of groundwater flow and 
contaminant transport at ORNL, investigations will be performed leading to a broader 
understanding of the factors that control the mobility of COPCs in the s'!lbsurface. These factors 
include: 

• Defining source concentrations for contaminant plumes that merit model analysis for long
term transport. At contaminant source WAGs that have site or remedial investigations, the 
source WAG groundwater investigations will perform these investigations. Sources in areas 
outside source WAG boundaries may be investigated directly by the GWOU ~ 

• Developing retardation mechanism characterization data compatible with the input 
requirements of fractured material models that will be used in local-scale models (including 
matrix porosity, COPC adsorption or retention in the matrix, and fracture orientation data). 

• Determining the variability and distribution of porosity in the subsurface. 

• Characterizing the general mineralogical components of the major stratigraphic units within 
the ORNL GWOU to enable more reliable geochemical modeling. 

Quantification of contaminant fate and transport mechanisms is an integral part of creating 
reliable groundwater contaminant transport models. Fate and transport investigations for ORNL 
groundwater characterization will be performed at the scale of the local groundwater models. 
Using the local. approach for contaminant fate and transport investigations allows maximum 
interfacing of the GWOU investigations with those of the contaminant source WAGs where 
higher spatial resolution will be incorporated in the modeling. Figure 4.1 shows a conceptual 
flow chart for the integration of groundwater flow and contaminant transport modeling at the 
local model scale .. This flow chart identifies the principal data requirements for a groundwater 
flow and contaminant transport modeling for the baseline risk assessment. The following sections 
describe the process that will be used to obtain the necessary fate and transport data in the ORNL 
GWOU. 
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Fig. 4.1. Conceptual now chart for conducting fate and transport modeling. 

t-.... 
o 

---------~--------~ 



I 
I 
I 
I 
I 
I 
I 
I 
I , 
I 
I 
I 
I 
,I 

I 
I 
I 
I 

4-11 

4.2.2 Contaminant Source Concentration 

Within the operating strategy in use at ORNL, the determination of contaminant source 
concentrations is a requirement for the principal contaminant source WAGs. The GWOU takes 
primary responsibility for modeling the long-term fate and transport of contaminants in the 
groundwater system and will use leachate composition derived from source WAG remedial 
investigations whenever available. The GWOU will characterize source concentrations for 
SWMUs not included in contaminant source WAGs and for secondary contaminant sources where 
needed. 

Determination of contaminant source concentrations is required for any realistic contaminant 
transport effort. Approaches to source concentration determination include: sampling and direct 
analysis of waste, sampling of existing leachate in contact with the waste, and solubility-based 
modeling of leachate based on data or information concerning the waste form. Wastes disposed 
at ORNL have been quite heterogeneous in their radiochemical composition and waste form. 
Data are not available to adequately define the leachate composition using the solubility limited 
approach. In some instances at ORNL, waste is sampled and analyzed to determine the waste 
and leachate composition. To date, this approach has been used to characterize sludges contained 
in tanks and for contaminated soil characterization. 

The volume and heterogeneity of solid low-level radioactive wastes disposed by shallow land 
burial at ORNL are large. The preferred method for determining contaminant source 
concentration for the groundwater pathway is by installation and sampling of drive point wells 
installed in saturated portions of waste disposal units. The advantages of this method over waste 
sampling and.direct analysis include greater worker protection by limiting exposure to potentially 
highly contaminated material, and the ability to identify those contaminants that are chemically 
mobile. The assumption, which underlies this approach to source term definition, is that at least 
some of all contaminants present have been released from their disposal containers and would be 
available for detection. 

4.2.3 Retardation Mechanism Definition 

Solute or contaminant retardation is a broad term as applied here including the mechanisms 
of chemical adsorption, ion exchange, matrix diffusion, and biodegradation. The task of defining 
the retardation mechanisms for use in fate and transport modeling within the ORNL GWOU 
includes identifying which mechanism(s) affect the mobility of each of the major COPCs present 
in each of the local-scale model areas. Retardation mechanism investigations will emphasize the 
behavior of major COPCs and those with very long half-lives (typically the alpha particle emitting 
radionuclides) because the long-term fate and transport analysis for these radionuclides may 
constitute limiting cases for the baseline risk assessment. The principal components of these 
retardation mechanism investigations include: 

• Perform a limited number of batch sorption/desorption tests on soil and bedrock materials 
to bracket batch Rd characteristics for the principal COPCs. Determination of the 
reversibility of these tests is important to create sorption/desorption isotherms to approximate 
the behavior of contaminant retardation as concentration fronts pass through the soil or rock 
material. 
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• Perform column tests on soil or saprolite and bedrock materials to determine the retardation 
characteristics of contaminants passing through natural features in the most undisturbed 
condition possible. Again, determination of the passage of concentration fronts through the 
columns is important to quantify the concentration and time dependence of retardation. 

4.2.4 Soil and Bedrock Porosity Determinations 

Porosity is a parameter which is important both for the unsaturated groundwater flow 
modeling and for the contaminant transport modeling. Because it involves primarily laboratory 
testing, porosity testing is addressed in Chap. 6. Porosity measurement methods useful for 
bedrock tests include gravimetric and volumetric analysis using water as the saturating fluid or 
mercury poisimetry. American Society for Testing and Materials (ASTM) methods are available 
for porosity measurement in soils. and column tests used for retardation mechanism tests may 
provide effective porosity data. 

The .purpose for quantifying porosity as part of the fate and transport investigations is to 
provide the necessary data documenting the variability and distribution of porosity throughout 
local-scale model areas to allow realistic groundwater flow and contaminant transport modeling 
of specific contaminant plumes or flow paths. A significant contrast in porosity between soil and 
bedrock has profound effects on the mobility of contaminants and on the modeling required for 
realistic site analysis. This distinction is compounded by contrasts in the retardation 
characteristics for COPCs because of chemical and mineralogical differences between soil and 
bedrock. 

A distribution of data will be obtained for each local-scale model area by testing soil samples 
obtained from well construction or from shallow test pits where appropriate and from rock core 
obtained from installation of additional multi-zone groundwater monitoring equipment. When 
feasible, existing bedrock core from the ORNL site will be utilized for porosity testing. 

4.2.5 Mineralogic Characterization 

Characterization of soil mineralogy will be necessary to assess the precipitation of 
contaminants from leachate that percolates through the soil column. To obtain data on the 
mineralogy long potential flow paths to the receptor, petrographic and X-ray diffraction studies 
will be conducted with selected uncontaminated samples obtained from the site. 

The number of samples and duplicates will be chosen during the site characterization study 
representing all of the different types of materials present beneath the ORNL site. Petrographic 
and X-ray diffraction results must agree for all minerals identified in the samples, and the relative 
percent of each distinct mineral in the samples must agree within ±20%. 

Petrographic studies will be conducted with oversized thin sections prepared for the site soil 
samples. All samples will be impregnated with an epoxy resin prior to the preparation of thin 
sections. Half of the area of all thin sections will be used to identify all mineral phases (e.g., 
clay, calcite, dolomite, quartz), and a point-counting technique will be used for quantification 
(e.g., 50% clay, 20% calcite, 10% dolomite, 8% quartz, trace zicron). 
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X-ray diffraction studies will be conducted to identify the clay minerals in the site soils. 
Samples used for X -ray diffraction studies will be sieved to separate the < 200-mesh size fraction. 
This size fraction will be placed in deionized water that contains a deflocculating agent and 
ultrasonically agitated to desegregate the particles. Centrifugation or settling tube will be used 
to separate the silt fraction (> 2 microns); the remaining clay suspension will be decanted into 
a vacuum filtration system to collect the clay fraction and orient the crystallites parallel to their· 
basal (001) d-spacing. The relative intensity of the principal d-spacing reflection of a clay 
mineral is used to semiquantify (± 20%) the proportion of clay mineral in a sample. An 
appropriate calibration standard (e.g., NBS Silicon d-spacing SRM-640b) will be run before and 
after the analysis of the samples to ensure instrument calibration. 
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5. RISK ASSESSMENT 

5.1 INTRODUCTION 

The ER program at ORNL has begun to develop a risk-based strategy for addressing 
environmental issues throughout the site. Major aspects of the strategy include: 

• support rapid reduction of risks to human health and the environment; 

• reduce contaminant releases off site; I 

• address the major sources of contaminant releases in a prioritized fashion, addressing sites 
of greatest concern (risk, regulatory, public) first; 

• identify source control action that results in a significant reduction of risks or contaminant 
flux, or may prevent .the spread of contamination that could lead to significant future risk; 
and . 

• collect data necessary to design, implement, and verify final remedies. 

This basic strategy has been translated into specific risk assessment strategies for individual 
WAGs. Much of the strategy is being implemented through ·the WAG 2 site investigation. 
WAG 2 is the surface water integrator at ORNL and the focus for implementing the strategy 
because it is assumed that at least 90% of the water flowing through the waste units at ORNL 
resurfaces in the surface water system. WAG 2 risk assessment support uses an Integration Point 
(IP) assessment to address sources that are currently contributing the most to off-site 
contamination through White Oak Dam. This method assesses risk at points in the surface water 
system that are strategically located to illustrate contaminant migration from major sources that 
contribute to contaminant flux over the dam. 

The conceptual model for the surface water flow system in the White Oak Creek watershed 
lends itself to the IP assessment. However, based on the definition' of the GWOU and on the 
current conceptual model for the groundwater system. a different type of risk assessment support 
is required for the GWOU. 

This section presents: 

• the current conceptual risk framework for the GWOU; 

• the outline of a general strategy for providing risk assessment support for decisions that will 
.. need to be made concerning the .GWOU over.an extended period. of time; and 

• a brief discussion of some general risk assessment methods that will be used during various 
stages of the GWOU. 
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5.2 CONCEPTUAL RISK MODEL 

A conceptual risk model has four major components: 

1. a contaminant fate and transport model (based on the conceptual hydrogeological model 
and information on each individual contaminant's tendency to partition into surrounding 
environmental media); 

2. a conceptual exposure model that describes current and future potential exposures to 
human and environmental receptors, and the point (geographical location) at which the 
exposure will occur (known as the exposure point); 

3. an understanding of the contaminants and their concentrations currently present in 
sources and surrounding environmental media, especially at the presumed exposure 
points; and 

4. a knowledge of the toxicity of the known contaminant, which is used to determine the 
major contributors to risk at the site. 

5.2.1 Fate and Transport 

It haS been estimated that at least 90% of the subsurface water on the site exits by means of 
the stormflow and water table interval zones and can be captured at existing surface water weirs. 
The conceptual model is not complete on the contaminant transport pathways to off-site receptors 
via groundwater in the intermediate and deep groundwater intervals. Currently, the model does 
not identify off-site migration of contaminants by groundwater and a resultant exposure to 
potential receptors. Groundwater in these intervals may flow directly to the Clinch River. 
However, the rates of flow are slow in these zones (10.5 to 10-7 cm/sec), and significant 
contaminant movement is unlikely. The conceptual hydrological and geological models for the 
GWOU are presented in Chap. 2. 

Section 4.2 describes the chemical-specific properties (e.g., decay, solubility, etc.) and 
mechanisms of contaminant fate and transport. 

5.2.2 Exposure Model 

The conceptual exposure model is presented in terms of land use with and without 
institutional controls. In general, one can equate current land use to land use with government 
controls. Future land use mayor may not include institutional controls. Because the GWOU 
risk assessment will focus on groundwater that does not resurface on site, only two major types 
of exposures are possible: those.that.result from groundwater feeding directly into the Clinch 
River and those occurring from intrusive human activities, such as constructing a well. 

It is too early in the CERCLA process in Oak Ridge to attempt to identify future land uses 
of the ORR. The strategic planning for future use of the government-owned property at ORNL 
is a continuing topic of discussion that likely will be resolved over time. It is probable that the 
results of several OU risk assessments and· cost-benefit analyses performed during feasibility 
studies will help derive the decisions concerning future land use. In the meantime, to aid the ' 
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future land-use decision process, it is assumed that multiple land use scenarios will be evaluated 
and that data collection activities should be directed under the assumption that future residential 
receptors could be either on or off site. 

5.2.2.1 Land use with institutional controls 

Currently, groundwater at the site is not being used as a potable or industrial water source. 
It is assumed that if institutional controls are maintained in the future, on-site groundwater will 
not be used. However, institutional controls cannot prevent on-site groundwater from migrating 

. to off-site groundwater or to the Clinch River. Currently, nine public water supply systems serve 
- 91 ,500 people within a 32-km (20-mile) radius of the ORR. The intake for Kingston is located 
on the Tennessee River at about 0.6 river km (0.37 mile) above the confluence of the Clinch and 
Tennessee rivers and about 34.1 river km (21.3 miles) below the White Oak Dam outfall. 
Sixteen public groundwater supplies are located within a 32-km (20-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, which serves 6700 people. Private single-family wells are common 
in adjacent rural areas not served by the public water supply. Most of the residential wells, other 
than those adjacent to the City of Oak Ridge, are south of the Clinch River. The nearest resident 
is - 3.7 km (2 miles) from the ORNL site. 

Potential exposure pathways by which a receptor may come into contact with contaminated . 
water include: 

:" ""f 

• ingestion; 

• dermal contact while. showering or bathing; 

• inhalation from household (showering and other) water use (volatiles only); 

• watering of livestock (with eventual uptake into meat and milk); and 

• ingestion of vegetables, meat, and milk if groundwater is used to irrigate vegetation, with 
eventual uptake into the meat and milk of livestock if groundwater is used to water livestock 
feed. 

5.2.2.2 Land use without institutional controls 

If the government releases control of the land in the future, the potential for exposures could 
change. Two likely land use scenarios are industrial and residential. Under the residential land 
use scenario, it is assumed that the above-mentioned exposures could occur. Under the industrial 
scenario, it is likely that groundwater would not be used. 

5.2.3 Current COPCs and Associated Risk 

Historical analytical data are available for groundwater wells at ORNL that have been 
monitored for compliance with DOE Order 5400.1. Groundwater concentration data from these 
wells were summarized and subjected to well-screening techniques for the purposes of identifying 
preliminary contaminants of concern for the GWOU. In this chapter, the COPCs list for the 
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compliance wells are summarized. In addition, Appendix A provides a comprehensive summary 
of the risk results for these compliance wells and for the groundwater data collected for RIs at 
WAGs 1, 5, and 6. The wells can be identified according to WAGs, but the screening of 
chemicals was performed for each well individually. The risk results were generated in a series 
of steps: 

• eliminating chemicalS that were not detected in any well; 
• identifying the oral carcinogens; 
• assigning values to non-detects; 
• calculating risk for COPCs; and 
• identifying the high-priority wells and contaminants. 

The first step screened the available data for each well by frequency of detection; chemicals 
that were never detected in any well were eliminated from further consideration in.the quantitative 
risk evaluation. All of the remaining non-detects were assigned a value equal to the sample's 
quantitation limit. 

For the concentration term, after non-detects are assigned the detection limit value, a test for 
normality and log-normality is performed using the Kolmogorov-5mirnov Test. If a normal 
distribution provides the better fit based on this test, then the upper 95 % confidence limit on the 
mean is calculated based on a normal distribution. If the underlying distribution is not normal, 
as represented here for when a log-normal distribution provides a better fit based on the test, then 
replacing censored observations by proxy values is an inefficient method that can produce biased 
estimates. In this case the log-normal distribution is estimated through a maximum likelihood 
procedure that finds the mean and standard deviations of the distribution by methods in 
Beauchamp et al. (1992) to reduce the bias in proxy methods for the mean for small sample sizes. 
The upper 95 % confidence limit on the mean is then calculated based on this estimated 
log-normal distribution. The minimum of the upper 95 % confidence limit and the maximum 
detected concentration is used as the representative exposure concentration. 

The residential groundwater risk was then calculated for each well using the cancer slope 
factors for the contaminant, the representative concentration of the contaminant, and the default 
residential assumptions for the drinking water, dermal contact, and indoor inhalation pathways 
(EPA 1989). The equations used to .calculate the pathway risk are listed in Table 5.1 for the 
drinking water pathway, Table 5.2 for the dermal contact pathway, and Table 5.3 for the indoor 
inhalation pathway. 

Table 5.4 provides a summary of the carcinogenic contaminants that exceed I x 10'" risk 
and the perimeter wells where the exceedance occurred. Contaminants most commonly 
encountered that exceed 1 x 10'" include vinyl chloride, 905r, tritium, and beryllium. In a few 
high-ranking wells, vinyl chloride contributed the majority of the risk. However, because of its 
volatility, vinyl chloride does not appear in the surface water at high risk levels. In general, 
organics are detected in pockets of groundwater and are not as prevalent site-wide as 
radionuclides. When a chlorinated organic is detected, the risk associated with them is often 
higher than 1 x 1 Q-4 due to their high detection limits. The contaminants that drive the surface 
water ingestion risk at White Oak Dam are radionuclides (905r and tritium). Therefore, it is 
expected that these radionuclides would coniprise the majority of the risk in a number of the 
perimeter wells. However, the prevalence of beryllium at high risk concentrations was 
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Table 5.1. Residential parameters for the drinking water pathway 

. Equations: 
Rmlionuclide Intake (pCi) = Aw x IR x FI x EF x ED 

Chemical Intake (mglkg-day) = ~w X IR x FI x EF x - ED 
BW x AT 

Parameter Units Value used References/justification 

Radiological Activity / Chemical pC ilL or chemical Measured value 
Concentration in Water = Aw/Cw mg/L specific 

Ingestion Rate = IR Ud 2 EPA 1991" 

Diet Fraction = FI unitless 1 EPA 1989" 

Exposure Frequency = EF d/year 350 EPA 1991" 

Exposure Duration = ED years 30 EPA 1991" 

Body weight = BW kg 70 EPA 1991" - Combined mean of 
female and male body weight ""': 

Carcinogen averaging time = AT days 25550 EPA 1991" - Equivalent to 70-year, 
lifetime exposure, 365 d/year 

_1: 

" EPA 1989. Superfund Exposure Assessment Manual, EPA/540/1-88/001, Office of Remedial Response. 
b EPA 1991. Risk Assessment Guidancefor Superfund: Volume 1 - Human Health Evaluation Manual (Part B, 

Development of Risk-Based Preliminary Remediation Goals), Office of Emergency and Remedial Response, 
Washington, D.C. '." 

... .:..".. 

93-1 4OP/081 594 

~ 



5-6 

Table 5.2. Residential parameters for dennal contact with groundwaier 

Equation: 
Absorbed Dose (mg/kg-d) = !hw)(SA)(PC)(CF)(ED)(EF)(ET) 

(BW)(AT) 

Parameter Units 

Concentration in water = Cw mg/L 

Skin surface area exposed = SA cm2 

Skin permeability constant = PC cmlh 

Exposure time = ET hrslbath 

Exposure frequency = EF baths!yr 

Exposure duration = ED years 

Conversion Factor = CF Llcm3 

Body weight = BW kg 

Carcinogen averaging time = AT d 

Value used 

chemical 
specific 

23000 

chemical 
specific 

0.25 

350 

30 

111000 

70 

25550 

References! justification 

Measured value 

EPA 19920 

EPA 19920 

EPA 19920 

EPA 1991b 

EPA 1991b 
- Combined mean of 

male and female body weight 

EPA 1991b - Equivalent to 70-year 
lifetime exposure, 365 d1year 

o EPA 1992. Human Health Evaluation Manual. Supplemental Guidance: Standard Default Exposure Factors. 
OSWER Directive 9285.6-03, Office of Emergency and Remedial Response, Washington, D.C. 

b EPA 1991. Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation Manual (Part B. 
Development of Risk-Based Preliminary Remediation Goals, Office of Emergency and Remedial Response, 
Washington, D.C. 
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Table 5.3. Residential parameters for indoor inhalation pathway 

Equation: 
InhaliJtion Intake (mglkg-d) = .cc..)(KJ(IRl(CF)(EF)(ED) 

(BW)(AT) 

Parameter Units Value used References/justification 

Concentration in water = C.,. mglL chemical Measured value 
specific 

Volatilization Factor = K Um3 0.5 Andelman 199()1l 

Inhalation Rate = IR m3/d 15 EPA 1992b 

Exposure frequency = EF baths/yr 350 EPA 1992b 

Exposure duration = ED years 30 EPA 199Ic 

Body weight = BW kg 70 EPA 1991c - Combined mean of male 
and female body weight 

Carcinogen averaging time = AT d 25550 EPA 1991c - Equivalent to 70-year , 
lifetime exposure, 365 dlyear 

Q Andelman, J.B. 1990. Total Exposure to Volatile Organic Chemicals in Potable, Water. N.M. Ram. 
R.F. Christman, and K.P. Cantor (eds.), Lewis Publishers. ' 

b EPA 1992. Human Heallh Evabimion Manual, Supplemental Guidance: Standard Default Exposure Factors, 
OSWER Directive 9285.6-03, Office of Emergency and Remedial Response, Washington, D.C. 

c EPA 1991. Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation Manual (PartB, 
Development of Risk-Based Preliminary Remediation Goals. Office of Emergency and Remedial Response;,,', 
Washington. D.C. 
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Table 5.4. Chemicals of concern in ORNL perimeter groundwater wells with risks > 1 x 10'" 

I Range of 
Number concentrations 

Chemical of concern of wells Well WAG (mg/L; pCi/L) I 
1,l-Dicbloroetbene 4 954, 958, 1190,1201 2,4, 17 0.017-0.044 

1,2,3-Tricbloropropane 2 818, 819 1 0.005 I 1,2-Dibromo-3--chloropropane 2 818, 819 1 0.01 

1,2-Dibromoethane 2 818, 819 1 0.005 I 1,4-Dioxane 2 818, 819 1 5.0 

2-Propenenitrile 2 818, 819 1 0.01 I / 

3,3'-Dimethyl-benzidine 1 814 1 0.085 

Aroclor-1254 1 854 6 0.001 'I, Beryllium 58 745, 806, 807, 808, 809, 1,2,3, 0.001-0.025 
810. 811, 812, 813, 814, 6,7,11 
816, 818, 824, 827, 828, I 829, 830, 831, 832, 833, 
835, 836, 837, 838, 839, 
840, 841, 842, 843, 844, ,I, 845, 846. 847, 848, 849, 
850, 851, 852, 853, 854, 
855, 856, 857, 858, 859, 

860, 986, 992, 1071, I 1074, 1076, 1079, 1084, 
1145, 1194, 1195, 1245, 

1248 

I Bis(2-ethylhexyl)phthala.te 977 3.1 

Carbon tetrachloride 842 6 0.0614 I, wCo 3 1078. 1243, 1244 2,6,7 432-915 

N-Nitroso-di-n-propylamine 809 1 0.008 

I 22SRa 973 5 77.4 

90Sr 13 806. 812, 956, 969, 973, I, 2, 3, 140-7,900 
975, 992, 993, 994, 4,5,8 I 1087, 1096, 1097, 1191 

"Tc 1 1078 7 11,000 

Tritium 31 841, 842, 843, 847, 848, 2,4,5, 93,800- I 
849, 854, 954, 955, 956, 6,7 290,000,000 
957, 958, 968, 969, 970, ,I 971, 972, 973, 974, 975, 

976, 977, 978, 981, 
1076, 1079, 1084, 1152, 

I 1156, 1191, 1243 
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Vinyl chloride 
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Table 5.4 (continued) 

Range of 
Number concentrations 
of wells Well WAG (mg/L; pCi/L) 

812 1 346 

16 818, 819, 825, 830, 849, 1, 4, 5, 0.005-5.5 
853, 854, 954, 955, 958, 6, 17 
969,973, 975, 978, 981, 

1201 
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unexpected. The oral slope factor for beryllium is high. suggesting it is a potent carcinogen; 
therefore. almost any detection would lead to a high risk. This high slope factor combined with 
the fact that the frequency of detection of beryllium in most wells is low. while the concentrations 
of beryllium have decreased over the monitoring period. may indicate that improvements in 
detection techniques may be driving the trends in the beryllium risk results. Adequate 
background data may also assist in determining whether beryllium is site-related. 

Table 5.5 ranks all the perimeter wells according to the risk summed across all pathways and 
contaminants. Figure 5.1 provides a WAG-by-WAG risk ranking of all the perimeter wells. 
These results indicate that the majority of the groundwater wells with high risk results are located 
in WAGs I and 5, and to a lesser extent in WAGs 4 and 6. The spatial distribution of risk in 
the GWOU is summarized in Figure A.1. Each circle represents a well where risk was 
calculated, with the size of the circle indicates the magnitude of the risk. 

The detailed risk results of the expanded data sets are presented in Appendix A. Table A.I 
provides a summary of the risk results by class (organics, metals, transuranics, and other 
radionuclides) as well as other information regarding the alias name and the coordinates. The 
radionuclide and Chemical-specific risk results are presented in Tables A.2 and A.3. The 
representative concentrations used to calculate the risk for the radionuclides and the chemicals 
are located in Tables A.4 and A.5. The frequency of detection is shown in Tables A.6 and A.7. 
Contaminants at wells that exceeded 1 x 10-4 risk are bolded and outlined in Tables A.2 
through A.7. Table A.8 is a compilation of the abbreviations used in the header rows and the 
full contaminant name. 

5.2.4 Uncertainties in the Conceptual Risk Model 

The current conceptual risk model is limited to understanding risk from the drinking water 
pathway and to the calculation of carcinogenic risk. The baseline risk assessment performed as 
part of any RI will look at other pathways as well as non-<;arcinogenic health effects. One 
important modifier for the development of the conceptual risk model is the assumed usage of 
groundwater as a drinking water source. This assumption is conservative for two primary 
reasons. First, no receptors are currently using the groundwater at ORNL as a drinking water 
source. In developing the conceptual model, it was assumed that a receptor could be exposed 
directly to contaminants in individual wells. If an exposure scenario that reflected current land 
use conditions at the site (for example. off-site exposure to chemicals in the Clinch River) had 
been used, the results of the screening would have been vastly different; e.g., none of the volatile 
organic compounds would have shown up as COPCs. 

Second, it is questionable whether the shallow or deep aquifers underlying ORNL could be 
used as a potable water source based solely on the low yield rates in many of the wells. The 
yield rate of a well is proportional to the hydraulic conductivity measured for the well. Hydraulic 
conductivity data are available for all wells in the study and were thus used to perform a general 
screen of the aquifer's reliability as a potable water source. The conductivity values were 
generally related to aquifer potability using a table from Bear (1979) and were asSigned values 
of good or poor. The results of this exercise indicated that, with some exceptions, the majority 
of the wells are located in areas with low hydraulic conductivities that most likely would not be 
potable water sources because of low well yield. 
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Table 5.5. GWOU wells ranked by total risk with quality of aquifer denotations 

I Total Quality of Total Quality of Total Quality of 

Well risk aquifer" WAG Well risk aquifer WAG Well risk aquifer 

I 
WAG 

5 973 2.8E~1 P 5 972 5.3E-04 P 8 1088 8.6E~5 P 
5 978 2.0E~1 P I 830 5.lE-04 P 11 1246 8.6E~5 NA 
5 974 9.1~2 P 6 847 4.7E-04 NA 5 983 8.5E~5 P 

I 4 958 6.4~2 P 808 4.7E-04 P I 820 8.3E~5 P 
5 969 2.2E~2 P 813 4.5E-04 P 5 979 7.1E~5 P 
4 954 1.~2 P 1 829 4.4E-04 P ·7 1073 7.IE~5 P 

I 
1 814 1.6E~2 G 6 833 4.4E-04 P I 822 6.9E~5 G 
1 818 l.2E~2 P 6 745 4.2E-04 P . 7 1075 6.lE~5 P 
1 819 l.lE~2 P 6 844 4.2E-04 P 8 1089 5.9E~5 P 
5 975 l.1E~2 P 1 824 4.0E-04 P 4 949 5.lE~5 P 

I 5 977 8.7E~3 P 6 839 3.7E-04 P 7 1072 5.lE~5 P 
4 957 7.9E~3 P 1 828 3.6E-04 P 17 1198 4.9E~5 P 
5 976 6.9E~3 P 2 1152 3.6E-04 P 5 965 4.8E~5 P 

I 
1 812 6.7E~3 G 6 838 3.4E-04 P 4 952 4.3E~5 P 

17 1201 6.6E~3 P I 827 3.4E-04 P 5 963 4.3E~5 P 
6 843 3.1~3 P 5 968 3.3E-04 P , 17 1196 4.IE~5 P 
6 846 2.6E~3 P 1 811 3.2E-04 P 2 lI51 4.0E~5 P 

I 6 837 2.6E~3 NA 2 1156 3.2E-04 P 8 1090 3.8E~5 P 
1 809 2.4E~3 P 1 810 3.1E-04 P 8 1091 3.8E~5 P 
6 1243 2.3E~3 NA 7 1084 3.lE-04 P 2 1192 3.7E~5 G 

I 
5 981 1.7E~3 P 6 ]244 2.9E-04 NA, 7 ]08] 3.5E~5 P 
6 842 1.7E~3 P 6 832 2.8E-04 P 7 ]082 3.5E~5 G 
6 83] L5E~3 NA 3 992 2.4E-04 NA 4 961 3.4E~5 P 
7 1076 1.5E~3 P 6 836 2.2E-04 P 2 1189 3,4E~5 P 

I 6 840 ].4E~3 P 6 859 2.2E-04 P 8 1095 3.3E~5 P 
5 971 I.4E~3 P 1 816 2.1E-04 P 11 ]149 3.3E~5 NA 
5 970 1.3E~3 P 6 835 ].8E-04 P 11 1146 3.0E~5 NA 

I 6 841 1.3~3 P 3 993 1.6E-04 P I 823 3.0E~5 P 
6 858 1.2E~3 P 6 860 1.6E-04 P 2 1154 3.0E~5 P 
1 825 1.0E~3 P 3 ]248 1.6E-04 P 5 964 2.9E~5 P 

I 
6 856 9,9E-04 P 2 1 ] 94 1.5E-04 P 7 ]083 2.8E~5 P 
6 857 9.6E-04 P 6 1245 1.5E-04 NA 1 82] 2.7E~5 P 
2 119] 8.9E-04 P 3 986 1.3E-04 P 2 1193 2.7E~5 P 
4 955 8.4E-04 P 2 ] 195 1.2E-04 P 4 959 2.7E~5 P 

I 7 1079 8.3E-04 P 5 984 1.2E-04 P 2 1153 2.6E~5 P 
8 ] 097 8.0E-04 P 7 107] 1.2E-04 P 3 987 2.6E~5 P 
6 855 7.9E-04 P 7 1074 1.2E-04 P 8 1093 2.5E~5 P 

I 
4 956 7.4E-04 G 8]5 LlE-04 P 3 985 2.5E~5 P 
2 1190 7.2E-04 P 4 960 l.lE-04 P 11 1143 2.4E~5 NA 
8 ] 096 7.0E-04 P I 826 1.lE-04 G ]7 1199 2.4E~5 P 
1 . 806 6.6E-04 NA I 946 l.lE-04 P 5 980 . 2.2E~5 P 

I 7 1078 6.2E-04 P 5 967 1.0E-04 P 7 ] 085 2.1E~5 . G 
8 1087 6.lE-04 P ] 947 1.0E-04 P 4 962 2.IE~5 P 

'II 1145 5.7E-04 NA 5 982 9.3E~5 P 8 ]092 2.0E~5 P 

I 
1 807 5.5E-04 P 3 997 8.9~5 P 17 1203 2.0E~5 P 
3 994 5.5E-04 P 7 '1077 8.8E~5 P 3 990 2.0E~5 P 

I 
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Table S.S (continued) 

Total QnaJityof Total Quality of 
WAG Well riIk aquifer' WAG Well riIk aquifer 

7 1086 I. 9E-OS 'G 7 1080 l.6E-OS P 
17 1200 1.8E-OS p. 3 998 I.SE-OS P 
2 1185 1.8E-OS P 4 951 I.SE-OS P 
II 1144 1.8E-OS NA 8 1094 l.3E-OS P • 
17 1202 l.7E-OS G 2 II SO l.3E-OS 'p 
2 1186 l.7E-OS P 2 1188 l.3E-OS P 

,5 966 l.7E-OS P 3 995 l.lE-OS P 
2 1155 1.6E-OS P 4 950 l.lE-OS P 
17 1197 1.6E-OS P 2 1187 l.0E-0S P 
3 991 1.6E-OS P 2 1245 1.0E-OS . P 

4 Quality of aquifer: P = poor, G = good, NA = Not available 

93-140P/081594 

Total 
WAG Well riIk 

II 1140 8.8E-06 
4 953 8.7E-06 
II 1139 8.SE-06 
3 996 7.5E-06 
II 1147 6.3E-06 
II 1148 6.1E-06 
4 948 S.7E-06 
3 988 S.SE-06 

Quality of 
aquifer 

NA 
P 

NA 
P 

NA 
NA 
P 
P 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 5-13 

I 
I - -

RisIc WAG I WAG 2 WAG 3 WAG 4 WAGS WAG 6 WAG 1 WAG a WAG 11 WAGl1 
Well RisIc Well Ris1c Well Risk Well RisIc Well RisIc Wen RisIc Wen RisIc Well RisIc Well Risk Well Risk 

Ixlo..l m 2.8E-Ol 
918 2.0£-01 

Ixlo..2 814 1.6E-02 958 6.4E-02 974 9.1E-02 
818 1.2£-02 954 1.1£-02 969 2.2£-02 I 
819 I.IE-02 975 I.1E-02 

Ixlo..3 812 6.1£-03 951 7.9E-03 977 8.1£-03 843 3.1E-03 1076 1.5E-03 1201 6.6E-03 
809 2.4E-03 916 6.9E-03 846 2.6E-03 
825 1.0E-03 981 1.1£-03 837 2.6E-03 

971 1.4E-03 1243 2.3£-03 I 
970 I.3E-03 842 1.1£-03 

831 1.5E-03 
840 1.4E-03 
841 1.3E-03 
858 1.2£-03 I 

Ixl0-4 806 6.6E-04 119\ 8.9E-04 994 S.5£-04 955 8.4£-04 972 5.3E-04 856 9.9E-04 1079 8.3E-04 1097 8.0E-04 1145 5.1E-04 
807 5.5E-04 1190 7.2£-04 992 2.4£-04 956 7.4£-04 968 3.3E-04 851 9.6£-04 1078 6.2£-04 1096 7.0E-04 
830 5.IE-04 1152 3.6E-04 993 1.6E-04 960 1.IE-04 984 1.2£-04 a55 7.9E-04 1084 3.1E-04 1087 6.1 E-04 
808 4.1£-04 1156 3.2£-04 1248 1.6E-04 967 1.0E-04 847 4.1£-04 1071 1.2£-04 
813 4,5E-04 1194 15E-04 986 UE-04 833 4.4£-04 1074 1.2£-04 I 
829 4.4E-04 119S 1.2£-04 745 4.2£-04 
824 4.0E-04 844 4.2£-04 
828 3.6E-04 839 3.1£-04 
827 3.4E-04 838 3AE-04 
811 3,2£-04 1244 2.9E-04 I 
8\0 3,IE-04 832 2.8E-04 
816 2.IE-04 836 2.2£-04 
815 l.lE-04 859 2.2£-04 
826 I.IE-04 835 l.IlE-04 
946 I.IE-04 Il60 1,6£-04 I 
947 1.0E-04 1245 1.5£-04 

Ixlo..5 820 8.3E-05 lI51 ·IOE-05 997 8.9E-05 949 5.1E-05 982 9.3E-05 Ion 8.aE-05 1088 8,6E-05 1246 8.6E-OS 1198 4.9E-05 
822 6.9E-05 1192 3.1£·OS 987 2.6E-05 952 4.3E-05 983 8.5E-05 1073 7.1 £..05 1089 5.9E-05 1149 3.3£..05 1196 4.IE-05 
823 3.0E-05 1189 34E-OS 98S 2.5E-05 961 34E-05 979 7.1E-O; 107; 6.1E-05 1090 38E-05 1146 3.0£..oS 1199 2.4E-05 
821 2.1£-05 1154 3.0E-05 990 2.0E-O; 959 2.1£-05 96; 4.8E-OS 1012 5.IE-05 1091 3.8E-05 1143 2.4£..05 1203 2,OE-O; I 

1193 2.1£-0; 991 1.6E-05 962 2.IE-05 963 4.3E-05 1081 3.5E-05 1095 3.3E-05 1144 \.8£..0; 1200 1.8£..05 
1153 2.6E-OS 998 1.5E-05 951 15E-OS 964 2.9E-05 1082 HE-OS 1093 2.SE-05 1202 11£-05 
1185 18E-05 995 I.IE-05 950 IIE-05 980 2.2£-0; 1083 2.8E-05 1092 2.0E-05 1191 1.6E-05 
1186 1.1£-05 966 11£-0; \085 2.IE-05 1094 I.3E-05 
1155 1.6E-05 1086 1.9E-05 I 
1150 UE-05 1080 16E-05 
1188 I.3E-05 
1187 10E-05 

Ixl0-6 996 7.5E·06 953 8.1£..06 1140 8.8£..06 
988 S.5E..06 948 5.1£..06 1\39 8.5£..06 I 

1147 6.3£..06 

I 
, --- - ---- 1148 6.1£..06 

Fig. 5.1. WAG contributioWi to risk in the GWOU. 
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5.3 RISK ASSESSMENT STRATEGY FOR THE GWOU 

Based on the difference in the definitions between WAG 2 and the GWOU, and based on 
the conceptual models presented above, the following assumptions have been made regarding risk 
issues associated with the GWOU. 

1. It is assumed that the risk associated with contaminants in groundwater that resurface to the 
surface water system will be addressed by WAG 2 and the source WAGs. 

2. Most of the risk associated with current off-site releases from ORNL can be assessed by 
measuring contaminant flux over White Oak Dam. This risk is being addressed by WAG 2 
and the source WAGs. 

3. Most of the risk associated with current on-site releases at ORNL is associated not with the 
GWOU but rather with contact of soils at the source WAGs. 

4. Based on assumptions 2 and 3, it is assumed that the GWOU does not have a current risk 
issue to address. 

5. Most of the risk associated withjiaure off-site releases from ORNL will likely occur because 
of contaminant migration from the source WAGs through the stormflow, vadose, and water 
table interval zones. 

6. Future off-site releases through the intermediate and deep groundwater zones are expected 
to be minimal contributors to future off-site risks. However, the current conceptual model 
must be confirmed to support this assumption. Points where contaminants may exit the site: 
through the intermediate and deep groundwater zones have not been identified, and the 
potential for existing plumes to migrate to these exit points has not been assessed. 

7. The risk scenario of greatest concern to the GWOU is the future on-site resident farmer who 
uses a groundwater well for drinking water and irrigation. 

Figure 5.2 shows how these assumptions tie into risk assessment decision support for the 
GWOU. On the basis of these assumptions, the following risk assessment strategy has been 
developed for the GWOU. 

As indicated by the Fig. 5.2-.• risk assessment support for the GWOU can be divided into 
three components: near-term support, mid-phase support, and the final phase. 

Near-term support will include DQO support to help identify data needs for refining the 
conceptual hydrogeological and conceptual risk . models. The .con~eptual risk model will be 
updated continually as data become available. Near-term support will also include support to 
help identify the need for a CERCLA removal action and the selection of administrative or 
engineering controls for the removal action. 
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Mid-phase support is the projected period of time when most of the RIIFS work on the 
source WAGs will be occurring. During this time, the GWOU should provide to the source 
WAGs the conceptual and analytical models that the source WAGs need to evaluate the 
groundwater pathway as a source of future risk from within the source. This support may come 
in the form of chemical-specific dilution/attenuation factors (OAFs) (Sect. 5.4.1). During this 
phase, work will continue on refining the conceptual risk model and supporting removal actions. 
Efforts will begin to focus on identifying future potential potable water sources for the future land 
use scenario that will have to be addressed in the GWOU baseline risk assessment. 

Final-phase support for the risk assessment for GWOU will consist primarily of performing 
the baseline risk assessment and risk evaluation of remedial alternatives for the GWOU RIIFS 
report. It is planned that this assessment will use the site-wide environmental situation post
remediation decisions on the source WAGs as baseline conditions. Thus, the source of risks for 
the GWOU baseline will likely be contaminants in groundwater that are not addressed by source 
RODs and contaminant residuals remaining in the source WAGs. In this respect, the GWOU acts 
as a final integrator of risk for the ORNL site. 

5.4 RISK ASSESSMENT ACTIVITIES AND METHODS 

During the course of the GWOU activities, risk assessment and risk management issues must 
be addressed. Risk assessment issues pertain to performing the baseline risk assessment and the 
inputs into the calculation of risks. Risk management issues involve using risk assessment to help 
make strategy and remediation decisions, such as development of risk-based cleanup levels and 
the allocation of site-wide remediation resources. This section discusses some of the methods that 
will be used to address these issues. Risk assessment is separate from the policy decisions that 
ultimately will be made by DOE, EPA, TDEC, and the public. To this end, it is assumed that 
the eventual baseline risk assessment for GWOU will not attempt to determine such things as 
"future land use" but will be comprehensive enough to provide the decision makers with risk 
estimates for multiple land use scenarios. 

5.4.1 Near-Term Support 

The following activities will take place in the early phases of the GWOU investigation. 

1. Continue to compile toxicity data and chemical-specific data (such as Henry's Law Constants 
and decay rates) for updating preliminary remediation goals (PRGs). 

PRGs have been developed for the worst-case residential land use scenario using default 
exposure equations for potable groundwater use presented in Risk Assessment Guidan.ce for 
Superfund, Part B (EPA 1991). The, PRGs ' are being and will continue to_be used to: 

• provide risk assessment input to the decision for the need for a CERCLA removal action 
according to the criteria described in the National Oil and Hazardous Substances Pollution 
Contingency Plan, §300.415; 
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• help assign priority to source WAGs by identifying those that may be actively contributing 
contaminants to the groundwater above PRG concentrations; and 

• help assign priority to groundwater investigation activities. 

2. Develop additional groundwater PRGs. 

Groundwater PRGs based on current land use will need to quantitatively consider such 
factors as a point of compliance off site (likely near White Oak Dam), dilution, dispersion, and 
contaminant attention and decay between the groundwater problem and the point of compliance. 

For alternative future land use scenarios, simple analytical models may be used early in the 
process to develop OAFs. OAFs incorporate what is known about how the chemical 
concentrations change over time and space. The PRG based on potable water use at a given 
receptor point (which is presumably the potential point of compliance) is multiplied by the OAF. 
The OAF allows the cleanup goal to account for the level of cleanup at the plume/source if the 
potential receptor remains off site, or if many years pass before a receptor moves on site. The 
OAF will be refined over time by incorporating data and by using and . developing more 
sophisticated numerical fate and transport modeling tools. 

3. Perform risk assessments to support CERCLA groundwater removal actions. 

Removal actions, as defined by the NCP, occur if a detected problem could cause immedia,te 
threat to the human health or environment. A removal action may also occur. if a problem can 
be dealt with expediently at a reasonable cost. The basic method that will be used to determine 
the need for aI".f!~oval action will be to determine whether the contamination detected in the 
shallow groundwater is exiting to surface water via a seep. If it is, an IP assessment will be:used 
to determine whether thi§ groundwater contamination contributes significantly (e.g., 10%) to the 
total risk at White Oak Dam. 

The IP method has been devised primarily for near-term risk decision support for the White 
Oak Creek watershed. An IP is a point at which contaminant releases from multiple sources 
come together. The final/IP for the White Oak Creek watershed at ORNL is White Oak Dam, 
which is the point where ORNL releases leave the site and thus could pose a risk to the public. 
However, several IPs upstream of White Oak Dam could be used for the assessment. The IP 
assessment produces a "relative risk" value for an individual source (or plume in this case) at 
White Oak Dam or any other identified IP. The IP assessment. is designed to rank off-site risks 
associated with the various sources and thus helps determine where remediation resources should 
be spent. 

The premise of the method is that risks associated with multiple contaminants at a source 
WAG are compared with risks associated with concentrations measured at the IP, after the 
difference in the total contaminant mass leaving the two points-referred to as contaminant" 
flux-is accounted for. The exposure pathway, parameters, and toxicity data used calculate risk 
in the IP assessment are the same as those used to estimate risk at an individual well 
(Sect. 5.2.3); the governing equation for the. assessment is: 

93-140P/082294 
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Relative Riskwell (%) = «t [Ris~, IP (Fluxi, weillFluxi, JP)]) / Risku.m.t IP) * 100 

where 

Ris~JP 
FluXjwcll 
Fluxi,P 
Riskww IP 

= risk associated with chemical i at the IP, 
= . flux of the t'fb. substance originating at a well, 
= flux of the z'fb. substance identified at the IP, 
= t Ris~ woo' or the sum of the risk estimates for the illl substances 

identified at the IP, 

Contaminant flux is estimated by: 

FIUXj, well or IP = (C)(V) 

where 

Flux; = contaminant flux, i (pCi/time; mg/time), 
C = concentration detected in groundwater (plume and IP)(PCi/L), (mg/L), 
V = water discharge volume for the plume and IP (Lltime). 

A tiered approach exists for calculating the water volume associated with a well or plume 
(Table 5.6). The Tier I method is the simple water balance model for a given area. The Tier 2 
approach uses the regional scale Melton Valley groundwater model, which is described in 

. Chap. 4. Tier 3 relies on more local models, which are under development, that will attempt to 
account for transient water flow conditions in the area of the plume (e.g., account for .storm 
flow). ' 

Table 5.6. Tiered approach for estimating plume water flow volumes 

Flow component Tier 1 approach 

GW water balance model: 
GW = P-ET-SW 

Tier 2 approach Tier 3 approach 

groundwater model groundwater model 
refinements and 
expansions 

On the basis of current knowledge about relative risk at WOO, a removal action has been 
initiated at groundwater seeps along WAG 5. It is expected that no other removal actions will 
be performed to address contamination currently in the intermediate and deep groundwater zones. 
Removal actions are currently underway to address contaminants leaching from sources and 
flowing through the stormflow and water-table interval flow paths. WAG 2 has identified the 
need for these removal actions and will likely continue to "suppon this efton. ' 

5.4.2 Mid-Phase Support 

During the middle phase of the investigation, the risk assessment needs of the source WAGs 
will require input from GWOU. Specifically; the source OUs will require tools for evaluating 
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the current and future potential contaminant flux out of the sources. These tools will likely 
include the Melton Valley Aquifer Model, stormflow and vadose zone flow and transport models. 

In its most simple form, GWOU can determine and provide chemical-specific OAFs to the 
source WAGs. The OAF concept was first introduced for developing toxicity characteristic 
leaching procedure regulatory limits. The OAF accounts for the dispersion and natural 
attenuation of the contaminant through time and space. These OAFs synthesize the information 
from flow models, site-specific and chemical-specific attenuation and retardation information 
[e.g., chemical-specific soil-water distribution coefficients <Kes)], radiological and biological 
decay information, and distance. 

Using data collected during the early phases of the characterization, a focused effort will 
begin to identify the areas suspected to be potential potable water sources for the future land use 
scenario that will have to be evaluated in the GWOU baseline· risk assessment. Data will be 
compiled on hydraulic conductivity and yield rates for wells in various areas and of varying 
depths to determine whether the aquifers could be relied on as future residential potable water 
sources. 

In addition to developing the tools to support the source WAG RIs, risk assessors will 
continue to update and address PRGs and identify additional data needs for groundwater 
characterization. 

5.4.3 Final-Phase Support 

Risk assessment support in the final phase of the GWOU characterization will involve 
performing the baseline risk assessment. It is assumed for this document that by the time the 
baseline risk assessment is performed, risk assessment models and techniques for ORNL will 
change and be refined from those currently used. Much of the change will likely come from 
interaction with the regulatory agencies during source WAG RI reviews and through the 
development of advanced uncertainty analysis capabilities. Therefore, this characterization plan 
does not propose specific models and techniques that will be used to complete the GWOU 
baseline risk assessment; however, this plan provides some strategies for performing the baseline 
risk assessment, given that the GWOU RI must act as an integrator RI. 

In addition to evaluating the risks associated with contamination in the groundwater, the 
GWOU baseline risk assessment must include a risk evaluation of post-source remediation 
residuals. As an integrator unit, this risk assessment must compile a post-remediation report of 
residual risk associated with "no-action" sources and post-remediation residual risks remaining 
after engineering controls have been implemented. 

Residual risk from the source WAGs is expected because "zero risk" is not the goal of 
CERCLA. The FS report for each source OU will be required to present a discussion on the 
residual risks associated with the selected remediation alternative and to discuss the integrator
wide impact of the residual. 

The decisions made during the GWOU RIfFS process consolidate information gathered 
throughout the RIfFSs for the source and integrator units. The goal of the GWOU RI will be to 
determine the extent, if any, of remediation required in the surrounding environmental media 
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when it is shown that releases from source OUs have been controlled. Three primary types of 
information will be used to support the groundwater OU risk assessment: 

• the risk assessment results from contamination in the groundwater; 

• post-remediation compliance monitoring data for the source operable units; and 

• the results of the risk evaluation of remedial alternatives for the alternatives selected for each 
source OU (which address the risks associated with residuals). 

5.5 RISK MANAGEMENT SUPPORT 

Risk management support will be on going through each stage of the GWOU investigation. 
In addition to developing and providing PRGs and risk estimates, risk management tools will be 
developed to help systematically and clearly make decisions based on evaluation of the collected 
data. 

5.6 IDENTIFICATION OF CHEMICAL-SPECIFIC ARARS 

The CERCLA of 1980 was passed by Congress and signed into law on December 11, 1980 
(Public Law 96-510). This act was intended to provide for "liability. compensation. cleanup, and 
emergency response for hazardous substances released into the environment and the cleanup of 
inactive waste disposal sites." The SARA, adopted on October 17, 1986 (Public Law 99-499), 
did not substantially alter the original structure·of CERCLA but provided extensive amendments 
to it. 

In particular, § 121 of CERCLA specifies that remedial actions for cleanup of hazardous 
substances must comply with requirements or standards under federal or more stringent state 
environmental laws that are applicable or relevant and appropriate to the hazardous substances 
or particular circumstances at a site. Inherent in the interpretation of ARARs is the assumption 
that protection of human health and the environmental is ensured. 

As stated in the NCP (55 FR 8666, March 8, 1990), the goal of EPA's approach to cleanup 
of contaminated groundwater is to return usable groundwater to its beneficial use within a given 
time frame that is reasonable for the particular circumstances at a CERCLA site. The ORNL 
GWOU has not been given an EPA classification; however, the IDEC Underground Injection 
Control regulations classify all groundwater for domestic water supply except for certain 
exclusions. One of these exclusions is water that contains total dissolved solids (TDS) in excess 
of 3,000 mg/L and that is not reasonably expected to serve as a domestic water supply (TDEC 
1200-4-6-.05) . 

The Ground Water Management Section of the Tennessee Division of Water Supply is 
developing a groundwater classification system for Tennessee groundwaters (TDEC Proposed 
Rule 1200-4-3-.04 to .08). A draft of the proposed rule, dated May 28, 1993, was issued for 
public comment in June, 1993; a final version is expected by late summer of 1994. Chapter 
1200-4-3-.07 of the proposed rule lists four classifications for groundwater: Class A-current or 
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future source of water supply; Class B-current or future source of water supply but will not 
support all uses as a water supply because of contamination; Class C-not a current or future 
source of water supply for drinking or other beneficial use; and Class D-groundwater that flows 
to the surface of the ground or mixes with surface water. Groundwater in Class D can also be 
identified as A, B, or C. The proposed rule recommends specific water quality criteria for each 
groundwater class, based on its intended use; however, it is unclear what the final proposed 
groundwater criteria will be. It appears from the proposed rule that this GWOU may be 
classified as Class D. 

The ORNL GWOU encompasses all of Melton Valley, Bethel Valley, and Haw Ridge and 
extends down to the lowest depth where groundwater contains 10,000 mg/L of TDS (see 
Sect. 1.3). It is premature to develop chemical-specific or location-specific ARARs for 
remediation of the ORNL GWOU; determination of ARARs for this GWOU will depend on the 
chosen groundwater classification and will be addressed further in any subsequent RI. However, 
Safe Drinking Water Act MCLs for the groundwater contaminants of concern are listed in 
Table 5.7 for comparison with analytical detection limits. 

93·140P/082294 

Table 5.7. Safe Drinking Water Act maximum contaminant leveasa 

Analyzed contaminants of concern MCL (p.g/L) 

1,1-Dichloroethene 7 "., ... ,;,. 

Beryllium 4 

Bis(2-chloroethyl)ether NA 

Bis(2-chloroethylhexyl)phthalate NA 

Carbon tetrachloride 5 

Chloroform 100" 

N -nitroso-di -n-propylamine NA 

Trichloroethene 5 

Vinyl chloride 2 

6OCO 4 mrem/year 

Total strontium 4 mrem/year 

Tritium 20,000 pCilLd 

234U 4 mrem/year 

"IDEe 1200-5-1; 40 CFR 141. 
" The sum of the concentration of all the trihalomethanes present. 
C If two or more radionuclides are present, the sum of their annual dose equivalents 

to the total body or to any organ shall not exceed 4 mremlyear. 
d The concentration that will result in the effective does equivalent of 4 mremJyear. 

NA == not available. 
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6. GWOU TEST METHODS 

6.1 INTRODUCTION 

A number of test methods for gathering information related to the data gaps defined in 
Chap. 5 are proposed for the GWOU investigation. Both intrusive and nonintrusive methods 
must be used to resolve data gaps related to the characterization and identification of geologic 
units, stratigraphic correlations, fault and fracture properties, vertical head distribution, aquifer 
parameters, and GWOU boundary integrity. Definitions of karst development and water budgets 
are also key to the resolution of questions related to the GWOU. The following sections describe 
the methods to be used and the types of data to be obtained. Because the geophysical 
investigation is extremely important, a more detailed approach that delineates specific tests that 
will be conducted in the near future is included. 

6.2 AQUIFER PARAMETERS 

Aquifer parameters are key components in the evaluation of groundwater flow systems. The 
measurement of transmissivity or hydraulic conductivity is critical to modeling the rate and 
direction of flow within the system in order to address the data gaps defmed in Sect. 2.4.6.2. 
This section summarizes the data gaps and describes the methods employed to derive hydrologic 
properties of the Knox aquifer along Copper Ridge, aquitard rocks of the Rome Formation, and 
Clinch River alluvial deposits. 

6.2.1 Slug Tests 

Single-well positive displacement tests-or slug tests, as they are commonly called-are a 
quick and inexpensive means of estimating the in situ hydraulic conductivity of an aquifer. Slug 
tests are often used in environmental investigations because they are fast and inexpensive, 
generate little waste for disposal, and work well in tight aquifers (where low hydraulic 
conductivities prohibit pumping tests). 

Slug tests are conducted by stressing the aquifer by either inserting or removing a given 
volume of water from the well and then monitoring how quickly the well re-equilibrates. The 
response is monitored following either the insertion (slug-in) or removal (slug-out) of the slug. 
The slug-out, or rising head, test is recommended because of the . harmonic oscillations or 
pressure waves, which are commonly observed in data collected from slug-in tests. 

Slug tests are appropriate for many cases; however, they do have significant drawbacks that 
must .be considered .... Slug tests provide only local..estimates of hydraulic conductivity, are only 
accurate within one order of magnitude, will not provide reproducible values of aquifer 
storativity, and will not provide information about local aquifer boundaries. 

6.2.2 Pumping Tests 

Pumping tests represent perhaps the best method for estimating in situ aquifer parameters. 
Analysis of a properly designed pumping test can provide information about the hydraulic 
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conductivity and storativity of the aquifer. Pumping tests can also be used to examine the effects 
of hydrogeologic boundaries (recharge and discharge) and the various anisotropic ratios of 
hydraulic conductivity within the aquifer. 

Pumping tests are conducted by pumping water from the aquifer at a consistent rate and then 
monitoring the piezometric response with respect to time. The rate can be varied upward in 
steps, but detailed records must be kept of the flow rate and total amount of water pumped for 
any time during the test. The benefits of the test can be maximized by monitoring a number of 
local wells to evaluate the effects of aquifer depletion on each. Evaluation of the hydraulic 
conductivity, as determined from the monitoring wells, can be used to estimate the representative 
hydraulic conductivity tensors at the pumping wells. 

Although pumping tests probably provide the best information for in situ tests, they do have 
significant drawbacks. Pumping tests are not feasible in aquifers with low hydraulic conductivity. 
Furthermore, pumping tests can be very expensive (especially as compared to slug tests) and time 
consuming. Because significant quantities of potentially contaminated groundwater are produced, 
pump tests can also create a waste management problem. 

6.2.3 Tracer Tests 

The most direct method of determining groundwater velocity and defining flow paths is to 
introduce a tracer at one point in a flow system and observe its arrival at other points. Flow 
velocities can be calculated from time and distance data after adjusting for dispersion and 
advection effects of the tracer and host material. Tracer substances used over. the years have 
included fluorescent dyes, salts, radioisotopes, and nonreactive organic compounds. The test 
usually consists of injecting a tracer into a well bore or ground location directly connected to the. 
subsurface flow system (such as a spring or swallow) and measuring the tracer concentration at 
various groundwater discharge points or groundwater monitoring wells. Because of the 
dispersivity of the tracer within the systems, the time of arrival is deduced using a breakthrough 
curve. This curve displays tracer concentration versus time at each monitoring point. 

Tracer tests as described above require significant efforts to perform successfully. Long 
measurement periods are required at numerous locations to adequately monitor and detect the 
passage of a tracer through a flow field. The point-dilution method is a variation of the tracer 
test in which the horizontal average linear velocity is estimated. This method involves injecting 
the tracer into a packed-off section of a well bore and measuring the dilution effect of the lateral 
groundwater flow. The change in concentration over time is related to the lateral flow velocity. 
A disadvantage of the point-dilution test is that it cannot establish point-to-point flow paths. 

One of the main problems regarding aquifer tests in fractured terrain, such as that at ORNL. 
is interpretation of the results. Currently. most interpretative models assume that flow in the 
aquifer is by way of intergranular flow. The results of aquifer tests in fractured terrain can be 
interpreted using these models where the predilection of flow along a preferred direction is dealt 
with by assuming an isotropic aquifer and a elementary volume such that no individual fracture 
dominates flow. However, this way of interpreting results cannot account for some of the very 
high apparent groundwater velocities that ha~e been observed for tracer tests and does not take 
into account some of the fundamental differences between fracture flow and intergranular flow. 
Evaluation of aquifer tests based on stochastic modeling of fracture orientations may allow the 
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prediction of preferred pathways and an understanding of flow paths and groundwater velocities. 
However, this interpretation method is complex and not fully proven. 

6.2.4 Pulse Train Tests 

Changes in pressure transmit through saturated aquifers very rapidly-in an open system with 
little or no storativity, a pressure pulse will propagate at approximately the speed of sound-and 
can be used to quickly test for discrete hydraulic connections in fractured rock or karst systems. 
Natural and artificial labels, such as isotopes and dyes, measure approximately the rate of flow 
of the water being traced; pressure pulses almost always exceed this by a significant value. 
Given an input pulse to a groundwater system, the output tracer record at wells surrounding the 
injection well should be a subdued replica of the output pulse response. However, this 
relationship may vary according to the transfer function of the system; it is therefore important 
to distinguish between the pulse-through-time measurement for a system (Le., the hydraulic 
response) and'the flow-through-time. 

Pulse train tests will be conducted at ORNL by injecting specified quantities of low-
. conductivity water, at 2 to 4°C (36 to 39°F) above or below the temperature of the groundwater, 
into injection wells that are surrounded by a network of monitoring wells or monitored springs 
and seeps. The quantity of water to be injected will depend on the system being tested and will 
often be limited by the rate at which water can be injected into a formation. Poorly transmissive 
formations will require that less water be injected than karstic transmissive formation. The 
pressure pulse will be monitored in surrounding wells equipped with 'pressure transducers and ',,;, 
data loggers or at springs and seeps equipped with automatic stage monitoring devices. The flow
through-time pulse will be monitored by continually monitoring temperature and' specific 
conductivity in the same wells, seeps, and springs. Where large distances are being tested:' a 
chemical tracer may be added to the injected water as a label and the wells, seeps,and springs 
monitored for the tracer., 

All monitoring locations will be monitored for 1 month before the injection test to record 
natural variations in pressure, temperature, specific conductivity, and the concentration of any 
chemical tracer being used. An optimum data logger sampling frequency for each test can be 
determined at this time and will depend on the rate of change in these parameters at each 
monitoring location. The sampling frequency will be increased during and immediately after 
injection so that rapid changes caused by the artificial pressure pulse can be accurately monitored. 
A data logger sampling frequency on the order of 1 min or 30 s may be used, and a chemical 
monitoring frequency of 30 min to 1 h. The time period for monitoring after the injection test 
will depend on the areal extent of the test. Tests of large areas will be monitored for longer time 
periods than small localized tests. Pressure pulse monitoring need only continue for a short 
period of time (days), whereas monitoring of the flow-through-time data may need to be 
continued for weeks or months, depending on the size of the test. 

6.2.5 . TVA Electromagnetic Borehole Flowmeter Tests 

The electromagnetic' (EM) borehole flowmeter was designed and constructed by the 
Tennessee Valley Authority in 1987 to overcome the limitations of conventional impeller borehole 
flowmeters .. The system consists of three primary components: a flow probe, a packer assembly, 
and an electronics package. The flow probe includes an electromagnet with two electrodes on 
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opposite sides of the cylinder and an amplifier cemented in a watertight epoxy and covered with 
a stainless steel jacket. Water moving through the hollow core of the flowmeter in the presence 
of the electromagnet induces a voltage directly proportional to the flow rate, which is measured 
across the two electrodes. The probe transmits the flow-induced voltages through a waterproof 
cable to the electronics package at the surface. A portable computer converts the voltage into 
units of flow and records the raw and processed data. The entire system is compact and easily 
mounted in a van or truck. 

In field tests, the flowmeter is progressively positioned at intervals down the well, and 
vertical flow is recorded while a constant and known flow rate is withdrawn from or injected into 
the weI).. After the rate of drawdown in the well has stabilized, the flowmeter is used to take 
flow measurements at selected depths. Changes in vertical flow with depth indicate water 
entering or leaving the well. Assuming initial conditions and aquifer physical properties, well 
hydraulic equations can be used to calculate the hydraulic conductivity profile (Young et a1. 
1992). 

The sensitivity of the EM flowmeter does not depend on parts that move, corrode, or wear 
down. The EM flowmeter can measure within a few percent of flow rates as low as 10 mL 
min·I

, making it very attractive for low-injection/pumping rate situations. The probe will fit into 
a 5-cm (2-in.) diameter well. For wells 5 to 8.8 cm (2 to 3.5 in.) in diameter, a plexiglass collar 
is fitted to the probe to force flow through the hollow core. For uncased wells or 8.8- to 25-cm 
(3.5- to to-in.) diameter wells, an inflatable packer is used. The probe and packer assembly have 
no moving parts, so the probe is durable and rarely needs recalibration. The flowmeter has been 
operated successfully at a maximum depth of 170 m (558 ft). The threshold dissolved solids 
concentration needed for accurate electromagnetic readings is not known but is considerably low. 
In tests completed to date, tap water has been sufficient. 

In most applications, a pump test is performed to estimate the total aquifer transmissivity and 
the EM borehole flowmeter is then used to determine the vertical distribution of conductivity. 
In most wells tested on the ORR, > 70% of the total discharge is from < 20% of the total 
screened interval (Nyquist et al. 1992). In the open holes tested to date, most of the flow enters 
and exits the well at one or two fractures over a several-hundred-foot interval. Over the same 
interval, conventional geophysical logging tools or geological mapping means show that many 
more fractures exist. Consequently, flow appears to be dominated by a small number of highly 
permeable fractures, and the Tennessee Valley Authority EM flowmeter can be used to map the 
fractures that are hydrogeologic ally Significant. 

6.2.6 Rock and Soil Parameters 

6.2.6.1 Bulk density 

The soil bulk density, Pb' is the ratio of the mass of the solid phase of the soil (Le., dried 
soil) to its total volume (solid and pore volume together). The bulk density of a soil sample is 
evaluated on the basis of two measured values: (1) M .. the oven dried mass of the sample, and 
(2) Vb, the bulk volume or the total volume of the sample. M. can be obtained by drying the soil 
sample (usually at 110.±. 5°'C) until it reaches a constant weight. This laboratory technique 
directly determines the dry bulk density of a' soil sample (DOA 1970, Appendix II). Possible 
direct methods for measuring bulk density include the core and excavation methods, which 
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essentially consist of drying and weighing a known volume of sample. An indirect method of 
measuring the soil bulk density, applicable for in situ rather than laboratory determination, is the 
radiation method, or gamma-ray attenuation densitometry (Blake and Hartge 1986; ASTM 
1992b,c). 

6.2.6.2 Core method 

In the core method (Blake and Hartge 1986; ASTM 1992d), a cylindrically shaped metal 
sampler is introduced into the soil, with care to avoid disturbing the sample. At the desired depth 
in the soil, a known bulk volume, Vb of soil material is collected as it exists in situ. The sample 
is then oven-dried and weighed to obtain the mass, M.. The value of the bulk density is 
calculated by dividing the mass by the volume. This method usually is unsatisfactory if more 
than an occasional stone is present in the soil. 

6.2.6.3 Excavation method 

In the excavation method (Blake and Hartge 1986), the bulk density of the soil is determined 
by excavating a hole in the ground, oven-drying and weighing the amount of soil removed from 
the ground to determine the ~s, and measuring the volume of the excavation. The volume can 
be determined in different ways. One is the sand-funnel method (ASTM 1992e) in which' a 
selected type of sand with known volume per unit mass is used to completely fill the hole. Then, 
by measuring .the total mass of sand needed to fill the hole, the volume can be determined. 
Another way to measure volume is the rubber-balloon method (ASTM 1992f) In this technique, I. 

a balloon is placed within the hole and filled with water or other fluid until the hole is completely 
full; the voiume of the excavated soil sample equals the volume of the fluid dispensed to fill the 
hole. 

6.2.6.4 Radiation method 

The radiation method (Blake and Hartge 1986; ASTM 1992b,c) is based on the principle that 
the amount of gamma radiation being attenuated and scattered in the soil· depends on the soil 
properties, including the combined densities of the solid/liquid components of the medium. By 
measuring the radiation that is transmitted through the medium or scattered by soil components 
and reaches a detector placed at a distance from the source, and by using proper calibration, the 
wet density of the soil can be determined. To determine the bulk dry density, Ph, a correction 
of the result is needed to delete the contribution from the liquid phase of the soil. 

The radiation method has several advantages over the laboratory methods: (1) it yields an 
in situ evaluation of soil density, (2) it causes minimum disturbance of the soil, (3) it requires 
a relatively short measurement time, (4) it is more applicable for deeper subsoil determinations 
because it requires minimal excavation, and (5) it is a nondestructive technique; continuous or 
repeated measurements can be performed at the same spot. . The main disadvantage of this 
method is that, because it is a more sophisticated technique, it requires expensive equipment and 
highly trained operators. The operator should be able to handle the frequent calibration 
procedures, the electronics, and the sampling equipment, and must be trained in radiological 
protection procedures and the radiation asp~ts of the entire operation. 
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6.2.6.5 Porosity 

Porosity describes the relative pore volume in a soil.· It refers to the volume fraction of 
pores and is expressed as follows: 

where 

n. = porosity, 

Vv . n. =-, 
Vb 

V v = volume of voids in a soil mass, 
Vb =:= bulk volume of the soil mass. 

The fraction of the volume occupied by solid particles (71,) can be expressed as: 

where 

Pb = bulk density of the soil, 
P. = particle density of the soil. 

Pb 
118 = P

s 

(1) 

(2) 

The porosity can be defined as the percentage of the bulk volume not occupied by solids' as 
follows:. 

nil = 1 - '1 •. (3) 

Therefore, porosity can be calculated by determining bulk density and particle density of the soil. 
Total porosity was determined for the ORNL Engineered Test Facility site by assuming a value 
for particle density (Davis et al. 1984). Bulk density can be determined by the methods described 
in Sect. 6.2.5.1. The method for determining particle density is described below (ASTM 1992a). 

Particle density of soil samples is measured by using a pycnometer (specific gravity flask). 
Two measured quantities, namely, mass and volume of the sample, are required to determine the 
particle density. The mass of the sample is determined by weighing, and the volume is 
determined by calculating the mass and density of water displaced by the soil sample. 

A clean, dry pycnometer is weighed in air. A soil sample is poured into the pycnometer, 
and the weight of the pycnometer and soil sample is taken. The pycnometer is filled with water, 
and the pycnometer containing soil and water is also weighed. The soil sample is then removed 
from the pycnometer, which is filled with distilled water at room temperature and reweighed. 
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The particle density is then calculated as: 

Pw(W. - w.) 
P;----..-:.:....-...::--~--

p (W. - W) - (W .. - W w) 

where 

Pp = particle density, 
Pw = density of water at observed temperature, 
W. = weight of pycnometer and soil sample, 
Wa = weight of pycnometer filled with air, 
W IW = weight of pycnometer filled with soil and water, 
W w = weight of pycnometer filled with water at observed temperature. 

(4) 

Preparation of equipment, sampling procedures, and precision should be maintained as outlined 
in ASTM (1992a) and Methods of Soil Analysis, American Society of Agronomy (Klute 1986). 

6.2.6.6 Field capacity 

Field capacity is the water content at which internal drainage is assumed to cease. -For 
practical purposes, it is defmed as the amount of water content remaining in a soil 2 d after the 
soil has been saturated (Peters 1965). An initially saturated soil with a moisture profile, if 
drainage is allowed to continue, will reach a moisture content low enough·to make change of the 
profile almost imperceptible (Childs 1969). This moisture content after the cessation of 
infiltration is stationary and is called the field c~pacity. 

Many attempts have been made to establish the criteria for determining the field capacity 
(Jury et al. 1991; Morrison 1983; Peters 1965). Field capacity has been described in terms of 
the amount of water retention at a particular . matrix potential. It has been suggested that the 
moisture content corresponding to 113 bar represents the field capacity of a soil (Peters 1965). 
In this approach, soil moisture characteristic curves can be established for a particular soil. and 
the field capacity corresponding to 1/3 bar can be determined. Field capacity can be determined 
in both laboratory and field by allowing drainage from an initially saturated soil. The laboratory 
and field methods are described below. 

A column of soil sample is collected in a Plexiglas cylinder with porous plates at both ends. 
The soil water content is brought into complete saturation. Time-domain reflectometers and 
tensiometers are connected to the sample at different locations to determine the soil moisture 
content and suction head. The soil sample should be completely covered by plastic to prevent 
evaporation. Finally, the soil sample is allowed to drain, and the time-varying soil moisture data 
are recorded. 

The soil moisture profile is plotted, and change in soil moisture distribution is observed. 
After complete drainage, the rate of change in the soil moisture profile will be almost 
imperceptible, and the corresponding moisture content can be interpreted as the field capacity 
(Childs 1969). 
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The soil moisture content with respect to time can ~ plotted. The moisture content after 
cessation of drainage will reach a steady-state condition. The steady-state moisture content can 
be regarded as the field capacity of the soil (Bagerzadeh 1993). All the soil data can be subjected 
to statistical analysis to determine the representative and appropriate value for field capacity. 

Field Method. The concept of the determination of the field capacity of a soil in the field 
is similar to the laboratory method. A field site is selected for sampling of the soil in its normal 
driest condition. A raised border should be placed around the plot at least 2.4 x 2.4 m (8 x 
8 ft) (Peters 1965). Sufficient water should be added to wet the soil of the entire sampling area 
to the depth of interest. 

The plot should be covered with polyethylene plastic to prevent evaporation. The soil is 
allowed to drain for - 2 d. Soil samples can be collected and analyzed, or time-domain 
reflectometers can be used to determine the soil moisture content, which should be determined 
by successive increments to the depth of wetting. The moisture content at the time of sampling 
is defined as the field capacity of the soil. 

6.2.6.7 Residual saturation 

van Genuchten (1978) has suggested measuring the residual. saturation experimentally by 
determining the moisture content on very dry soiL The residual saturation can also be estimated 
by extrapolating soil moisture retention data of a soil. An estimate of residual saturation can be 
made by selecting a value of moisture content at which the curve of suction head 'versus moisture 
content appears to approach a vertical asymptote (Brooks and Corey 1964), 

6.2.6.8 Radioactive decay and biodegradation 

Nuclear, chemical, and biological processes play major roles in the fate of some 
contaminants and thus are important aspects of all fate and transport modeling. For example, 
concentrations of both radioactive isotopes and organic compounds remaining in the environment 
for long periods would be greatly overestimated without accounting for the effects of radioactive 
decay and biodegradation. Therefore, information about radioactive decay and environmental 
biodegradation will be used in the transport models. 

6.2.6.9 Radioactive decay 

The decrease in the quantity of a radioactive material over time is calculated by the 
exponential decay relationship: 

A = Ao e lit. (5) 

where 

A = Activity at time t, 
Ao = Activity at time t=O, 
a = radioactive decay constant (day-i), given by: 
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a = In (2) I Tlfl' (6) 

where 

TlIz = radioactive half-life (day). 

Equation 6 will be used to generate radioactive decay constants for the radiological constituents, 
that may be needed in support of the fate and transport modeling for the GWOU. 

6.2.6.10 Biodegradation 

The Handbook of Environmental Degradation Rates (Howard et al. 1991). prepared for EPA 
by the Syracuse Research Corporation to support the Superfund Amendments and Reauthorization 
Act Sect. 313, is an excellent source for determining degradation rates for organic chemicals. 
Reported half-lives reflect only the most important degradation process or processes. 
Biodegradation, and hydrolysis to a lesser extent, is the principal means of degradation in 
groundwater. The abiotic process of hydrolysis is important, but to a lesser extent. Other abiotic 
reactions, such as photolysis and oxidation/reduction, do not play an important role, in 
degradation. A range of half-lives is available for most of the chemicals in each environmental 
compartment (e.g., air, soil, and water). In general, biodegradation rates for groundwater-are - . 
slower than those for soil and surface water because groundwater is often limited in terms" of 
microbial populations; rates are often one-half those of surface water. . -, ".\:. 

To support the fate and transport modeling for the GWOU, the most conservative value 
(e.g., the longest half-life) will be used for determining the degradation coefficients. - The 
followi'ng equation (Cember 1983) will be used to calculate the degradation coefficients: 

ac = In (2) t Tl/2' (7) 

where 

a" = degradation coefficients (day-l), given by: 
TII2 = degradation half-life (day). 

6.3 GROUNDWATER FLOW SYSTEM DEFINITION 

Hundreds of monitoring wells and piezometers are currently available within the GWOU 
boundaries for sampling groundwater or measuring hydraulic head. Most of these wells were 
installed as part of the following investigative programs: 

• pre-RAP; 
• hydrofracture monitoring; 

• RAP; 
• remedial investigations at individual WAGs; 
• WAG perimeter water quality monitoring; and 
• the hydrologic head monitoring stations (HHMS) task. 
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A number of groundwater monitoring programs and investigations are underway at ORNL: 

• groundwater monitoring at WAG perimeters; 
• hydrochemical data assessment; 
• groundwater level monitoring; 
• shallow drive point investigation; 
• shallow groundwater anomaly investigation in Melton Valley; 
• HHMS activities; 
• site-wide groundwater modeling; and 
• groundwater investigations for individual WAG remedial investigations .. 

Most of these studies are being carried out by the WAG 2/S1 program and will be transferred into 
the GWOU during the coming years (Clapp and Watts 1993). 

A major initial effort in the GWOU investigation will be the review of existing data and the 
existing well network to decide the suitability of wells for use in fulfilling the data gaps identified 
in Chap. 5. When the existing wells network cannot be used to obtain data that address data gaps 
in the GWOU, new wells will be installed. 

In addition to monitoring groundwater to fulfill some data gaps, it will be necessary as part 
of the GWOU characterization to monitor flow at seeps, springs, and surface water streams;' 
Although surface water is not considered a medium to be addressed in this OU, it acts as an exit 
pathway for groundwater; therefore, surface water, seeps, and springs will be monitored to 
address exit pathways from the OU. Surface water monitoring will take a similar approach to 
that for groundwater in that the extensive existing surface water, spring. seep monitoring network 
in the GWOU will be evaluated for applicability. to the data gaps before new monitoring points 
are established. Surface water, spring, and seep flow monitoring are described below in Sects. 
6.3.1. through 6.3.4. 

The data gaps related to the definition of the groundwater flow system within the GWOU 
are as follows: 

• the degree of hydraulic head variability within the Knox aquifer along Chestnut and Copper 
Ridges; 

• the hydrologic character of the water gap in Haw Ridge; 

• the role of the topographic 'divide at the west end of Bethel Valley as a groundwater divide; 

• groundwater underflow of west boundary; 

• hydraulic head along the east boundary; 

• the topography of the brine surface beneath the OU (in particular. the factors affecting the 
depth to brine in the Knox aquifer); 

• the extent of flow over the Knox/Chickamauga and Knox/Nolichucky boundaries; 
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• seep and spring input to the 0 U; . 

• streamflow of perennial streams entering the au; 

• streamflow in exit pathway streams including Raccoon Creek; 

• seeps and springs west of the topographic divide at the west end of Bethel Valley; 

• seeps and springs in the Clinch River; and 

• the volume of water imported into the au. 

6.3.1 Seep and Spring Monitoring 

This section outlines the procedures required to implement systematic monitoring of seeps 
and springs in the au. Seeps and springs .are the exit points for groundwater and groundwater 
contaminants on the aRR. They also provide significant input to the au water budget by way 
of seeps and springs arising from the Knox aquifer on the north and south boundaries of the au. 
Monitoring of seeps and springs, therefore, may allow quantitative assessments to be made 
regarding water budgets and changes in· contaminant flux. In addition, seep and spting 
monitoring will yield information about contaminant releases, thus providing. insight ':ihto 
contaminant transport processes. 

6.3.1.1 Seep and spring locations 

A seep and, spring survey is an important component of this characterization plan. 
Numerous seeps and springs in the OU have been mapped (Fig. 6.1). Many undocumented seeps 
and springs probably are also located within the aU-especially seeps, which are not as apparent 
as springs. 

-
Before initiating a seep and spring survey, the au will be evaluated to determine which 

areas are most crucial to the goals outlined in this document. When these priority areas have 
been identified, a systematic survey of each will be conducted. 

Seeps and springs in the ORR tend to occur in low-lying areas near drainages. Initially, a 
field reconnaissance will be conducted to identify visible seeps and springs throughout a priority 
area and along any drainages that might eventually pass through the area. The initial 
reconnaissance will be conducted during the dry season, concentrating on areas where 
groundwater discharge would be most probable (Le., heads of drainages, along drainages, etc.). 
In this way, exit pathways for baseflow could be evaluated for rate of flow and contaminant flux. 
The locations of these seeps and springs will be numbered and recorded on maps and in log 
books. The identified locations either will be permanently monitored or revisited during wet 
season, wet weather. and conditions to characterize changes in contaminant flux and rate of 
baseflow. 

An experimental program for identifying impalpable and camouflaged seeps and springs will 
run concurrently with the field reconnaissance. This program will involve measuring water 
temperatures at specific intervals along stream reaches. As envisioned, the procedure will be 

93-140P/082294 

\~'; 

., 

!: 
-~ .,' 

.. 1l. 

,...;,:. 



Fig. 6. t. Known locations of GWOU seeps and springs (inverted triangles). au boundaries are shown in bold; shading denotes the WAGs. 
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conducted in winter when the difference between air temperature and groundwater temperature 
is greatest and when the rate of heat loss from emerging groundwater is greatest. A particular 
stream reach of interest will be identified and a nylon cord, marked with numbered intervals 
spaced 1 m (3.3 ft) apart, will be laid along it. The stream will be characterized at each interval 
as either fast·flowing, slow-flowing, or pool. Water and air temperature measurements will be 
taken at each interval during the early morning hours when air temperature has been stable for 
1 h or more. It is anticipated that a relatively steady decrease in temperature will be observed 
from the head of the stream reach to its end. However, because groundwater retains heat longer 
than surface water, seep and spring contributions to the stream will be marked by temperature 
increases. 

6.3.1.2 Seep and spring monitoring tasks 

Once identified, either in the records offormer seep and spring surveys, during field surveys 
conducted specifically for the GWOU characterization or during the experimental program, the 
following specific monitoring tasks for selected seeps and springs will be conducted: 

Measurement of Seep and Spring Flow. The resulting data will be essential for 
determining water balances in the au. In addition, these data will be combined with measured 
contaminant concentrations to quantify contaminant flux. 

Cold-weather Flyover. To help identify springs within the Clinch River that represen(the 
discharge of submerged groundwater flow paths, a cold-weather flyover will be conducted using 
thermal infrared photography. The infrared photography will highlight .areas of likely discharge -;, 
by delineating waters of different temperatures. Once potential areas are identified, surface water 
measurement can be conducted to pinpoint and characterize submerged springs. 

"i': ., 

6.3.2 Stream Flow Monitoring 

Monitoring stream flow within the GWOU boundaries will provide important information 
for understanding underflow of the OU boundaries, areas of groundwater recharge and discharge, 
and mechanisms of contaminant transport and migration. Additionally, the data derived from the 
measurements are necessary for calibrating groundwater models. Monitoring activities for the 
GWOU will focus on characterizing the locations of gaining and losing stream reaches (Fig. 6.2). 
Stream flow monitoring is already being conducted as part of WAG 2 activities, but not for all 
stream locations important to the GWOU including Bearden Creek (which is important for 
understanding groundwater underflow of GWOU boundaries), Raccoon Creek and its tributaries 
(for understanding underflow of the topographiC divide at the west end of Bethel Valley), and the 
northwest tributary to White Oak Creek (for understanding contaminant transport in the 
subsurface). 

6.3.3 Piezometric Head Measurements 

Hydraulic head monitoring for the GWOU will be conducted in three ways: (1) conventional 
periodic water level monitoring, such as the monthly monitoring program currently operating for 
WAG 2; (2) monitoring of vertical head distr~bution using multiport sampling systems or nested 
piezometers; and (3) continuous monitoring of water levels in selected wells to produce well 
hydrographs. 
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FII. 6.2. ORNL surface water monitoring stations (triangles). Proposed monitoring statioos along the northern boundary are designated by squares. 

The bold line marks the· OU boundaries. 
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6.3.3.1 Periodic groundwater monitoring 

Periodic groundwater level monitoring is a fundamental aspect of site monitoring that 
provides data used to determine hydraulic gradients and general groundwater flow directions and 
velocities. Figure 6.3 shows the location of monitoring wells that were sampled at monthly 
intervals during FY93 for the WAG 2 effort. It is currently envisioned that monitoring of these 
wells will continue for a long duration to establish a data base of consistent groundwater 
elevations for this site (Clapp and Watts 1993). Data from this monitoring network will be 
available to the GWOU and will form the majority of the pe~iodic groundwater elevation databaSe 
for characterizing the GWOU. 

Where data gaps cannot be resolved using these monitoring well data, the need for additional 
monitoring wells will be identified. Additional monitoring points will be added to this network 
of wells to address specific data gaps, and their design will be such that the DQOs for that data 
gap will be satisfied. For example, the conceptual site model identifies the strong stratigraphic 
control on groundwater flow in the GWOU, and it follows that hydraulic head distribution is also 
strongly influenced by stratigraphy. To evaluate the ability of the current monitoring well 
network to identify variations in head distribution resulting from stratigraphic control of flow, 
each well in the existing monitoring well network will be reviewed for well depth, recorded or 
likely bottom formation, construction, and existing head monitoring data. Where strata-bound 
flow paths have been identified (Le., in WAG 1 at CH"()(}8), additional monitoring wells may be 
needed to monitor head variations specifically at that stratigraphic interval. New wells may also 
be located at sites where flow paths are suspected or anticipated to· evaluate flow directions and 
velocities. 

6.3.3.2 Multiport well sampling devices 

.. One of the key parameters in completing many of the data gaps in the GWOU investigation 
is the vertical head distribution at various points in Bethel and Melton Valleys. Analysis of 
vertical head distribution, combined with detailed geological information will be important in 
understanding stratigraphic controls on groundwater flow. Some of these data gaps may be filled 
by using the existing monitoring well network. However, in instances where a specific 
stratigraphic zone is being targeted, detailed geological information and accurate positioning of 
the well sample port or screen will be necessary. In such cases, new wells with either multiport 
sampling devices or short screen intervals will be installed. Each of these wells will be bored 
using core drilling techniques over enough of the hole to identify the target zone and to allow 
accurate positioning of the screen or port. 

The choice of whether to install a multiport sampling device or a nest of monitoring wells 
will be driven by cost and will be site specific. Where a small number of stratigraphic horizons 
are targeted (2 or 3), a nest of piezometers may be less expensive to install and monitor than a 
mUltiport (MP) instrument. Where a greater number of zones are targeted, MP devices will be 
used. 

An aquifer sampling and measurement system currently being considered for the GWOU 
investigation wells is the MP sampling system designed by Westbay Instruments, Ltd. The MP 
system consists of permanently installed well casing, couplings, and packers and portable pressure 
measurement and sampling probes. Details of the MP sampling system are provided in Westbay 
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Fig. 6.3. Location of wells included in routine water level measurement programs at ORNL. 
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Instruments (1993) and Black et al. (1986). Valved measurement port couplings are installed in 
the drill hole casing wherever measurements or samples are desired (Fig. 6.4). The MP system 
is a closed, single access tube monitoring system; pressure measurements can be calibrated and 
verified at any time. A probe is lowered into the casing, locates a measurement port coupling, 
and takes a reading or sample (Fig. 6.5). An unlimited number of measurement port couplings 
can be placed in a single well, and duplicate pressurized or unpressurized groundwater samples 
can be obtained. 

The components selected depend on the purpose being served and the depth of the drill hole. 
In all cases, regular couplings and casing, and a means of sealing the drill hole with packers or 
backfilling, are required (Fig. 6.4). When packers are used, an inflation tool and pump are 
needed to inflate the packers with water. The number of monitoring ports required for pressure 
measurements and/or sampling determines the number of measurement port couplings, packers, ' 
and pumping port couplings. The type of probe used (pneumatic or electric) depends on the 
depth of the drill hole, the frequency of probe use, and the degree of accuracy required. Electric 
probes are needed for drill holes > 75 m (246 ft) in deptl!.. The MP system has been used in 
many different geologic and climatic environments in drill holes ranging from a few meters to 
1200 m (3937 ft) (Black et al. 1986). 

Testing and sampling are isolated from the influence of water within the MP casing, which 
reduces time lag on fluid pressure measurements and eliminates changes in fluid chemistry that 
can occur in the casing of a conventional standpipe well or other open tube sampling system. 
Tracers can be injected and sampled through either measurement ports or pumping ports. 
Measurement ports together with a sampler probe offer a convenient way of taking samples for 
tracer tests with minimal disturbance to the groundwater environment. 

Measurement port couplings can be installed wherever pressure measurements or water 
samples are required. The sample is drawn directly from the formation fluids outside the 
measurement port and the fluids inside the casing are unlikely to be a significant factor (Black 
et al. 1986). There is no need to pump a number of well volumes before each sampling period. 
Because the MP system is a discrete sampling system, the samples only characterize the 
groundwater within the sampling zone. The chemistry of these ,discrete samples may vary 
considerably from the water chemistry averaged over the entire saturated thickness. Pumping 
ports can be installed wherever it is necessary to pump water into or out of the formation. Using 
data from the sampling and measurement zones, it is possible to acquire a very detailed hydraulic 
head profile from each well, which will provide detailed information needed to define local 
groundwater conditions (Fig. 6.6). 

6.3.3.3 Continuous water level monitoring 

The conceptual site model highlights the need for information concerning the temporal 
variation in groundwater levels and how this relates to stormflow, baseflow, and contaminant 
migration in groundwater . Shallow groundwater flow at ORNL tends to have rapid temporal 
changes in the magnitude of flow. Although continuous head monitoring has been applied to 
stream and spring monitoring, relatively few wells have been installed in the GWOU to obtain 
this type of information for groundwater (mainly in WAG 6). 
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Fig. 6.4 Westbay Multiport (PdP) systemsbowing packerlbackf"ill and port setup. Packers are 
primarily used fon (1) small diameter drillholes (those too small for good quality backfilling), (2) deep 
drillholes. (3) protection agaiDst high or low fluid pressure.s in the drillhole. or (4) to reduce labor. Backfilling 
is used primarily for: (1) larger diameter drillholes. (2) sballow drillholes. or (3) hydrostatic pressure 
distribution. Source: Westbay Instruments, Ltd. 1993 .. 
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Fig. 6.5. Multiport pressure probe operation. Source: Westbay Instruments. Ltd. 1993. 
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Fig. ,.,. Example of actual MP installation ming 19 measurement port couplings isolated by 22 
water inflated packers. A geologic log is beside th~ casing log. Piezometric level obtained from each 
pressure probe measurement is plotted versus the depth of the port. Piezometric levels recorded prior to the 
start of pumping are compared with readings taken several days later during the pumping test. Source: 
Westbay IDstnunents. Ltd. 1993. 
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Pressure head will be monitored continuously in groups of selected wells that are chosen to 
carry out specific tests. For example, at the west end of Bethel Valley, preferential flow paths 
may exist with contaminant plumes moving both east and west away from WAG 3. The Witten 
formation has been identified as a potential stratigraphic horizon that could act as a preferred 
conduit. Monitoring a group of wells to test the dynamics of pressure head in this and 
surrounding formations near WAG 3 should help evaluate the mechanics of water flow in that 
area. 

The continuous well group monitoring will have four main purposes: (1) to test specific 
hypotheses; (2) to understand the relationships between permanent monitoring wells and the 
regional groundwater flow system; (3) to select better locations for permanent monitoring wells; 
and (4) to identify likely preferential flow paths. Continuous pressure head monitoring data will 
be collected using pressure transducers, and data will be recorded using data loggers over time 
periods that depend upon specific data gap needs. 

6.3.4 Geochemical Monitoring 

Geochemical monitoring will be carried out in two broad categories: (1) sampling and' 
laboratory analysis of groundwater and surface water for contaminants based on the cope list, 
and (2) continuous monitoring of selected water qUality parameters such as pH, temperature, 
specific conductivity, o~ radioactivity using ion-specific electrodes or probes. GrouIidwater, seep, 
spring, and surface water monitoring will be performed. Although surface water is not 
considered part of this GWOU investigation, seeps and springs are exit pathways for groundwater 
and will therefore be sampled to allow identification of groundwater exit pathways. At least·lO% 
of all samples collected for geochemical analysis for contaminants will be analyzed for the full 
target analyte and compound suite of analytes. 

6.3.4.1 Surface water 

Baseflow is the streamflow stage of most interest to the GWOU investigation. In recent 
source unit remedial investigation efforts, much emphasis has been placed on the effectiveness 
of stormflow for contaminant migration within the OU. In the GWOU, the need is to monitor 
streamflow for its groundwater contribution and, therefore, baseflow (not stormflow) must be the 
emphasis of sampling. 

Sampling and analysis of groundwater and surface water will be performed at selected 
locations to determine the nature and extent of groundwater contamination, to monitor potential 
exit pathways for contamination, and to identify preferred flow paths where the contaminants act 
as a tracer. Monitoring wells will be selected for sampling based on water level monitoring data 
and the suitability of construction (e.g., open holes wili not be selected). In addition, WAG 
perimeter wells will be sampled for compliance monitoring. Wells will be sampled during 
contrasting hydraulic conditions (Le., low baseflow and high baseflow) to capture se'asonal 
variability, and the period of sampling will be determined based on the water elevation 
monitoring data. 

Concern has been expressed that in a flow system dominated by fracture flow such as that 
at ORNL, excessive purging of wells that tap preferred flow paths could increase the rate of 
contaminant migration toward that well. Therefore, purging rates need to be kept to a minimum, 
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depending on the practicability of purging at low rates, which is well specific. In some cases, 
it may be possible to purge the well while maintaining a constant head. Where hydraulic head 
drawdown ip a well during purging is such that the well runs dry, even at very low purge rates, 
the well will be considered unsuitable for geochemical sampling. 

Constant monitoring of pH, temperature, specific conductivity, and radioactivity will be 
carried out at selected surface water sites and monitoring wells. This monitoring will be 
conducted in combination with continuous pressure monitoring, as described above. Continuous 
monitoring data will be taken using ion-specific electrodes and/or probes. Data will be recorded 
using data loggers over time periods that depend on specific data gap needs. 

Selected seeps and springs will be sampled on a periodic basis. Springs to be sampled will 
be selected based on the location of identified groundwater flow paths or contaminant plumes. 
Springs close to known plumes will be sampled to establish the likely exit pathway for that 
plume. Springs that issue from a formation known to contain a preferred flow path will also be 
sampled. Surface water will be sampled at selected monitoring points. 

6.4 SUBSURFACE CHARACTERIZATION 

A significant effort of the investigation will be devoted to defining the subsurface "geology 
of the GWOU. It is critical to identify and characterize the hydrostratigraphic units that might 
act as exit pathways or aquicludes that confirm the integrity of the GWOU. The following is a 
summary of the data gaps related to the subsurface geology of the OU: 

• the degree of connection between solution cavity systems in the Knox aquifer along the north 
and south boundaries; 

• the geologic and hydrologic character of the dolostone aquifer in the Rome Formation, 
including understanding (along strike and to depth) the extent of solution features, the extent 
of permeability, and the hydraulic head; 

• structures in Melton Valley that create preferential flowpaths and new exit pathways; 

• the depth to which solution phenomena provide enhanced permeability in the Knox aquifer; 

• the extent of digenesis and annealing of the rocks of the Knox aquifer; 

• the structure and general geology of the water gap in Haw Ridge; 

• the distribution of fractures in the aquiclude; and 

• the importance of solution cavities or solution widening of fractures in the aquiclude. 

6.4.1 Core Drilling 

Core drilling will be the intrusive test method that will provide definitive data for the GWOU 
investigation. Information obtained from coring will be used to calibrate the geophysical tools 
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and to provide unambiguous data regarding fracture characteristics and stratigraphic information. 
In addition, core holes will be used most often to employ multiport sampling tools for vertical 
head distribution measurements and multizone sampling. 

Recovered core is logged for two main characteristics: lithology and structure. Lithologic 
components are recorded as oolitic or intraclastic for limestones. Glauconite concentrations are 
also used to make correlations. Structure characteristics are defined as being any faults or 
fractures that could transmit water. Those fractures or faults that display staining, euhedral, 
anhedral, and granular crystals are noted as indicating groundwater flow. The orientations of 
fractures are noted with respect to core axis and strike of beds. Bedding dip is recorded on a per 
run basis. 

6.4.2 Geophysical Borehole Logs 

Geophysical logging will be used in the GWOU wells to obtain the required information 
about rock and fluid, properties' well construction or integrity, and the overall groundwater 
system. Geophysical logs can be quantitatively interpreted to determine values for some of the 
rock characteristics necessary for design and calibration of numerical groundwater models of the 
OU (Table 6.1). Parameters that can be estimated include lithology, geometry, resistivity, bulk 
density, porosity, permeability, moisture content, and specific yield of the groundwater units. 
Geophysical logging also provides a means to directly locate and measure areas of high por9sity 
and permeability that would produce the most water, such as fracture or joint sets or karst 
solution features. Zones with high-salinity water and regional groundwater flow patterns can be 
identified. 

Geophysical logs give a permanent record, based on repeatable measurements; thus data 
collected for one purpose are available for other, unanticipated, uses in the future. Many 
borehole geophysical logging techniques are applicable to groundwater investigations; only the 
methods that are appropriate and readily available through the ORNL geophysics staff are 
discussed here. In most borehole well logging applications to groundwater investigations, a suite 
of geophysical logs is made, rather than only a single type. The methods tend to be 
complementary; one may confirm the other. Likewise, certain interpretations are made on the 
basis of two or more logs. Figure 6.7 shows six different geophysical logs made on the same 
borehole, along with a lithologic log. It can readily be seen that the logs respond to the changes 
in lithology. 

6.4.2.1 Caliper logging 

A caliper log is used to measure the diameter of an uncased borehole in bedrock units. It 
can be used to identify solution-enlarged bedding planes and joints in carbonate aquifer units: 
It can also be used to find the casing depth in cased wells. The hole may also be enlarged by 
caving of the formations into the hole or by solution of minerals by the drilling fluid. 

6.4.2.2 Temperature logging 

A temperature log is a continuous vertical record of the temperature of the fluid in the 
borehole. This mayor may not be indicative of the temperature of the fluid in the rocks opposite 
the borehole fluid. The temperature log can reveal zones of differing temperature in the well. 
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Table 6.1. Borehole geophysical methods applicable to ORNL OU groundwater investigations 

Required information on the properties of rocks, 
fluid, wells, or groundwater system 

Bedrock lithology and stratigraphic correlation of 
aquifers and associated rocks 

Total porosity or bulk density 

Effective porosity 

Permeability 

Secondary permeability --fractures, solution 
openings 

Clay or shale content 

Specific yield of unconfined aquifers 

Grain size 

Moisture content 

Direction, velocity, and path of groundwater 
flow 

Cemeoting 

Location of water level or saturated zone 

Casing leaks and/or plugged screen 

Dispersion, ~i1ution. and movement of waste 

Source: Keys and MacCary 1971. 
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Geophysical logging technique 

Electric, sonic, or caliper logs made in open holes; 
nuclear logs made in open or cased holes 

Calibrated sonic logs in open holes; calibrated 
neutron or gamma-gamma logs in open or cased 
holes 

Calibrated long-normal resistivity logs 

No direct measurement by geophysical logging; 
may be related to porosity or sonic amplitude. 

Caliper, sonic, or borehole televiewer or television 
logs 

Gamma logs 

Calibrated neutron logs 

Possible relation to formation factor derived from 
electric logs 

Calibrated neutron logs 

Single-well tracer studies 

Caliper, temperature, gamma-gamma, acoustic 

Electric, temperature, or fluid conductivity in open 
(uncased) boreholes or inside casing; neutron or 
gamma-gamma in opeo hole or outside casing 

Tracer and flowmeter 

Fluid conductivity and temperature logs, gamma 
logs for some radioactive wastes, fluid sampler 
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There will be components of the geothermal gradient present; however. water in different aquifers 
may be at discrete temperatures, which may be detected in the log. Thermal logging can be used 
to trace the movement of water previously injected into an aquifer. 

6.4.2.3 Resistivity logging 

A resistivity log is a continuous measurement of the earth's resistivity. It is measured by 
lowering two electrodes into a borehole and measuring the resistivity between two additional 
electrodes. Resistivity is measured in units of ohm-meters. Depending on the electrode 
configuration, the resistivity of zones close to or far away from the borehole can be determined. 
For example, the 5.5-m x 20-cm (18-ft x 8-in.) lateral log will be best for beds at least 12 m 
(40 ft) thick. Resistivity logs are used to determine the formation resistivity, porosity, water 
saturation, and fluid resistivity. 

6.4.2.4 Spontaneous potential logging 

Spontaneous potential (SP) measures the natural electrical potential that develops between 
the formation and the borehole fluids. It is run only on an open hole filled with fluid. An SP 
device consists of a surface electrode and a borehole electrode with a voltmeter to measure 
potential. The SP curve can be used to determine bed thickness and geologic correlation and to 
delineate permeable rocks~ One of the most common uses of the SP curve is distinguish shale 
from sandstone lithology. Shale has a positive SP response and sandstone a negative one, if the 
salinity of the formation fluid is greater than that of the borehole fluid. 

6.4.2.5 Nuclear logging 

Some of the most useful geophysical- logging methods involve measuring either the natural 
radioactivity of the rock and fluids or their attenuation of induced radiation. Nuclear logging 
records the number of radioactive decay events over a fixed period of time. The longer the time 
constant, the less the likelihood that a variation in radiation intensity is due to random decay; 
instead the variation reflects different lithology. Consideration must therefore be given to the 
speed at which the probe is moved up or down the borehole. Selection of the proper time 
constant and logging speed is very important and depends on the equipment, logging technique, 
and lithology. Nuclear logging can be done in either a cased or an uncased hole, and the logs 
are not affected by the type of drilling mud. The use of radioactive isotopes involves special 
safety precautions. Nuclear logs do not have exact reproducibility, because of the statistical 
nature of the radioactive decay process. Repeat logging runs are necessary to determine whether 
an observed variation represents a lithologic change or a statistical fluctuation in the decay rate. 

, The thickness of the individual strata can be determined from nuclear logs if there is a change 
in lithology or porosity from one unit to the next. 

Three nuclear methods are generally used for composite identification: 

Natural Gamma Radiation. This is the nuclear logging method most commonly employed 
in geophysical borehole. Natural gamma is a measure of the natural radiation of rocks, as 
determined by the emission of gamma activity by 4OJC, the 238'U decay series, and the mn decay 
series. These are constituent materials for some shales and clays with high gamma activity. 
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Certain feldspars and micas are high in 4OJC.. A natural gamma log shows increasing radiation 
opposite sedimentary beds that contain potassium-rich shale, or clay, or phosphate rock. ' 

The natural gamma radiation increases with increasing clay or shale content, as well as with 
increased phosphate and potassium feldspars, but has no direct relationship to porosity. The 
neutron count rate increases with decreasing porosity. while the gamma-gamma count rate 
decreases. A stratum with low natural gamma radiation and low neutron count (or high gamma
gamma count) could be interpreted as a porous sandstone. A low natural gamma radiation and 
high neutron count could be a dense quartz sandstone or quartzite. The natural gamma radiation 
log has an advantage in that it can be performed on an existing cased well. 

Gamma-Gamma Radiation. In this type of logging, a source of gamma radiation, such 
as tiOCo, is lowered into the borehole. Gamma photons are absorbed or scattered by all material 
with which the Meo comes' in contact, including fluid, casing. and rock. The absorption is 
proportional to the bulk density of the earth material (the weight of the rock divided by the total 
volume). Bulk density can be determined from a calibrated gamma-gamma log, from which the 
formation porosity can be determined. 

Neutron •. A neutron probe contains a radioactive element, such as PbBe, which is a source 
of neutrons and a detector. The emitted neutrons are slowed and scattered by collisions~with 
nuclei of hydrogen atoms. An increase in the amount of water will result in an increase in'the ";\' 
number of neutrons that are captured or moderated. As a result, saturated rocks with a high 
porosity will have a lower neutron count than low-porosity rocks. Above the water table, the 'J . ... 

neutron-logging equipment can be used to determine the moisture content, but not the porosity. 
Neutron logging can be used to determine the specific yield of unconfined aquifers. 

6.4.3 Surface. Geophysical Investigations 

Surface geophysical methods will be integral to characterizing .the GWOU in obtaining 
information regarding the conditions of groundwater quality and the constraints of groundwater 
flow within and adjacent to the ORNL GWOU. Geophysical studies will be conducted in two 
overlapping phases. The objective of the first phase is to investigate a variety of geophysical 
methods and to better develop their applications for specific GWOU problems. The second phase 
is the large scale application of the results of the ,methods development phase. These two phases 
will overlap since the initial phase will be addressing real problems with results of utility to the 
characterization. Also, there will be a need for continuing methods development during the 
second phase. 

This section discusses: 

• 

• 

• 

a brief discussion of each of the surface geophysical methods likely to be used during the 
characterization; 

current and ongoing geophysical methods testing and development efforts; and 

the plan for the initial phase of geophysJcal methods testing and development with respect 
. to specific OU and WAG problems, including a discussion of the coordination with and use 
of current geophysical efforts, 
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Discussion of Geophysical Methods 

This section provides a brief discussion of a variety of geophysical methods. The primary 
surface geophysical methods of interest for the GWOU are: microgravity, self-potential, direct
control (DC) resistivity. magnetic. frequency and time-domain electromagnetics, seismic 
refraction and reflection, and ground penetrating radar. A brief summary of each of the above 
geophysical methods, typical data analysis and interpretation techniques, and subsurface 
conditions that affect survey results follows. 

Microgravity 

Microgravity has been successfully used on the ORR in delineating karst features (Wilson 
1991; Wilson and Ketelle 1992; Doll and Nyquist, unpublished study in Bear Creek Valley). 
Relative to karst characterization, microgravimetry can delineate subsurface cavities (depending 
on depth and size), map their areal extent, and is also sensitive to the weathered zone surrounding 
karst features. 

Microgravimetry is a potential field geophysical method which uses measurements of the 
earth's gravitational field to delineate variations of the subsurface density structure. Geologic 
structure can be derived from the subsurface density data. Subsurface karst features such as 
solution cavities and zones of increased weathering are typical targets for microgravimetry' 
surveys. 

. After standard data corrections have been applied, forward or inverse modeling is used for 
quantitative analysis. Nonuniqueness in microgravimetry, as with any potential field method, can 
only be reduced by incorporating site geologic constraints or other geophysical data. Geological· 
logs from wells and borings as well as a site conceptual model are used to constrain the gravity 
modeling. Once the modeling has been completed, lithology and geological structure are then 
inferred from the density models. 

Anomalous density structure is often related to karstification. Microgravimetry and the 
subsequent density modeling are capable of delineating zones of mass deficiency. In karstic 
environments, this mass deficiency is often due to not only to solution cavities but also to the 
reduced density of the altered zone surrounding solution features. Anomalous density structure 
may also be due to variations in regolith thickness, and it is critical that the extent of this 
influence be evaluated. 

Spontaneous Potential 

Spontaneous potential, also known as self potential, is a surface geophysical method that uses 
differences in the earth's ambient electric field to deduce geologic and hydrogeologic information. 
There are many processes including electrochemical interactions between groundwater and porous 
media, the movement of ions in groundwater, reduction-oxidation (redox) reactions, etc., which 
collectively comprise the earth's ambient electrical field or SP. Variations in the ambient electric 
field are termed SP anomalies and can be attributed to either subsurface geologic features or 
processes, anthropogenic features, or noise. Geologic phenomena that can produce SP, anomalies 
include groundwater flow, seepage, or infiltration. Anthropogenic features such as drums, metal 
well casing, and buried utilities can produce SP anomalies. 
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SP data can be quantitatively analyzed but is usually examined only in a qualitative sense. 
Quantitative analysis is difficult because of the large number of contributing factors that comprise 
the ambient electric field. It is often desirable to conduct some data processing to aid in the 
qUalitative assessment. It is sometimes necessary to correct for electrode drift, although this is 
seldom a problem when using nonpolarizing electrodes. Also, regional trends and/or trends that 
correlate with topography can easily be removed to aid in interpretation. The qualitative analysis 
is generally performed graphically by plotting and contouring the SP values. Geologis;al and 
hydrogeological interpretations are then based on the SP contour plots. 

Although generalizations regarding SP anomalies are difficult because of the many factors 
which contribute to the ambient electrical field, several points regarding SP anomalies should be 
considered. First, nearly all anthropogenic features such as metal well casings, buried utilities, 
and buried drums will produce large SP anomalies. Anomalies associated with these 
anthropogenic features are usually negative (relative to adjacent and unaffected SP values). Zones 
of pronounced horizontal and downward groundwater flow typically produce negative anomalies. 
For example, negativeSP anomalies are often associated with areas of enhanced seepage through 
landfill berms or earthen dams. Conversely, areas of upward groundwater movement are often 
associated with positive SP anomalies. 

DC Resistivity 

DC electrical resistivity is a surface geophysical method that uses an applied electrical 
current to delineate the subsurface electrical structure. Electrical resistivities are characteristically 
different in differing lithologies. Other factors such as the conductivity', of. pore fluids, 
weathering, fractures, and karst features can affect the electrical structure. DC resistivity surVeys 
can be configur~d to either delineate vertical electrical structure or to map lateral variations in 
resistivity. Typically, a combination of both electrical depth soundings and lateral mapping is 
used. ~. 

Forward and/or inverse modeling techniques are usually used to analyze resistivity data. 
Modeling analysis attempts to produce a model of the subsurface electrical structure that will 
produce a resistivity signature similar to the observed data. Although seldom used because of 
the wide availability of computer technology, several quantitative and qualitative graphical 
analysis methods exist for electrical resistivity data. Geological and hydrogeological information 
is then inferred from the modeling/analysis results. 

Although there are many possibilities; there are common geological phenomena that affect 
the electrical resistivity structure of the subsurface. Different lithologie!! often have significant 
electrical resistivity differences. Pore water, both the abundance of and electrical conductivity, 
greatly affects subsurface electrical resistivity structure. Increased pore water salinity decreases 
electrical resistivity values (by increasing conductivity). Weathering, faulting, and fractures also 
decrease electrical resistivity by increasing the volume of electrically conductive pore water. 

Magnetic 

Magnetic geophysical methods use the magnetic properties of the earth and buried materials 
to deduce information regarding subsurface conditions. Historically, magnetic surveys have been 
used in the mining industry to locate metallic ore bodies. With respect to environmental 
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applications, magnetic surveys are typically associated with locating buried metallic objects such 
as underground storage tanks drums, and pipelines. 

Analysis and interpretation of magnetic data are typically conducted in a qualitative or a 
semi-quantitative manner. Magnetic data are usually graphically plotted and contoured. After 
contouring, semi-quantitative assessment can be conducted by comparing the magnitude of 
observed anomalies to the magnitude of anomalies for known objects (such as drums). 
Quantitative forward or inverse modeling is possible but is not usually warranted. Usually the 
desired information is inferred directly from the contoured total field or gradient plots. 

For environmental applications, magnetic geophysical data are usually used to locate and 
delineate buried metallic objects. Buried metallic objects are usually very obvious features on 
contour plots of magnetic total field and vertical gradient data. 

Frequency-Domain Electromagnetics 

Frequency-domain electromagnetic surface geophysical methods, generally referred to as EM 
methods, uses electromagnetic waves to deduce subsurface electrical properties. A wide variety 

. of EM methods have been developed to use natural or artificial sources. The EM methods 
discussed in this section are limited to artificial source ground conductivity methods. Ground 
conductivity methods use electromagnetic induction for both transmitting and receiving signals. 
These types of EM methods are relatively fast. inexpensive, and can yield very useful results 
regarding lateral conductivity variations in the near subsurface. Unfortunately. EM methods are 
of little utility in identifying vertical variation in conductivity. Examples of subsurface features 
that can be delineated by EM methods are zones of high water content, karst features, preferential 
flow pathways, buried metallic objects such as drums, waste burial trench boundaries, landfill 
boundaries, and plumes of groundwater contamination. 

Analysis and interpretation of EM data are typically conducted in a qualitative or a semi
quantitative manner. EM data are usually graphically plotted and contoured. After contouring, 
semi-quantitative assessment can be conducted by comparing the magnitude of observed 
conductivity anomalies to the magnitude of anomalies for known objects (such as drums). 
Quantitative forward or inverse modeling is possible but is not usually warranted. Usually 
geological and/or hydrogeological information is inferred directly from contour plots of the 
electrical conductiVity. 

The types of information derived from EM data interpretation are based on phenomena that 
affect the electrical conductivity. As discussed in the DC resistivity section, water content greatly 
affects electrical conductivity. Areas of high water content are typically more electrically 
conductive than areas with less water content. For this reason, clay has a high conductivity (low· 
resistivity) due to its high moisture content. Zones of weathering, solutioning, faulting. and 
fracturing that have a higher moisture content are typically"more conductive than surrounding 
unaltered areas. Anthropogenic features that typically have easily detected electrical conductivity 
signatures are buried metallic objects such as drums, waste burial trench boundaries, landfill 
boundaries, and plumes of groundwater contamination. 
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Time-Domain Electromagnetics . 

Time-domain electromagnetics or transient elettromagnetics (TEM) use the transient decay 
of an induced electric field to determine the subsurface electrical structure. TEM can be used 
for both vertical electrical soundings and/or for lateral mapping of subsurface structure. TEM 
is typically used in determining subsurface geologic structure, determining the depth to the water 
table, and mapping ionic groundwater contaminant plumes or saline/freshwater interfaces. Field 
data acquisition is relatively fast as compared with resistivity surveys, although instrumentation 
is quite expensive. 

Forward and/or inverse modeling is needed to analyze the apparent resistivity versus time 
curves generated from a single TEM sounding. This type of analysis results in either 
one-dimensional or two-dimensional resistivity models of the· subsurface. The vertical electrical 
structure from several depth soundings can be used to generate two-dimensional cross sections 
or three-dimensional representations of the subsurface electrical structure. Geologic and/or 
hydrogeologic information is then inferred from the subsurface electrical structure. 

Although there are many possibilities, there are common geological phenomena that affect 
the electrical resistivity structure of the subsurface. Different lithologies often have significant 
electrical resistivity differences. Pore water, both the abundance of and electrical conductivity, 
greatly affects subsurface electrical resistivity structure. Increased pore water salinity decreases :
electrical resistivity values (by increasing conductivity). Similarly, contaminant plumes can be 
mapped using the subsurface electrical structure. Weathering, faulting, and fractures also: 
decrease electrical resistivity by increasing the volume of electrically conductive pore water. 

Seismic Refraction 

Seismic refraction is a surface geophysical method that uses the travel times of acoustic 
waves to deduce subsurface seismic velocity information. Geological properties are then inferred 
from the subsurface velocity information. Examples of geological factors that affect subsurface 
seismic velocities are lithology, weathering, faults, fractures, and karst processes. 

A wide variety of analysis and interpretation methods exists for the seismic refraction 
method. Graphical interpretation, forward, and inverse modeling all are commonly used to 
deduce the subsurface seismic velocity structure. Geological information is inferred from the 
seismic velocity structure. . 

Seismic velocity structure yields information such as depths to the water table, depth to 
bedrock, and the location of faults, fractures, and karst features. The seismic structure also can 
be used to deduce geotechnical properties such as competency, density, and elastic moduli. 

Seismic Reflection 

Seismic reflection is a surface geophysical method that uses seismic energy reflected from 
subsurface interfaces to' deduce subsurface geological structure. There is an ,extensive variety of 
data collection, data processing, analysis, and interpretation techniques available for the seismic 
reflection method. The typical end product of data processing and analysis is a seismic record 
section which consists of many seismic traces. Each trace represents the seismic response of the 
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subsurface to a vertically traveling seismic wave. Subsurface geological structure is then 
interpreted directly on the "vertical incidence" seismic section. Examples of geological factors 
that can be imaged with the seismic reflection technique are lithologic boundaries, faults, 
fractures, and karst features. 

Geological analysis and interpretation of seismic reflection data are primarily based on the 
results of data processing. Data processing is necessary to successfully image the subsurface. 
The large quantities of data generated with seismic reflection profiling 'require much sorting and 
gathering of data in a variety of formats. Filtering, sorting, muting unwanted portions of the 
seismic wave field, velocity analysis and correction, and surface static removal are examples of 
some of the many steps needed to arrive at a final seismic reflection section. Typically some 
form of forward and/or inverse modeling is employed during seismic data processing. Once the 
data have been processed, geological interpretation is conducted by inferring geological structure 
from the seismic section. 

Lithological and structural information is derived from seismic reflection interpretation. 
With careful interpretation of seismic reflection data, it is common to delineate both vertical and 
lateral stratigraphic changes. Structural features such as faults, fractures, and karst are routinely 
delineated during seismic interpretation. 

Ground-Penetrating Radar 

Ground-penetrating radar (GPR) is a surface geophysical technique, similar to seismic 
reflection, that uses reflected electromagnetic waves to image the subsurface. As with seismic 
reflection, subsurface geological structure is the primary information derived from GPR surveys. 
Examples of geological structure that GPR surveys can delineate are bedrock topography, 
groundwater table topography, faults, fracture, karst features, and underground utilities. 

Most GPR data are single fold and require little or no processing. GPR data analysis and 
interpretation are similar to seismic reflection analysis and interpretation in that geological 
structure is directly interpreted from the GPR section. Data processing with GPR is also'similar 
to seismic reflection processing. In contrast to seismic reflection techniques, much less 
processing is usually required prior to geological interpretation. 

Because of the potentially high resolution of GPR surveys, there are many geological and 
anthropogenic features that GPR can successfully image. Geological information such as depth 
to water, depth to bedrock, location of faults and fractures, and karst delineation can be obtained 
by interpretation of GPR data. GPR surveys can also image subsurface anthropogenic features 
such as culverts, buried utilities, underground storage tanks, pipelines, and drums. 
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7. FIELD SAMPLING/SURVEY PLAN 

7.1 INTRODUCTION 

The Field Sampling/Survey Plan (FS/SP) outlines the approach for the first 18 months of 
work necessary to meet the objectives of the Characterization Plan for the ORNL Area-Wide 
Groundwater Program. During this period, the investigation will focus mainly on nonintrusive 
activities. A review of historical data will be conducted in an effort to optimize available 
resources and direct efforts in subsequent stages of the investigation. These data will be 
evaluated for their quality and applicability to attaining the goals of this characterization plan. 
Data collection during this 18-month period will involve field activities such as piezometric head 
measurements in existing wells, and seep and spring monitoring and analysis. Additionally, in 
preparation for subsequent data collection activities, existing well bores will be retrofitted during 
this time period for vertical head measurements and discrete zone sampling, and geophysical 
methods will be developed for karst delineation and subsurface structure interpretation. Figure 
7.1 provides an approximate schedule of planned activities for the first 18 months of the GWOU 
investigation, and Fig. 7.2 displays the overall schedule for the initial 7-year period. The areas 
of investigation within the GWOU and the type of data to be obtained are shown in Fig. 7.3. 

7.2 OBSERVATIONAL APPROACH 

The Observational Approach is a step-wise method ,of investigation whereby the strategy for 
each successive step of the investigation is planned based upon evaluation of the information 
derived during the previous steps. The Observational Approach encompasses implementation of 
the DQO process while managing uncertainties inherent in the environmental investigation. In 
doing this, it combines stated objectives (e.g., defining the problem and ensuring data sufficiency) 
with contingency planning for unexpected developments. The characterization of the GWOU will 
employ the Observational Approach to foster a flexible investigation that will respond to new 
information. 

As described below, the investigation of the GWOU consists of a number of staged 
investigations in which the activities in the later stages of each investigation will be contingent 
upon results in preceding stages. The initial step in each investigation described in this FS/SP 
will be to evaluate existing data for adequacy and applicability to the goals of the plan .. This step 
is an opportunity to evaluate the goals of specific investigations in light of what is already known 
about the problems being addressed. It also helps focus any investigations toward these 
objectives by the most effective and efficient methods. Focusing each investigation will be an 
ongoing process throughout the duration of the GWOU investigations. As new data are derived, 
implementation of a particular investigation will be reevaluated .in light of .the new data so that. 
the next step in the investigation will be an effective and efficient continuation of the previous . 
step. 
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TASK 1 .2 3 4 7 8 9 10 11 12 13 

DATA REVIEWIEVALUATlON 
Seep and spring survey monitoring 
WAG 3 wells (>100 ft) monitoring 
WAG 1 Core Holes (1,3,5,73, 9,11) WB retrofit 
Hydrofrac 1 & 2 wells WB retrofit 
Hydrologic Head Monitoring Station weDs WB relrofit 
Purging, logging, and WB installation design 
Health and Safety Plan development - field surveys 
Drilling recommendations (WAG 3, Melton Valley, 

and Copper Ridge) 

I 

FIELD SURVEYSISAMPLING 
Clinch Rjver thermal mappiDg 
Raccoou Creek and Bearden Creek 

monitoring/sampling 
Haw Ridge dolostone mapping 
Seep and spring monitoring/sampling 
GWOU water - level monitoring 
WAG 3 water -level monitoring 
WAG 1 pressure monitoring/samplinga 
WAG 5 WB monitoringlsaniplinga 

II ydrofrac pressure monitori,ng/samplinga 
HHMS pressure monitoringlsamplinga 
Melton Valley weDs (Joy 2, CH 3) pressure 

monitoring) 
GEOPHYSICAL INVESTIGATION 
Preliminary Site Assessmenflsetup 
TEM calibration brine depth at Hydrofrac 2 -TEM and microgravity brine and karst ID - WAG 3 
TEM and microgravity eval. and implementation 

(west end Raccoon Creek, Bethel Valley lransects 
southside WOL) 

High-resolution seismic reflection development 
High-resolution seismic (0800 Area, Mellon Valley) 

a includes procurement time 
WB=Westbay 

Fig. 7.1. Tlmeline for proposed activities during the first 18 months of G WOU. 
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7.3 DATA REVIEW 

Review of existing data as it penains to the characterization plan will be one of the first steps 
in any investigation associated with this plan. The data that will have to be reviewed apply 
mainly to seeps and springs and groundwater wells. A general discussion of reviews of these 
data is described below and particular applications of the data are described throughout Sect. 7.5. 

7.3.1 Groundwater Well Review 

One of the primary efforts for data review will be examination of the ORNL groundwater 
well data base to select appropriate wells for piezometric head measurement with existing 
instrumentation and for retrofitting existing wells with new instrumentation. including Westbay 
installation (vertical head measurement). The groundwater well review will evaluate existing 
wells by the following set of criteria: 

• Location of the well with respect to the data needs of this FS/SP and subsequent work plans. 

• Depth of the well with respect to the data needs of this FS/SP and subsequent work plans. 

• 

• 

Current instrumentation . 

Frequency at which head measurements are taken in wells currently 
measurements. 

'i~~ 
«' 

:~'!~ 
".~1 

fitted for :these 

• Feasibility, including a cost benefit analysis, of retrofitting the well if location and depth are 
appropriate for remedial investigation data needs. ,~i: 

~~: 
General depths ot wells to be employed during the 18 months covered by this FS/SP' are 

described below. 

7.3.1.1 Deep wells 

A GWOU data gap/need identified in this plan is the extent of groundwater flow via deep 
pathways. This information is important for modeling contaminant transport because deep paths· 
may underflow surface discharge points that, according to the current groundwater model, reside 
within the boundaries of the GWOU. Therefore, the review will evaluate existing deep core 
holes > 30.5 m (100ft) according to the criteria outlined above and recommend suitable ones for 
retrofitting of multiport samplers. In particular, the WAG 1 coreholes in which deep 
contaminants have been noted (e.g., well 4005 in WAG 1) will be reviewed for monitoring and 
sampling suitability. Information acquired from these wells will help clarify not only the extent 
and mechanisms of deep flow and transport but also will help define the mech~ism for strata
bound flow. Another set of deep wells that are specifically targeted for evaluation of their data 
and instrumentation or for retrofitting are the hydrofracture monitoring wells. These are 
particularly deep wells that will provide information on the GWOU basal boundary and on 
contaminant migration from the injection grout sheets. Other deep wells that will be used are 
described in Sect. 7.5. 
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7.3.1.2 Shallow wells 

Two important goals of the characterization plan are to provide a three-dimensional 
characterization of GWOU groundwater and to understand the dynamics of shallow flow within 
the stormflow zone and the water table interval of the groundwater zone. Meeting these goals 
will enhance our understanding of the mechanisms for contaminant transport and retardation (Le .• 
Matrix Diffusion). Part of the process of attaining these goals will entail a review of any 
pertinent data derived from existing shallow wells. For the purposes of this plan, shallow wells 
are those wells that bottom at 30.5 m « 100 ft), or are screened for multiport sampling at 
intervals <30.5 m « 100 ft) deep. 

7.3.2 Seeps and Springs Review 

Seeps and springs survey data compiled by the U.S. Geological Survey will be reviewed in 
order to develop a seep and spring sampling and monitoring deployment plan. The objective of 
the plan will be to evaluate groundwater discharge response to temporal changes and episodic 
storm events and to assess contaminant transport under the same conditions. The review will 
involve selection of existing data to be used during characterization and investigations and 
identification of seeps and springs for additional sampling and monitoring. The following criteria 
will be used for data and seep or spring selection: 

• Existing data must directly address data gaps and needs identified in this plan. 

• In order to be complete, data must include flow rate, conductivity, pH, and temperature as 
well as contaminant information. 

• Seeps and springs must be optimally located with respect to remedial investigation data needs 
to be selected for additional sampling and monitoring. 

7.4 SAMPLING AND SURVEY APPROACH AND RATIONALE 

7.4.1 Overview 

The following major activities will constitute the bulk of the field sampling/survey effort to 
be implemented during the time period covered by this FS/SP: 

• a Clinch River thermal mapping project to identify locations of springs in the Clinch River; 

• geophysical investigations for characterizing karst; 

• groundwater piezometric measurements and sampling for characterizing local hydraulic 
gradients and groundwater contaminant concentrations; and 

• seep and spring monitoring and sampling to identify exit pathways. 
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7.4.2 Clinch River Thermal Mapping 

An imponant data gap identified in this plan is the integrity of the GWOU boundaries. A 
simple, cost-effective way to address this data gap at the western boundary of the GWOU is to 
obtain data from a thermal mapping project already planned for ORNL. The thermal mapping 
project involves an early morning flyover and infrared photography of ORNL. That part of the 
project, which will be of use to investigating the GWOU, is thermal mapping of the Clinch 
River. The utility of such information is that, given expected temperature differences between 
Clinch River water and GWOU groundwater, thermal. mapping should indicate regions of the 
Clinch River where there are subsurface springs. 

The Clinch River on the western boundary of the GWOU is fed by bottom water from 
Melton Hill Lake that has been passed through Melton Hill Dam and therefore is relatively cold. 
Spring water in the ORR, on the other hand, is, maintained at a relatively warm temperature by 
its slow passage through the ground. The temperature contrast between the two waters should 
be sufficient to resolve plumes of spring water in the Clinch River during thermal mapping. To 
enhance the temperature contrast and therefore the resolution, mapping is planned for daybreak 
in early March 1994 when the air and the surface of the Clinch River are cold. 

7.4.3 Geophysical Investigations 

Because it resides mainly in the subsurface, the GWOU presents major technical challenges 
to characterization. There are two broad categories of activities that are used for subsurface 
characterizatIon. The first, and more common, of these are wells and other types of intrusive 
borings that are directed toward point characterization. The second group is composed of 
geophysical techniques which are more effective at broad subsurface characterizations. This 
section discusses the uses of geophysical investigations in the GWOU characterization. 

7 .4.3.1 Environmental Sciences Division geophysical programs and methods development 
activities 

There are several geophysical methods programs in various stages of development by ORNL 
Environmental Sciences Division (ESD) geophysicists. One of these is use of airborne geophysics 
in which high resolution, multi-spectral EM, magnetic, and tadiation aerial data are collected over 
the entire ORR. Currently, the data from this effort are being processed and formatted for use 
in ER programs. The results of the aerial EM and magnetic mapping are readily available and 
of utility to other site characterizations and investigations on the ORR. Other methods of testing 
and development efforts currently being implemented by ESD geophysicists include: 

• continued processing, application, and ground-based follow-up surveys of the airborne EM 
and magnetic data; 

• TEM instrument procurement and method testing and development with emphasis on saline 
interface studies; 

I' 

• GPR testing and development for karst applications; 
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• seismic source testing to determine the best seismic source for the geologic environment on 
the ORR; 

• Vertical Seismic Profiling testing and development; 

• compilation of a comprehensive geophysical well log data base; and 

• SP method testing and development for subsurface stormflow monitoring. 

It would be of mutual benefit to both the ER and ESD programs to coordinate their 
geophysical efforts. The GWOU characterization program would benefit from data resulting 
from the ESD geophysical efforts. The ESD geophysical program would benefit by gaining 
methods development and testing opportunities while appiying them to GWOU problems, having 
detailed ground-based follow-up activities for the EM and magnetic aerial data assessment and 
development, and through GWOU support. 

7.4.3.2 GWOU strategy for geophysical investigations 

Effective and cost efficient employment of geophysical techniques requires careful planning. 
Therefore, a set of DQO guidelines has been developed that will be used to evaluate the use of 
specific geophysical techniques when problems are encountered. These guidelines are: 

• identify the problem (e.g., karst believed to control contaminant movement); 

• assess the objectives of the geophysical study; 

• obtain any existing aerial and ground-based data; 

• assess expected conditions (Le., parameters of concern); 

• determine the resolution required to solve the problem; 

• select the appropriate geophysical techniques for the data needs; and 

•. plan the survey using the most time- and cost-effective technique first-use the more time
consuming and expensive methods on an as-needed basis. 

As presented in Chaps. 2 and 3, the primary geopnysical data needs of GWOU investigations 
are saline interface mapping, karst characterization. geologic structure, metal detection, and 
hydrogeological process assessment. A discussion of these data needs, including applicable 
geophysical techniques, follows. 

7.4.3.3 Saline interface mapping 

Because the transition from the deep groundwater interval to the brine that underlies the 
GWOU represents a change in groundwater composition, geophysical techniques employed to 
map the saline interface/transition zone must be responsive to the change in composition. 
Electrical conductivity is the primary physical characteristic affected by salinity and is best 
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measured using DC resistivity, EM, and TEM techniques. However, EM techniques are not 
likely to be sensitive at the expected depth of the saline interface, thus leaving DC resistivity and 
EM as the techniques to measure electrical conductivity. Other physical characteristics that will 
be affected by the compositional change at the saline interface are Earth's ambient electrical field 
and the bulk density of the rock/groundwater system. SP techniques are most appropriate for 
electrical field measurements, but do not have the vertical resolution needed for mapping this 
interface. Microgravity, seismic, and GPR techniques are appropriate for measuring density 
changes in the earth. However, microgravity will not work because it will not resolve the small 
bulk density changes associated with increased salinity at the interface. Similarly, seismic 
velocities will not be affected by the density change thereby rendering both seismic refraction and 
reflection ineffective. Theoretically, GPR surveying could be sensitive to changes in salinity, but 
the target depths of investigation exceed the capability of the method. 

The following was developed as a strategy for the saline interface mapping: 

• Locate deep groundwater monitoring wells where the depths to the saline interface and 
transition zone are known. These wells will provide ground truth and should be logged for 
geologic control. 

• Select initial test sites based upon proximity to selected deep groundwater monitoring wells 
and considerations such as verification of test results, ambient noise, and site access. 

• The test site should be relativity free from sources of anthropogenic noise such as power 
lines and fences. 

• Areas of steep topography should be avoided. 

• TEM mapping should be attempted prior to DC resistivity because of its greater capabilities 
for lateral resolution. 

7.4.3.4 Karst characterization 

Karstification affects most physical parameters to some degree. Karst features can' create 
observable changes in density, seismic velocity, electrical resistivity, and SP. Thus, potential 
techniques for karst characterization include .microgravity, GPR, seismic, EM, TEM, and SP. 
Nearly all of these techniques have been employed to delineate karst on the ORR. 

The following strategy was developed for characterizing karst-related features within the 
GWOU using geophysical methods. All of the potential methods for karst characterization are 
affected to varying degrees by site conditions as described in Sect. 6.4. Provided that site 
conditions do not preclude their use, expedient and inexpensive methods such as EM. SP, and 
GPR methods should be employed first .. If site conditions such as suspected depth to karst, noise, 
or anthropogenic features preclude the use of these methods, other methods such as microgravity 
or seismic reflection should then be considered. 

It is important to note that it is not cost effective to investigate the entire ORNL GWOU for 
karst .. Only exit or significant pathways of groundwater. flow and/or contaminant transport 
suspected of being controlled by karst should be investigated. 
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7.4.3.5 Geologic structure 

Geologic structure studies must consider the specific site and target before appropriate 
geophysical techniques can be selected. Initially, however, aerial EM and magnetic data should 
be obtained and analyzed. Following this, the survey objectives, desired resolution, affected 
physical parameters, etc., should be considered. Finally, an appropriate technique should then 
be selected. If more than one technique is deemed appropriate, the most expedient and cost 
effective one .should be implemented first. 

It is prudent to conduct geophysical investigations to evaluate potential locations for 
monitoring wells. Of primary concern is the location of deep monitoring wells. Depending on 
the particular well in question, it mayor may not be advantageous to locate the well in anomalous 
geologic structure. Due to the deep nature of investigation, TEM and/or seismic reflection 
methods are likely to be appropriate geophysical methods. Vertical seismic profiling and other 
methods might be used to characterize a broader region surrounding the welL 

7.4.3.6 Metal detection 

Aerial geophysical information is of primary importance to metal detection. Aerial methods 
are sensitive to buried metal; however, resolution is not always sufficient for adequate 
characterization. If this is the case, then other techniques such as magnetic, EM, and SP must 
be employed. Typically, magnetic should be the technique of choice. Depending on survey 
objectives, it may be prudent to collect EM and/or SP data in conjunction with magnetic data. 
Although data collection, analysis, and interpretation of all of these methods are quick and 
inexpensive, magnetic surveys are probably the quickest and least expensive. 

7.4.3.7 Hydrogeologic process investigations 

The hydrogeologic processes that best lend themselves to investigation by geophysical 
techniques are subsurface stormflow and groundwater seepage processes. The geophysical 
characteristic that is affected by groundwater flow, and makes these hydrogeologic processes 
measurable, is the ambient electrical potential that results from the process of electrofiltration. 
Thus. the SP technique is the primary technique for subsurface groundwater flow. Appropriate 
geophysical techniques for other hydrogeologic processes will be developed when a particular 
data need is identified and an appropriate means of investigation identified. 

7.4.4 Piezometric Measurements and Well Sampling 

Measuring hydraulic head in the GWOU is critical to addressing many of the data needs 
identified in Chap. 2. For example, hydraulic head measurements in a series of well-spaced wells 
over a particular area can determine horizontal changes in hydraulic head and, from this, the 
hydraulic gradient of the area can be determined. Hydraulic gradient indicates the direction of 
groundwater flow that is important information for addressing data needs such as those associated 
with boundary integrity issues. Vertical hydraulic head measurements are accomplished using 
nested piezometers (closely spaced wells that bottol'fl at different depths) or multiport sampling 
in a single well. Vertical head measurements are needed for addressing data needs related to 
deep groundwater flow. the effectiveness of the Knox aquifer pressure barrier at the north and 
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south boundaries, and in characterizing the mechanisms of shallow groundwater flow in the 
GWOU. 

Collecting water samples from wells is a critical step in characterizing contaminant flux and 
in defining flow systems in the GWOU. Understanding contaminant flux within and out of the 
GWOU is a necessary step in calculating risk to potential receptors. Defining flow systems is 
necessary for characterizing the mechanism of groundwater· flow that is part of developing a 
model to serve as a predictive tool for fate and transport. The impact of collecting water samples 
on this process is that, often, contaminants are important tracers in the groundwater system. For 
example, the SlOSr plumes at WAG 3 define a distinct flow system that would not have been 
apparent were it not for the presence of a contaminant. In other instances, parameters such as 
conductivity or temperature may relate wells to each other or wells to springs via the same flow 
system. The topographic divide at the west end of Bethel Valley, including WAG 3, is an 
important location for these types of investigations because contaminants have been observed in 
surface waters of Raccoon Creek and its tributaries, which almost certainly have their origin in 
WAG 3. However, observations of these contaminants have raised questions about the nature 
and extent of contaminant flux out of Bethel Valley. That is, is the source for contaminants in 
the Raccoon Creek basin all of WAG 3 or only one part of it? Also, is there any other source 
of contaminant flux under the topographic divide such as WAG I? 

7 :4.5 Seep and Spring Sampling 

Section 6.3.1.1 described the procedure for seep and spring gauging to determine water 
balances. In addition to water balances, seeps and springs are important locations for sample 
collection. Data from chemical analysis of water samples will be used much like similar data 
from wells. Le., to characterize contaminant flux and to define flow systems. A primary location 
for sample collection is in the seeps and springs of the Raccoon Creek drainage basin. 
Information obtained from analysis of these samples will be crucial for answering the questions 
raised in the preceding section about the nature and extent of contaminant flux under the 
topographic divide at the west end of Bethel Valley. 

7.5 FIELD SAMPLING/SURVEY PLAN 

This section describes the specific investigations that will be undertaken.during the first 18 
months of the GWOU RIs. As a brief outline, these investigations are: 

• Clinch River thermal mapping (Sect. 7.5.1); 
• Raccoon Creek and Bearden Creek monitoring/sampling (Sect. 7.5.2); 
• Haw Ridge dolostone mapping (Sect. 7.5.3); 
• GWOU water level monitoring (Sect. 7.5.4); 
• WAG 3 water'level monitoring (Sect. ·7.5.5); 
• WAG 1 pressure monitoring and well sampling (Sect. 7.5.6); 
• WAG 5 Westbay monitoring and sampling (Sect. 7.5.7); 
•. hydrofracture pressure monitoring and sampling (Sect. 7.5.8); 
• Hydraulic Head Monitoring Station pressure monitoring and sampling (Sect. 7.5.9); and 
• geophysical investigations (Sect. 7.5.10). .. 
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7.S.1 Clinch River Thermal Mapping 

One of the earliest surveys that will provide data for the GWOU investigations will be 
thermal mapping of the Clinch River. A goal of this effort, which is tentatively scheduled to 
occur in March 1994, is to identify springs in the Clinch River. Deep groundwater flow has been 
identified as a potentially major mechanism for off-site contaminant transport with the Clinch 
River a likely exit point for some of this flow (Chap. 2). The problem of identifying a spring 
within an actively flowing river using traditional field and mapping techniques is obvious. 
Therefore, a more innovative approach is necessary to attack this important boundary-related data 
gap, and thermal mapping has the potential to succeed. In order for thermal mapping to work, 
it will be necessary that the contrast between the temperatures of Clinch River water and spring 
water is at a maximum. Thus, the mapping mission is planned to occur in early March 1994 just 
after sunrise. It is anticipated that, at this date and time, air and surface water temperatures will 
be cold and interferences resulting from reflection of the sun off the Clinch River will be 
minimized. 

7.S.2 Raccoon Creek and Bearden Creek Monitoring/Sampling 

The Raccoon Creek and Bearden Creek drainages represent important locations for studying 
GWOU boundary conditions. Both locations are on boundaries that are orthogonal to the general 
direction of groundwater flow. The Raccoon Creek drainage is on the west boundary of the 
GWOU and is located on the western side of the topographic divide that separates Bethel Valley 
from the Clinch River. As such, the Raccoon Creek drainage 'is an important location for 
monitoring potential underflow of the divide. It is also an important location for ascertaining the 
origin of any contaminant fluxes under the divide as these might be either locally derived from 
WAG 3 or they might represent general groundwater contamination from Bethel Valley. The 
Bearden Creek drainage is on the east boundary of the GWOU and, as yet, little if any work has 
been done to characterize the integrity of this divide. 

Investigations in the Raccoon Creek drainage will begin with a review of existing seep and 
spring data to locate known seeps and springs and to identify those for which there are analytical 
data as described in Sect. 7.3.2. The thrust of the seep and spring investigation in the Raccoon 
Creek basin will be to characterize contaminant exit points and water quality in order to 
understand the point(s) of origin of the contaminants. Thus, looking for contaminated seeps and 
springs is a high priority. However, other types of data, i.e., temperature, pH, conductivity, also 
are important for characterizing flow systems. For example, seep and spring water in the 
Raccoon Creek drainage basin might be linked to specific strata identified in WAG 3 wells by 
these parameters when contaminant data are lacking or insufficient. 

Existing information (seep and spring location, analytical data) will be evaluated in light of 
the DQOs for the GWOU investigations to determine if it is sufficient to fIll data needs as 
described in Sect. 7.3.2. If the data do not 'adequately'address 'theDQOs of a particular 
investigation, then new data will be obtained. The particular new data will depend on where the 
existing data are lacking. Two classes of new data are possible: (1) seep and spring locations; 
and (2) seep and spring analytical data. If it is warranted by gaps in the existing data, a seep and 
spring survey will be undertaken in the Raccoon Creek basin to identify perennial and ephemeral 
groundwater exit points. Also, water samples will be collected and analyzed from newly 
identified seeps and springs, and from those already identified, if analytical data are lacking or 
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deemed inadequate. In addition to seep and spring sampling, it is anticipated that sampling of 
Raccoon Creek and its tributaries will be necessary to fully characterize contaminant flux into the 
Raccoon Creek Basin. 

Identification of seeps and springs is often hindered by the fact that the water emerges within 
the channel of a perennial stream and therefore the seep or spring is not obvious. In order to 
identify such seeps and springs in the Raccoon Creek basin, water temperature surveys of 
Raccoon Creek and its tributaries will be undertaken as described in Sect. 6.3.1.1. 

Beside contaminant and flow system information, Raccoon Creek is an important location 
for water flux information in order to attempt a Bethel Valley water balance'. As described in 
Sect. 6.3.2, surface water leaving via exit pathways is an important parameter for water balances~ 
In Bethel Valley, there are only two likely exit pathways for both surface and groundwater - the 
water gap in Haw Ridge and underflow of the topographic high that separates the Raccoon Creek 
basin from Bethel Valley. Water leaving Bethel Valley via the water gap is easily measured 
because, according to the conceptual model, all water leaves through the water gap as surface 
water in White Oak Creek. The Raccoon Creek exit pathway is not so easily measured or well 
understood. In order to determine how much Bethel Valley groundwater is underflowing the 
topographic divide, it will be necessary to determine a water balance for Raccoon Creek and see 
if any water unaccounted for by the input parameters is flowing in the creek. Water temperature 
surveys for identifying occult seeps and springs (Sect. 6.3.1.1) within stream channels will be 
important to this part of the investigation. 

The Bearden Creek investigation will be conducted much like that for Raccoon Creek 
described above. A major difference between the two investigations is that there, is no 
contaminant source nearby to Bearden Creek such as WAG 3 is to Raccoon Creek. Thus, using 
contaminants as tracers of groundwater flow systems probably will not be possible. The Bearden 
Creek investigation will be conducted according to the following chronology of events: 

• Review historical seep and spring locations and analytical data for applicability and adequacy 
to the goals of the RI. 

• Perform a seep and spring survey if the reviews indicate gaps in the historical data base .. 

• ,Collect and analyze water samples if existing data' are insuffiCient. or lacking. 

• Perform water balance calculations. 

7.5.3 Haw Ridge Dolostone Mapping 

The Rome Formation at Haw Ridge, and its projection into the subsurface, probably 
constitutes an 'effective barrier· to groundwater communication between Bethel and Melton 
Valleys. A major contributor to this barrier is the thin dolostone unit in the Rome Formation 
with high hydraulic head. Characterization of this dolostone unit is incomplete; therefore, 
understanding its role as a pressure barrier to groundwater and contaminant flux between the two 
valleys of the GWOU is also incomplete. In order to develop a better understanding of it, a 
mapping project of the dolostone unit will be undertaken for the RI. The project will fully 
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characterize the unit's lithology, structure, and karstification where the unit is exposed on Haw 
Ridge and within the water gap. 

7.5.4 GWOU Water Level Monitoring 

The goal of the GWOU water level monitoring program will be to characterize GWOU 
hydraulic gradients in three dimensIOns. The importance of this goal lies in its ability to predict 
contaminant flow paths for their eventual interception and remediation. In order to attain this 
goal, it will be necessary to obtain hydraulic head data over the GWOU at different depth~; :,nd 
within the different rock units that constitute the GWOU. The program will, therefore, requue 
water level data from both deep and shallow wells as well as multiport wells. Included in the 
three-dimensional characterization is understanding the mechanisms of deep and shallow flow in 
the GWOU and their implications for contaminant transport. For example, it was remarked in 
Sect. 2.4.6.2 that shallow flow, which dominates in the GWOU, is a new concept and. because 
it is new. contaminant transport by shallow flow is not well understood. An important 
consequence of the mechanism of shallow flow that bears on contaminant tram mort is Matrix 
Diffusion. It was also pointed out throughout Chap. 2 that deep groundwater ;:')W is largely a 
boundary condition problem. The likelihood of boundary violations by deep tbw is greatest 
along boundaries that are orthogonal to the direction of groundwater flow, i.e .• the east and west 
boundaries of the GWOU. This is both a directional effect of groundwater flow and an effect 
of the relative permeabilities of the boundaries; i.e., the north and south boundaries are thought 
to pose effective pressure barriers to underflow that do not exist at the east and west boundaries. 
As a consequence of the greater potential for underflow of the east and west boundaries. deep 
wells on the east and west ends of Melton Valley will be the first to be appraised for monitoring 
and sampling. Included in the appraisal will be Well 2542 (JOY 2), a deep well at the east end 
of Melton Valley. 

In general, hydraulic head monitoring for the GWOU water level monitoring program will 
be conducted on a periodic basis because this type of information will be sufficient to provide the 
data needs for this broad-scale program. However, selected wells will also be monitored 
continuously as part of this program. The goal for continuous monitoring will be to establish 
wells that are related to the same flow system by monitoring synchronal changes in response to 
storm events and other phenomena tha: would affect water levels. 

A general chronology for the GWOU water level monitoring program is described below: 

• evaluate locations and depths of wells throughout the GWOU relative to the needs of the 
water level monitoring program; 

• evaluate existing wells and their data against the needs of the program; 

• create a data' base of existing hydraulic head data that will be used to meet the goals of the 
program; 

• select those wells that are located and instrumented adequately to contribute additional data 
to the program; 
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• select existing wells for retrofitting with instrumentation, including Westbay multiport 
instruments, that will satisfy the data needs of the program; 

• select sites for new wells where there are no existing wells or where existing wells cannot 
be retrofitted to satisfy the data needs of the program; 

• retrofit existing wells and drill new wells; and 

• collect water level data from monitoring program wells. 

7.5.5 WAG 3 Water Level Monitoring 

A primary goal of GWOU investigations will be to establish an understanding of the nature 
and extent of contamination at WAG 3 in order to support development of altematives.W AG 3 
has been selected as a primary target of investigation in this FSISP for two reasons: (1) it 
represents a location at which unmonitored contaminants are potentially escaping the GWOU by 
underflow of the topographic divide at the west end of Bethel Valley; and (2) there are sufficient 
monitoring wells within the WAG to determine the existence and locations of a significant 
component of strata-bound flow. This makes WAG 3 an excellent location for testing geophysical 
techniques as methods of subsurface investigation. Geophysical measurements at WAG 3 are 
described in Sect. 7.5.10.2. 

In addition to its importance to this FSISP, WAG 3 has also been selected as the site for the 
drilling of a deep well for investigation of hydrologic properties of the Knox aquifer at depth. 
Only site characterization for this well is part of this FSISP; actual emplacement of the well is 
a future activity for the RI. Evaluation of a potential site for installation of the deep well is 
primarily a geophysical investigation that is described in Sect. 7.5.10.2. 

Water level monitoring at WAG 3 will focus on obtaining data for verifying and 
characterizing groundwater and contaminant underflow of the topographic divide, which WAG 3 
straddles at the west end of Bethel Valley. To do this, it will be necessary to construct a three
dimensional map of the hydraulic gradient in the WAG 3 area. This map will provide 
information on horizontal and vertical characteristics of groundwater flow in order to address the 
following questions: (1) Is the source of contaminant flux under the topographic divide all or 
part of WAG 3? (2) Is any of the contaminant flux under the topographic divide contributed by· 
sources other than WAG 3, such as WAG I? 

The chronology of activities for the WAG 3 water level monitoring program is as follows: 

• review existing well data for their adequacy and applicability to the goals of the water level 
monitoring program; 

• compile a data base of useful existing well data; 

• evaluate existing wells for range of depths and instrumentation with the goal of satisfying 
the WAG 3 water level monitoring program data objectives; 

93-140P/082294 

i· 

~!, 



7-16 

• evaluate existing wells for retrofitting instruments to satisfy the data objectives of the 
WAG 3 water level monitoring program; 

• evaluate the grid of existing wells and retrofitted wells for data adequacy to meet the 
objectives of the water level monitoring program and site new wells as needed; 

• drill the new wells; and 

• collect water level data .. 

7 .5.6 WAG 1 Pressure Monitoring and Well Sampling 

The importance of WAG 1 to remedial investigation efforts is that WAG 1 is the primary 
contaminant source for Bethel Valley. In addition. previous characterizations of WAG 1 led to 
the development of the concept of strata-bound flow in the GWOU. There are three goals to the 
WAG 1 pressure monitoring and well sampling program: (l) a three-dimensional characterization 
of hydrostatic pressure throughout WAG 1 in order to understand the horizontal and vertical 
characteristics of groundwater flow and, in particular, to understand the relationships of 
horizontal and vertical pressure variations to strata; (2) obtain well water and/or pressure data 
to characterize flow systems in the groundwater of WAG 1; and (3) obtain groundwater 
contamination data to evaluate the risk of WAG 1 contaminants to potential receptors. 

There are a number of existing wells that are potentially well-suited to address the three 
goals of the pressure monitoring and well sampling program. These wells are commonly referred 
to as Coreholes 1 through 9 and Coreholes 11 and 12. Their official designations ·are, 
respectively: Wells 2531, 1802, 2533, 2534, 2535. 4003, 4004, 4005, 4006, 4008, and 4oo9~ 
Pressure monitoring of these wells for three-dimensional characterization of WAG 1 hydrostatic 
pressure will require periodic monitoring. Characterizing flow systems beneath WAG 1, on the 
other hand. requires continuous monitoring to observe synchronal responses to temporal changes 
in water levels. Pressure pulse testing is also an option for this second goal; but, because 
existing data indicate that cavities play an important role in the flow system beneath WAG 1. 
pressure pulse tests may not be effective. The reason is that. during artificial pressure pulse tests, 
pressure disperses rapidly in response to the damping effect of the large storativity associated with 
cavity systems. In place of pressure pulse testing, analytical data such as conductivity, 
temperature. and pH may be used to link wells via a common flow system. These data will be 
collected during the sampling part of the pressure monitoring and well sampling program at 
WAG 1. 

Another WAG 1 well that has been targeted for· the WAG 1 pressure monitoring and 
sampling program is Well 0883. This is a well with low hydraulic head that fluctuates within 
only a narrow range. The characteristics of this well imply a direct connection to an exit 
pathway-that keeps watedevels in the well-similar to those of the Clinch River. Characterizing 
this well, and the aquifer around it, will require continuous monitoring to compare water level 
fluctuations to those in the Clinch River. Periodic sampling will also be included in monitoring 
this well to assess its contribution of risk to potential receptors. 

The chronology of activities for the WAG 1 pressure monitoring and sampling program is 
as follows: 
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• evaluate data from the existing corehole wells, and other wells in WAG 1, for their 
. adequacy and applicability to the goals of the pressure monitoring and well sampling 
. program; 

• evaluate the instrumentation in the existing corehole wells, and other wells in WAG I, for 
their adequacy in addressing the goals of the pressure monitoring and well sampling 
program; 

• evaluate the locations of existing wells for adequacy in addressing the goals of the pressure 
monitoring and well sampling program; 

• retrofit existing wells with new instruments, including multipart sampling capabilities, where 
existing instrumentation is determined to be inadequate; 

• drill new wells where the existing locations are lacking; and 

• collect pressure and water quality data. 

7.5. 7 WAG 5 Westbay Monitoring and Sampling 

Three deep wells are being drilled and installed with Westbay MP sampling capabilities as 
part of the WAG 5 RI, which is currently underway. The ORNL Area-Wide Groundwater 
Program will assume responsibility for monitoring and sampling these wells. There are three 
goals for this monitoring and sampling program that pertain to the GWOU: (1) to discriminate 
between shallow surface source contaminants at WAG 5 and those contaminants derived from the 
hydrofracture program; (2) to bridge the interface between the GWOU, WAG 5, and WAG 10; 
and (3) to be part of the GWOU-wide water level monitoring program. 

7.5.8. Hydrofracture Pressure Monitoring and Sampling 

The fundamental concern regarding deep groundwater flow is movement of contaminants 
from near-surface to deep levels where they might exit the GWOU and pose potential risk to 
receptors. The groundwater model for the ORR indicates that, under natural conditions, . deep 
groundwater flow is negligible and therefore is not important as a contaminant pathway. The 
hydrofracture experiments represent instances where natural conditions were circumvented and 
contaminants were intentionally emplaced into the deep groundwater system. The experiments 
were designed to contain the contaminants within a solidified, cement-based grout injected into 
an impermeable shale. However, monitoring wells for the experiments indicate that all of the 
contaminants may not have been contained. Therefore, the hydrofracture facilities' wells will be 
evaluated for retrofitting with Westbay Multiport instrumentation to monitor the extent of 
contaminant release from the grout sheets and to determine the extent of vertical migration of the 
contaminants. :As part of this, it will be necessary to monitor pressure variations at different 
depths within the hydrofracture we~. In addition, because of the depths of the injection wells 
and their proximities to the southern boundary, recommendations will be developed during this 
period for the locations and specifications for possibly two wells on Copper Ridge. The location 
of one well will be such that the integrity of the southern boundary is tested near the 
hydrofracture facility, and the other location will provide vertical head measurement near White 
Oak Lake. 
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7.5.9 HUMS Pressure Monitoring and Sampling 

As part of the HHMS program currently underway at ORNL, a number of deep wells have 
been and will be drilled and installed with Westbay MP instrumentation. The GWOU 
investigations will incorporate the data from the HHMS program with three goals in mind: (1) to 
determine the depth to which surface contaminants are moving in the GWOU; (2) to determine 
whether groundwater is rising as it approaches the Clinch River or whether pathways indicate that 
groundwater is underflowing the Clinch River; and (3) to incorporate water level data into the 
GWOU-wide three-dimensional hydraulic gradient characterization. 

7.5.10 Geophysical Investigations 

Following is a description of the geophysical investigations that will be conducted during the 
18 months' activities described in this FSISP. Subsequent to this first round of geophysical 
investigations will be a round of large-scale applications of geophysics to remedial investigation 
problems. It is premature to discuss these later geophysical applications because, consistent with 
the observational approach, plans for them will be developed as investigations proceed through 
work described in this FSISP. 

7.5.10.1 TEM calibration of brine depth at the Hydrofracture 2 site 

One of the ultimate goals for characterizing the GWOU is to map the basal boundary of the 
GWOU. This is an important goal because the basal boundary defines the conceptual limit of 
contaminant migration. Mapping this boundary will involve determining the depth to the brine 
GWOU-wide and, for this, TEM is probably the most effective instrument. In order to obtain 
accurate information during mapping, it will be necessary to calibrate TEM measurements where 
the depth to the brine is known; this calibration activity is part of this FSISP. The location 
selected for calibrating the TEM is the Hydrofracture 2 site in Melton Valley. The process will 
involve selecting and sampling one or more deep wells at the site to determine the brine's depth. 

7.5.10.2 WAG 3 investigations 

There are four areas of investigation at WAG 3 that will utilize geophysical techniques: 
(1) karstification within the thin zone of strata-bound contaminant transpon that runs through 
WAG 3; (2) investigation of the surface water divide west of WAG 3 to determine mechanisms 
for underflow of the divide; (3) evaluation of potential sites for installation of a deep monitoring 
well to investigate the hydrologic propenies of the Knox aquifer at depth; and (4) characterization 
of the brine surface beneath WAG 3 and the impact of its location on placement of the deep well. 
Approaches to these four areas of investigation are described below. 

1. The following chronological approach will be used for the WAG 3 karst investigation: 

• Existing aerial EM and magnetic data will be examined for any correlation between 
geophysical anomalies and the suspected location of the thin transmissive unit. 

• Small-scale, surface EM and SP surveys will be conducted over the area of interest to 
determine how well these techniques perform. . . . 
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• If EM and SP provide acceptable results, more detailed and comprebensive surveys wil1 
be planned and instituted. However, if the initial EM and "SP surveys indicate that 
more definitive information. is required, microgravity, GPR, or seismic reflection 
methods wil1 be evaluated and implemented. 

2. A major GWOU question at WAG 3 is whether the surface water divide at the west end of 
Bethel Valley also acts as a groundwater divide. A geophysical investigation of this question 
will occur by the following steps: 

• . evaluate existing ESD aerial EM and magnetic data, and 
• use appropriate geophysical techniques to investigate the water table beneath the divide. 

Because the location of the water table is of prime importance in assessing the impact 
of the surface water divide on the groundwater system, geophysical' methods with the 
capability of discerning the water table wil1 be employed. Of the available methods, TEM, 
DC resistivity, and GPR are the most viable techniques. Because TEM will probably be 
used for siting of the deep well, it would be prudent to conduct several small scale test 
soundings to evaluate the effectiveness of TEM in addressing the groundwater divide 
problem as well. If it proves ineffective, the other methods wil1 be evaluated and then 
employed. The area encompassed by this investigation wil1 include both the area in and 
around WAG 3 in Bethel Valley and the Raccoon Creek drainage basin. 

3. The WAG 3 karst investigation wil1 be extended over the topographic divide at the west end 
of Bethel Valley into the Raccoon Creek drainage basin. The rationale for this is that a 
single karstified unit is thought to be most likely responsible for transporting contaminants 
from WAG 3 into the ,Raccoon Creek basin. 

Siting of the deep well will occur by the following steps: 

• select potential sites by evaluating ESD airborne EM and magnetic data, and 

• select the site by evaluating potential sites using ground-based TEM or seismic 
techniques to gain information on subsurface structures. 

. TEM is the preferred method for final site selection because characterization of the 
brine surface beneath WAG 3 is also part of the well site evaluation and seismic techniques. 
will not resolve this surface. TEM is best suited to measure both karst and brine' 

. information. Also, TEM data collection and interpretation are less costly, and the method 
is more time efficient than seismic reflection profiling. 

4. Characterization of the brine surface under WAG 3 will proceed following TEM calibration 
described above in Sect. 1.4.10: 1. TEM methods and procedures developed during the 
calibration will be used for the WAG 3 brine surface characterization. 

7 .5.10.3 WAG 17 investigations 

As with WAG 3, WAG 17 geophysical investigations will be focused toward a thin, 
carbonate unit that controls strata-bound contaminant transport. The approach at WAG 17 will 
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be identical to that at WAG 3. Existing aerial geophysical data will be evaluated initially 
followed by evaluation and implementation of an expedient and inexpensive technique such as EM 
or SP. Finally. the need for more intensive and quantitative investigations using microgravity. 
seismic reflection, or TEM will be evaluated. 

7.5.10.4 Copper Ridge well siting investigations 

Several deep monitoring wells may be installed on Copper Ridge to assess the hydrologic 
conditions along this southern boundary of the GWOU. Geophysical investigations of geologic 
structure and characterization of the brine surface will be conducted as part of the well siting 
efforts. Initially, existing airborne geophysical data will be used for well location evaluation. 
As discussed above for WAG 3 well siting efforts, the two best geophysical methods for 
evaluating deep structure are TEM and seismic reflection. However. considering that the brine 
surface is also an important aspect of well location, TEM's capabilities make it the preferable 
method. 

7.5.10.5 Bethel Valley transect 

In an effort to characterize the influence of subsurface structure on groundwater flow paths 
and, therefore, contaminant transport, TEM and microgravity transects of Bethel Valley are 
planned. Initially, this project will involve evaluation of the techniques over a small area. If the 
evaluation demonstrates that one or both techniques will adequately and accurately charai.:'.t'rize 
the subsurface geology, then a number of transects will be undertaken to develop a tilree
dimensional model of the subsurface of Bethel Valley. 

7.5.10.6 Southside of White Oak Lake 

Presently, the only exit pathway for contaminated water in the GWOU is thought to be over 
White Oak: Dam. Prior to leaving the GWOU all water resides in White Oak: Lake for some, 
unspecified, period of time. An important point that will be addressed by a TEM and 
microgravity survey of the southside of White Oa.k Lake is the potential for underflow both of 
the Dam and of Copper Ridge. 
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8. QUALITY ASSURANCE PROJECT PLAN . 

8.1 QUALITY ASSURANCE OVERVIEW 

8.1.1 Project Description 

Activities for the ORNL GWOU investigations will be preformed in accordance with the ER 
Program's QA Program, and with the Energy Systems' document, Environmental Restoration 
Quality Program Plan, ES/ERrrM-41R3 (Energy Systems 1993d). This QAPjP has been 
prepared in accordance with ES/ERITM-4IR3; DOE Order 5700.6C (DOE 1992); EPA Interim 
Guidelines and Specificationsjor Preparing Quality Assurance Project Plans, EPA-600/4-83-004 
(QAMS-005180) (EPA 1983a); and Quality Assurance Program Requirements jor Nuclear 
Facilities, NQA,-l (ANSIIASME 1989). EPA QAMS-005180containsEPA's guidance for project 
QA/QC plans. The American National Standards Institute/American Society of Mechanical 
Engineers (ANSI/ASME) NQA-I has been adopted as the implementation standard for this 
QAPjP. Because this plan falls under CERCLA regulation, the ORNL GWOU QAPjP is subject 
to the Office of Solid Waste and Environmental Response Directive 9502.00-6C (EPA 1987a), 
Directive 9355.0-76 (EPA 1987a), and Directive 9355.3-01 (EPA 1988a). 

This QAPjP supports the ORNL GWOU investigations and defines procedures to be followed 
in the collection and analysis of data used in the GWOU program. These procedures are intended 
to ensure that results achieve QA/QC goals established for the GWOU investigation program. 
They are also intended to minimize field measurement errors, analytical errors, and errors 
occurring in data transfer and management. The mechanisms employed to ensure quality are: 

• prevention of defects in quality through planning and design. documented instructions and 
procedures, and performance-based training of personnel; 

• assessment through regular audits and surveillances to supplement continual informal 
reviews; and 

• permanent correction of conditions adverse to qUality. 

This plan describes the QA program and the QC procedures to be implemented during 
investigations of the GWOU. Data produced by these investigations will be used to meet the 
objectives described in the bullets presented above. The methods used to meet these objectives 
are detailed in the previous sections of the Characterization Plan for the ORNL Area-Wide 
Groundwater Program. 

8.1.2 Modular Profile 

The modular profile for the GWOU investigations (Table 8.1) shows the relationship 
between DOE Order 5700.6C, QAMS-005180, NQA-l, and ORNL QA elements, and the 
elements of this QAPjP. Some of the regulating agencies' elements identified in the modular 
profile are not applicable to the GWOU project. These elements, which are excluded from this 
plan, are identified in the "Exclusion Rationale" section of this QAPjP. Many of the ORNL 
elements adequately describe GWOU project-specific procedures and have been adopted for 
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Table 8.1. Modular profile for the GWOU project 
\C ... 
I ... 
"" 0 
~ DOE ORDER ORNL QA Implementing Location in Additioll8l 
0 NQA-l Basic Element QAMS 005180 57OO.6C Criteria Manual reference procedures GWOU QAPjP ClarificatiOll8 OIl .... 
\.Il 

'f 1. Organization 5.4 Project Organization 1. Program QA-L-l-loo QA-L-l-1oo Section 8.2 YES 
and Responsibility 

2. Quality Assurance 5.3 Project Description 2. Personnel Training QA-L-2-100 ES-ADM-91-002 Section 8.3 YES 
Program 5.16 QA Reports and Qualification QA-L-2-101 SOP Training" 

QA-L-2-103 

3. Design Control 5.5 QA Objectives for 6. Design QA-L-3-1oo N/A N/A N/A 
Measuring Data 

5.6 Sampling Procedures 
5.10 Data Reduction, 

Validation and 
Reporting 

5.11 Internal QC Checks 
5.14 Specific Routine 

Procedures 00 

5.9 Analytical Procedures ~ 

4. Procurement 7. Procurement QA-L-4-1oo QA-L-4-100 Section 8.4 NO 
Document Control 

5. Instructions • 5.9 Analytical Procedures 5. Work Processes QA-L-5-100 SOP Procedure Section 8.5 YES 
Procedures, and 5.6 Sampling Procedures development & 
Drawings controla 

6. Document Control 5.1 Title Page 4. Documents and QA-L-6-I00 SOP Tech Section 8.6 YES 
5.2 Table of Contents Records notebooks" 
5.3 Project Description SOP Document 
5.6 Sampling Procedures mgmt. center" 
5.7 Sample Custody SOP Forms 
5.9 Analytical Procedures development and 

controla 

- - - - - - - - - - - - - - -- - - -



- - - - - - - - - - - - - - - -- - -
Table 8.1 (continued) 

'" .... 
I -~ DOE ORDER ORNLQA Implementing Location in Additionsl 2$ 
~ NQA-I Basic Element QAMS 005/80 5700.6C Criteria Manual reference procedures GWOU QAPjP Clarifications 
loA 

~ 
7. Control of Purchased 7. Procurement QA-L-7-100 SOP-Development of Section 8.7 YES 

Items and Services statements of work;D 
SOP-Data 
verification and 
validation" . 

8. Identification and 5.7 Sample Custody 5. Work Processes QA-L-8-100 SOP Sample Section 8.8 YES 
Control of Items identification and 

labeling 
SOP Chain-of-
custody" 

9. Control of Processes 5.9 Analytical Procedures 5. Work Processes QA-L-9-100 N/A Section 8.9 YES 

10. Inspection 8. Inspection and QA-L-IO-IOO SOP Surveillance of Section 8.10 YES 
Acceptance Testing project activities" 00 

I 
W 

U. Test Control 8. Inspection and QA-L-ll-IOO SOP Data Section 8.11 YES 
Acceptance Testing verification and 

validation4 

12. Control of 5.8 Calibration Controls 5. Work Processes QA-L-12-100 SOP Calibration Section 8.12 YES 
Measuring and Test and Frequency failures4 

Equipment 5.13 Preventative 
Maintenance 
Procedures and· 
Schedules 

13. Handling, Storage, 5.6 Sampling Procedures 5. Work Processes QA-L-13-100 QA-L-13-100 Section 8.13 YES 
and Shipping 5.7 Sample Custody 

14. Inspection. Test, and 8. Inspection and QA-L-14-100 QA-L-14-100 Section 8.14 YES 
Operating Status Acceptance Testing QA-L-14-101 QA-L-I 4-10 1 



Table 8.1 (continued) 
\0 .... 
I 

~ 
~ DOE ORDER ORNL QA Implementing Location in Additions/ 

- NQA-l Basic Element QAMS 005/80 5700.6C Criteria Manual reference procedures GWOU QAPjP Clarifications 
v. 
'g 

15. Non-conformances 3. Quality Improvement QA-L-15-IOO SOP Variance. Section S.15 YES. 
nonconformance. 
occurrences and 
corrective actionQ 

16. Corrective Action 5.15 Corrective Actions 3. Quality Improvement QA-L-I6-102 SOP in above SOpa Section 8.16 YES 
5.16 QA Reports 

17. Quality Assurance QA-L-17-IOO ERiP-OS/ERP-DM C Section S .17 YES 
Records SOP Document 

mgmt. cente~ 

IS. Audits 5.12 Performance and 9. Management QA-L-IS-IOO QA-L-lS-lOO Section S.lS YES 
System Audits and Assessments QA-L-IS-IOl QA-L-18-101 
Frequency 10. Independent QA-L-lS-102 QA-L-lS-I02 

Assessments 00 
~ 

19. Software QA-L-19-100 QA-L-19-100 Section 8.19 YES 

20. Program Specific QA-L-20-102 SOP Document Section S.20 YES 
Procedures review" 

QStandard operating procedures (SOPs) to be developed or in development. 

- - - - - - - - - - - - - - - - -- -
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GWOU use with referenced additions and/or clarifications. Where minor additions, and/or 
clarifications to the ORNL QA plan are sufficient, no project-specific procedures have, been 
developed. However, some of the ORNL elements require extensive elaboration to describe 
GWOU project-specific procedures. In these cases, project-specific standard operating procedures 
(SOPs) are referenced in the modular profIle. 

8.1.3 Exclusion Rationale 

NQA-l Element 3, "Design Control," iB intended to control project interfaces with design 
organizations. The GWOU project has no current need to interface with the Engineering Division 
or other Energy Systems design organizations. If this need arises, the design control element will 
be addressed in a subsequent revision of this plan, or within project-specific QA plans. The 
QAMS 005/80 topics associated with NQA-l Element 3 are addressed in various sections of the 
ORNL GWOU RI QAPjP. 

8.2 PROJECT ORGANIZATION 

The project organization and project participants are discussed below. The responsibilities 
defined within this section are those specific to the development, implementation, and assessment . 
of the GWOU project QAPjP. Additional QA -related responsibilities are delineated in the Project 
Document Summary (Table 8.2). 

All organizations performing tasks for the GWOU must have a QA plan that meets the 
GWOU investigation DQOs. Review of other organizations' QA plans is the responsibility of 
the Extra-Project Coordinator, the GWOU QA/QC Coordinator, and the Project Manager. If 
there is no approved QA plan for the task, then the organization will be required to develop an 
acceptable plan. It may be necessary to add project-specific attachments, such as organization 
charts, functional responsibility matrixes, and surveillance plans, to otherwise adequate plans. 

Interface agreements will be developed with all organizations performing tasks for the 
GWOU. These interface agreements will provide configuration and change control statements 
between organizations. 

8.2.1 Responsibilities 

8.2.1.1 Project manager 

In addition to those responsibilities outlined in the Program Management Plan (ORNLIER 
167), the responsibilities of the Project Manager include the following: 

• ensures' that the appropriate QA-requirements of this document are included in planning, 
investigation, analysiB, and reporting activities for the GWOU project; 

• ensures that the QA Specialists are included in, or informed of, all project activities; 

• consults with the QA Specialists on all quality-related matters; 
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Table 8.2. GWOU project document summary 
10 
't' -~ QA Controlled 
0 Document tiUe record? • document? Prepare Review Approve 00 -.... -g Quality assurance YES YES QAC PM GWOU-QAS ERD-QAS HSC PM ERD-QAS GWOU-QAS 

plan 

Personnel training YES NO QAC PM PM 
records 

Standard YES YES PS WAC PM PM 
operating 
procedures and 
instructions 

Sampling and NO YES PM, PS PR 
analysis plan 

Remedial NO YES PM, PS PR 
investigations 
plan 

Chain ,-I .'.I5tody YES NO FSC DBM QAC QAC,AO 
00 
0-. 

(onlLs 

QA YES NO QAC,AO PM QAC ERD-QAS GWOU-QAS DO PRM 
audiVsurveillance 
reports 

External data NO NO EDS EPC QAC TSK QAC 
source QAPs 

Statements of YES NO ASC, PM QAC PM 
work APO 

Standards YES NO STI.. QAC 
traceability 
documents 

Lab/field forms YES NO PS FSC QAC 

Lab/field YES NO PS FSC QAC STI.. 
notebooks 

- - - - - - - - - - - - - - - - - - -



- - - -- - - - -- - - - - --- - -
Table 8.2 (continued) 

'l:l 
't' 

~ 
~ QA Controlled 
<:> 

Document tiUe reoord? document? Prepare Review Approve oc -"" ~ Data: YES NO DBM QAC STL 
electroniclbard 
copy 

Memoranda of YES NO PM QAC DO PRM 
agreement 

Interface YES NO PM QAC DO PRM 
agreements 

Variance logbook YES NO FSC QAC GWOU-QAS PM PM ERD-QAS GWOU-QAS 

Deviation request YES NO PS QAC GWOU-QAS PM PM ERD-QAS GWOU-QAS PRM 
forms 

Controlled NO YES DBM, 
software . STL 

QAsummary YES NO QAC PM ERD-QAS GWOU-QAS PRM 
00 
!.:a 

reports 

Inspection reports YES NO EI LS 

Lab operations NO YES LS QAC PM 
manual 



\CO .... 
I -~ QA 
0 
00 Document title record? -.... 
~ Corrective action YES 

reports 

Health and safety YES 
plan 

- - - -

Controlled 
document? 

NO 

YES 

AD 
AL 
AO 
APO 
ASC 
DBM 
DD 
EDS 
EI 

Prepare 

QAC 

HSC 

EPC 
ERD-QAS 

GWOU-QAS 

- -

Table 8.2 (continued) 

Review 

PM GWOU-QAS ERD-QAS AO 

ASC QAC PM 

Table Key 

agency/organization director/manager 
Analytical Laboratory 
aUditing organization 
analytical projects office 
analytical services coordinator 
data base manager 
division director 
external data source 
equipment inspector 
extra project coordinator 
ORNL Environmental Restoration 
Program quality assurance specialist 
Groundwater Operable Unit quality 
assurance specialist 

- - -

FSC field sampling coordinator 
HSC health and sarety coordinator 
LS laboratory steward 
PM project manager 
PR peer reviews 
PRM ER program manager 
PS project staff 
QAC quality assurance/quality control 
RM ER remediation manager 
SH section head 
STL sampling team leader 
TSK task leader 

- - - -

Approve 

PRM DD 

00 
do 

- - - - - -



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

8-9 

• provides resolutions for quality problems and determines root-cause analysis, proposed 
solutions, and corrective actions, coordinating these activities with the QA/QC Coordinator; 

• submits the appropriate documents to the QA Specialist for comment and approval; and 

• ensures that the project personnel are qualified and trained to perform the assigned project 
activities . 

8.2.1.2 QA specialist 

The responsibilities of the QA Specialist include the following: 

• provides assistance and approval of the QAPjP, procedures, and instructions; 

• evaluates the effectiveness of project QA activities through scheduled audits and surveillances 
in cooperation with the GWOU QA/QC Coordinator; and 

• provides guidance to resolve quality problems and ensures that corrective action is taken and 
is appropriately documented. 

8.2.1.3 QAlQC coordinator 

The responsibilities of the QA/QC Coordinator include the following: 

• provides QA coordination between the Project Manager, QA Specialist, and project 
participants to ensure implementation and assessment of this plan; 

• conducts field and laboratory evaluations of sampling methods and analytical procedures to 
ensure adherence to the QAPjP, SOPs, and instructions; 

• oversees project-specific procedures and training development, implementation, and tracking; 

• verifies that SOPs are in place and that appropriate personnel have been trained in the 
procedures; and 

• conducts QAPjP orientation to all GWOU investigation staff. 

8.2.1.4 Task leaders 

Task leaders are responsible for integrating available information and collected data to meet 
the objectives and requirements of their specific tasks. Additional responsibilities of the task 
leaders include the following: 

• assists the Project Manager in achieving the goals and objectives of the GWOU project; 

• assists in project management and provides the Project Manager with project progress 
reports; 
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• supervises and reviews subcontractor activities; 

• maintains records in accordance with the GWOU QAPjP; 

• provides final validation of field and analytical laboratory data and review of data for 
completeness, documentation, procedures, and consistency with known physical-chemical 
principles; 

• resolves any technical questions concerning the data; and 

• implements appropriate staff training and ensures that all project staff have been adequately 
trained and are in compliance with project QA/QC, health and safety, waste management, 
and data management requirements. 

8.2.1.5 Sampling team leaders 

Sampling team leaders are responsible for the management and coordination of specific field 
sampling teams. Additional responsibilities of the sampling team leaders include the following: 

• coordinates and supervises field sampling activities and ensures that all sampling activities 
have been approved by the QA/QC Coordinator; 

• coordinates activities with project management; 

• provides orientation, hazard information, and training to technical staff, based on the 
requirements of the support plans; 

• ensures that field-related activities are performed correctly and documented as required by 
the GWOU QAPjP; 

• reviews and signs field logbooks and transfer copies of field logs to the ER Document 
Management Center (DMC) and the subcontractor's records center; 

• performs initial validation of analytical data provided by internal GWOU laboratories prior 
to data transfer to the ER DMC and subcontractor's records center; 

• provides field implementation of the health and safety (H&S) plan, including communication 
of requirements to all personnel and field supervision, and ensures that site personnel have 
received required OSHA and GWOU training and that they adhere to the site safety 
requirements; 

• informs the project H&S'-Coordinator of any directed or required changes in sampling plans 
so that they may be appropriately addressed; and 

• ensures that Corrective Action and Nonconformance Reports are initiated if necessary. 
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8.2.1.6 Analytical services coordinator 

The Analytical Services Coordinator is responsible for the custody and transfer of samples 
and results among the sampling tearns and analytical laboratories. The Analytical Services 
Coordinator is the main contact for the laboratories concerning chain of custody and requests for 
services forms. Additional responsibilities of the Analytical Services Coordinator include the 
following: 

• coordinates all sampling analysis requirements with the Analytical Project Office per 
Requirements for Quality Control of Analytical Data for the Environmental Restoration 
Program, ESIERffM-16 (Energy Systems 1992c); 

• establishes and maintains a chain-of-custody and request-for-services forms control system, 
in conjunction with the project QA/QC Coordinator; . 

• receives chain-of-custody samples from the field crews and transfers them to analytical 
laboratories ; 

• ensures that chain-of-custody and request-for-services forms are properly completed prior 
to transfer of sample custody; 

• ensures that Corrective Action and Nonconformance Reports are initiated if necessary; and 

• oversees final disposal of samples to ensure that proper procedures are followed. 

8.2.1.7 Health and safety coordinator 

The H&S Coordinator is responsible for ensuring that site personnel adhere to the site H&S· 
r~quirements. Additional responsibilities of the H&S Coordinator include the following:' 

• . reviews the QAPjP; 
• develops, coordinates, an,d implements the H&S plan; 
• reviseS the H&S plan as warranted by changed site conditions; and 
• ensures that all GWOU personnel adhere to H&S requirements. 

The Project Manager, with the assistance of the H&S Coordinator, handles the agency 
liaison matters relating to health and safety. During field work, the sampling team leader will 
normally assume the responsibilities of theH&S, Coordinator in his or her absence. 

8.2.1.8 Extra-project coordinator 

The-Extra-Project Coordinator is' responsible for establishing linkages, exchanging 
information, and generally cooperating with other research, investigation, and monitoring 
activities in and around the GWOU area. 
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8.2.1.9 Technical. support starr 

The responsibilities of the technical support staff include the following: 

• . complies with all aspects· of the GWOU QAPjP; 

• performs project activities in accordance with approved SOPs; and 

• identifies and documents variations to SOPs as described under Element 15 of the QAPjP 
modular proflle. 

The responsibilities of other key individuals with regard to specific QA issues are presented 
in subsequent "Responsibilities" sections of this QAPjP. 

8.3 QA PROGRAM 

8.3.1 QA Program 

The Project Document Summary (Table 8.2) identifies responsibilities for tne development, 
review, approval, and control of the QAPjP. 

8.3.2 QA Planning 

The development, review, approval, revision, and distribution of this QAPjP will follow 
guidelines set forth in Preparation, Division Approval, and Clearance of Environmental 
Restoration Documents, ER/C-PII03 (Energy Systems 1991b). 

8.3.3 DQOs 

DQOs are derived from the intended uses of the data. To develop DQOs, environmental 
variability and analytical quantitation requirements must be considered along with measures to 
evaluate the PARCC of both sample collection and analysis, and the level of documentation 
required to support the intended use of the data. Because initial GWOUsampling efforts 
emphasize scoping and screening activities, the sampling locations, number of samples, and 
methods of data collection are intended to: 

1. provide information for locations, media, and/or analytes for which few data exist, and 
2. estimate environmental variability. 

Therefore, consideration of environmental variability has not been included in the development 
ofDQOs for this stage of the GWOU activities. 

To allow for flexibility in the GWOU program, the DQO process will incorporate three' 
phaseS: 
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1. Qualified individuals designated by the Project Manager will' perform.an evaluation to 
determine the logical use of the data and the definition of the parameters that must support 
the sampling and analysis process. 

2. This group will then determine the enhancement of specific requirements such as sampling 
and analytical methodology resulting in detection limits and determine the QC documentation 
to support this process. 

3. Finally, this group will make a determination of the most effective way to maximize the 
efficiency of the collection design. This involves, when applicable, the identification of 
acceptable levels of uncertainty and the inherent variability of environmental samples, while 

, taking into consideration those factors that could account for variability of the data. 

The analytical methods selected are based on quantitation limits (levels of concern) required to 
identify COPCs (e.g., the evaluation of applicable or relevant and appropriate requirements, the 
conducting of risk-based contaminant screening, the establishment of background conditions, 
etc.). Data meeting historic method quality control criteria therefore meet the analytical 
requirement of the DQO for this project. 

Meeting project data-use requirements will require the use of a decision-making process by 
which measurement tasks are assigned the appropriate level of QC documentation to support the 
stated environmental problem. These levels will be designated. I through IV, and are intended 
to be equivalent to the levels defined in Data Quality Objectives for Remedial Response Activities 
(EPA 1987a). The GWOU investigation risk assessment team, in consultation with the Project 
Manager and the ER Analytical Project Office,. will determine the QA level required for all 
measurements and activities. 

In general, if data are to be used directly for risk assessment, feasibility studies, or remedial 
design, QA Level III or higher will be required. Data of two different quality levels will be 
generated during field investigations. Field data such as the results of radiation monitoring will 
meet the requirements of QA Level I or Level II. Analytical laboratory data collected for surface 
water and groundwater will meet the requirements of QA Level III or Level IV. For example, 
Level I and Level II data is obtained from field screening exercises using portable instruments., 
Results may not be quantitative or compound specific, but are inexpensive and can be made 
available quickly. Level I and Level II data can be, used for such scoping and screening activities 
as (1) initial delineation of contaminated zones, (2) crude presence or absence of contamination, 
and (3) gross determination of analytes in samples. 

Level III and Level IV data requirements provide laboratory analyses using standard EPA 
methods such as those in SW-846 (EPA 1986). EPA 600/4-79-020 (EPA 1983b), and the CLP. 
Levels ill and IV provide quantitative analytical results that require a level of QA/QC resulting 
in legally defensIble data.-Datr at both of these levels' 'are produced 'under equally rigorous 
conditions. Level IV, however, has a deliverable that is provided in a legally defensible 
"package." Levels ill and IV data are suitable for site characterizations and risk assessments. 
The QA requirements for Levels III and IV are (1) detection limits for each procedure will be 
consistent with EPA-approved methods, (2) laboratory QA/QC procedures will follow 
method-specific requirements, and (3) field QAlQC procedures will be assessed by reviewing data 
generated from the analysis of trip blanks, equipment rinsates, field blanks, and duplicate 
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samples. Level ill packages should also include analytical results for the QA/QC samples run, 
which aids in validation or verification. The determination of the appropriate QA level for data 
collection (field measurements or analytical methods) will depend on the intended use of the data. 

The GWOU project will involve a long-term investigation and assessment effort, during 
which time analytical methods will likely change. Therefore, a minimum of 10% of the data 
collected for the GWOU investigation will meet the requirements of QA Level IV data. The 
Level IV, full CLP-like data packages will compare to current and future analytical methods, and 
will ensure the ongoing usability of data for the duration of the GWOU project. 

8.3.4 QA Program Status Reporting 

The active participation of management in the GWOU investigations is fundamental to the 
success of this QAPjP. Management will be aware of project activities and will participate in 
development, review, and operation of the project. Management will be informed of QA status 
and activities through the receipt, review, and approval of the following documentation: 

• laboratory and project-specific QA/QC plans and procedures; 
• . post-audit reports and audit closures; 
• surveillance reports; 
• deviation request forms; 
• corrective-action overdue notices; 
• nonconformance reports; and 
• self assessments. 

The individuals responsible for providing management with thehored:dotumelltationare' 
defined in Table 8.2. Copies of these reports will be distributed to appropriate Energy Systems 
and, Oak Ridge Field Office management and regulatory agencies. In addition, bi-annual 
assessment of QA/QC activities and data PARCC will be conducted by the QA/QC Coordinator 
and reported to the GWOU Project Manager. 

Project management will inform the ER Program and others, as appropriate, of the QA 
status of the project, especially with regard to any significant quality accomplishments. GWOU 
investigation personnel are required to inform the Project Manager or project support staff of all 
nonconformances or quality failures. The Project Manager will document and immediately report 
any nonconformances or quality failures to the QA Specialist. It is the responsibility of the QA 
Specialist to report all quality-associated activities to the ORNL ER Program QA Specialist. 

8.3.5 QA Training and Awareness 

AllORNL and subcontractor personnel working on the GWOU investigations will be 
properly trained,qualified-individuals."QAawareness will be addressed at information sessions 
and though distribution of the project QAPjP. The QA/QC Coordinator will be responsible for 
conducting the information sessions and distributing the plan. Receipt of information will be 
documented by attendance and document sign-out sheets. Prior to the commencement of work, 
all project and sampling team personnel will receive a training needs assessment specific to the 
investigation covering the following areas: 
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• organization and lines of communication and authority; 
• description of the GWOU system; 
• overview of the Sampling and Analysis, QA/QC, H&S, and Data Management Plans; 
• documentation requirements; 
• sampling related procedures; 
• personnel protection procedures; 
• waste management procedures; 
• decontamination procedures; and 
• emergency procedures. 

Personnel will receive required training by qualified instructors prior to performing work 
related functions. Instructions will be qualified/certified and substantiating documentation will 
be provided. Documentation will be maintained as QA records. QA information sessions will 
be conducted annually or more frequently as needed. Training information is included in each 
applicable standard operating procedure or instruction. 

8.3.6 QC Samples 

8.3.6.1 Field QC samples 

Field QC sampling will be conducted to establish bias inherent in field activities and will 
constitute 5% to 10% of the total number of samples collected. All QC samples will be shipped 
according to the chain-of-custody procedures specified in Sect. 8.8 of this QAPjP. "Field QC 
samples will include blanks and replicates as described below. 

Field rinsate. A fieIQzr.!,nsate consists of final rinse water from the decontamination of field 
sampling equipment. Analysis of the field rinsate determines whether the decontamination 
procedure is adequate to prevent. c;:arryover of contamination from one sampling location to 
another. A field rinsate will be collected as designated by the project-specific sampling plan for 
any given piece of sampling equipment. 

Field blank. One field blank, consisting of source water (organic-free water) used for 
decontamination, wilJ. be collected once per sampling event or as designated' by the 
project-specific sampling plan. Field blanks will also be used to detect airborne metal or organic 
contaminants present at the time of sample collection. One field blank container consisting of 
organic-free water will be opened during the collection of metal or organic samples as designated 
by the project-specific sampling plan. 

Trip blank. A trip blank, consisting of a sealed container of organic-free water, will travel 
from the field to the laboratory with the samples to be analyzed for the contaminants of concern. 
The trip blank identifies contamination that may have been contributed to the field samples during 
transportation (receives the same treatment as sample containers). Trip blanks will be collected 
no less than once per week during field sampling activities, or as designated by the 
project-specific sampling plan. 

Field duplicate. Field duplicates, which consist of a duplicate sample from one field 
sampling location, indicate whether the field sampling technique is reproducible. Duplicate· 
samples will be obtained at an appropriate collection frequency for all sample matrices. 
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Field QC samples will have discrete sample numbers and will be submitted as "blind" to the 
laboratories. Results of these samples will be included in the analytical data reports. Results for 
QC samples will not be used to adjust the results obtained for original samples. In the event that 
contaminants are found in the blank samples, attempts will be made to identify the source of 
contamination, and corrective action will be initiated. 

8.3.6.2 Laboratory QC samples 

Laboratory QC samples will be used to check sample preparation and analysis, and to 
monitor laboratory performance. Specific data deliverables will be approved by the ER Program 
Analytical Project Office. Specific requirements for groups of samples will be specified in SOWs 
for those samples. The laboratory QC documentation requested for delivery will be specified in 
the SOW and will be dependent upon the intended use of the data, as determined by DQOs, for 
a given sampling event. Requirements for quality control of analytical data will be implemented 
in accordance with Energy Systems document ESIERITM-16 (Energy Systems 1992c). 

8.4 PROCUREMENT DOCUMENT CONTROL 

The GWOU project procurement document control will follow ORNL procedure 
QA-L4-100 (Energy Systems 1988c). Procurement of laboratory services will be in accordance 
with ES/ERITM-16. 

8.5 INSTRUCTIONS, PROCEDURES, AND DRAWINGS 

8.5.1 Responsibilities 

8.5.1.1 ER procedures coordinator 

The ER procedures coordinator reviews the purpose and scope of GWOU procedures and 
task instructions for applicability to other environmental restoration activities. 

8.5.1.2 GWOU procedures coordinator 

The responsibilities of the GWOU procedures coordinator include the following: 

• assigns numbers to GWOU procedural documents and interfaces with the ORNL ER 
Program-QA Specialist and editor; 

• inputs into a data base tracking information on the documents created; 

• ensures that the data base remains current; 

• coordinates the development and issuance of GWOU procedures and instructions with ER
ORNL Site Document Manager; 
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• facilitates the review of new and revised awou -procedures and instructions with 
appropriate review staff and makes certain that required approvals are obtained for these 
documents; 

• facilitates the revision of procedures and instructions; 

• arranges for a classification review of procedural documents; 

• develops appropriate distribution lists, along with-the assistance of the author, for review 
copies and final copies of GWOURI procedural documents; 

• arranges for the distribution of these documents with the awou DMC; 

• issues binders for storing procedural documents to individuals on a controlled distribution 
list; 

• prepares and arranges the distribution of revised tables of contents and acknowledgment 
forms for the receipt of procedural documents; 

• conducts routine yearly reviews of procedural documents (in conjunction with the prinCipal 
author, and/or peer reviewers of the procedural documents) to determine any necessary 
revisions of these documents; and 

• indicates approval of all procedures and instructions on an approval form before they are 
routed to the principal author and Project Manager for their approvals. 

The GWOU investigations procedures coordinator's approval indicates that procedural 
documents have gone through all necessary reviews and that appropriate required changes have 
been incorporated into the documents. Procedures coordinator approval is not approval of the 
technical or administrative content of a document, and it is not approval from a quality assurance 
perspective. 

8.5.1.3 Principal author 

The author of a GWOU remedial investigation procedure or instruction is responsible for 
ensuring that the document addresses the following: 

• complies with ER Procedure ERWM/C-PllOO-Initiation, Review,Revision, Approval, and 
Issuance of ER Waste Management Programs Intersite Procedural Documents; 

• adequately addresses its intended audience;. 

• communicates complete and accurate information on the process being described; 

• . complies with federal, state, and local laws and regulatory guidelines, and Martin Marietta . 
corporate, Energy Systems, division, and site policies, procedures, and instructions; and 

• shows an appropriate effective data on the last page of the document. 
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,\dditional responsibilities of the author include the following: 

making certain the above noted requirements are accomplished; 

soliciting two peer reviews of the document (see definitions); 

working with the GWOU procedures coordinator, other authors who may need to be 
assigned to assist with the writing task, the peer reviewers, and the editor to follow the 
procedure or instruction from conception through management approval; and 

indicating hislher approval of a procedure or instruction before it is routed to the Project 
Manager for approval. 

8.5.1.4 Editor 

The editor of a GWOU-generated procedure or instruction is responsible for the following: 

• ensuring that the document's style, format, and organization are consistent with the 
Document Preparation Guide (Energy Systems 1989) and that the document meets the 
quality guidelines specified in this QAPjP; 

• editing the document to the level of edit specified by the author, which may include a 
substantive in-depth review of the document's content; 

• ensuring that any changes required by the author and other reviewers of the document are 
made; 

• providing a copy of the final document to the author for verbal approval; and 

• sending the original document to the GWOU procedures coordinator for routing and project 
approval. 

The editor of a GWOU procedural document does not indicate approval of the document on 
the form developed for project approval unless he/she is also the principal author of the 
document. 

8.5.1.5 QAlQC coordinator 

The QA/QC Coordinator is responsible for the following: 

• reviewing technical and administrative procedural documents to ensure that appropriate QA 
program requirements have been addressed; 

• providing written comments on all procedural documents reviewed and indicating approval 
of final documents; and 

• updating the GWOU remedial investigation modular profile when procedures or instructions 
have been approved. 
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8.S.1.6 Peer reviewer 

The peer reviewer of any GWOU RI procedure or instruction is responsible for verifying 
that the document addresses the following: 

• adequately addresses its intended audience; 
• accurately describes the process being documented; and 
• bas an appropriate scope and execution. 

Additional responsibilities of the peer reviewer include the following: 

• provides written comments on all documents reviewed but is not required to indicate 
approval of a procedural document; and 

• requests to see a copy of an approved procedure or instruction prior to its distribution to 
verify that all of the peer reviewers' concerns have been addressed. 

Two peer reviewers are required for every administrative and technical procedure and 
instruction generated by the GWOU RI. One peer reviewer is required for every peN issued by 
the GWOU RI. 

8.S.1.7 Project manager 

The GWOU RI Project Manager bas ultimate responsibility for the following: 

• ensuring the appropriateness of the scope and execution of technical and administrative 
procedural documents; 

• ensuring that procedures and instructions conform to federal, state, and local laws and 
regulatory guidelines, and Martin Marietta corporate, Energy Systems, division, and site 
policies, procedures, and instructions; 

• verifying that reviews appropriate for the type of procedural document (administrative or 
technical procedure or instruction) have. taken place (as evidenced by the signatures on the 
approval form for procedures and instructions); 

• signing the approval form for all procedures and instructions and signing and dating the last 
page of procedural documents to indicate approval; and 

• ensuring that procedures and instructions are properly administered and implemented within 
the project. 

8.5.1.8 GWOU DMC information assistant 

The GWOU DMC information aSsistant works with the GWOU procedures coordinator to 
ensure that GWOU procedures and instructions are distributed to all appropriate parties. The 
information assistant is also responsible for the following: 
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• prepares approval copies of procedural documents for mailing using distribution lists 
supplied by the GWOU proced~es coordinator; and 

• maintains the record copy and the original, approved copy of all procedural documents 
generated by the GWOU in accordance with the Energy Systems guidelines outlined in 
"Retention and Disposition of Records," GP-21, Policy, Standards, and Procedures Manual 
(Energy Systems 1991c). 

8.5.2 Standard Operating Procedures and Instructions 

Identification of the individuals involved with project procedures and instructions is presented 
in the Project Document Summary (Table 8.2). All project-specific SOPs and instructions are 
maintained in the GWOU RI Plan Procedures and Instructions Manual by the GWOU QA/QC 
Coordinator. Refer to Table 8.3 for a listing of GWOU RI standard operating procedures and 
instructions . 

8.6 DOCUMENT CONTROL 

This section applies to documents pertaining to the GWOU project and to the management 
of those quality-related documents that are in active use during the life of the project. The 
documents include, but are not limited to, the following: 

• QA documents; 
• sampling data; 
• technical notebooks; and 
• procedures. 

Document control will be in accordance with Distribution of Controlled Documents by the 
Document Management Center for the ER Program, ERIC-PI I 13. 

8.6.1 Responsibilities 

Refer to the Project Document Summary (Table 8.2) for a list of project documents, and for 
identification of controlled documents. 

8.6.1.1 Project manager 

The Project Manager is responsible for the following: 

• identifies project documents required to be controlled; and 
• informs the QA/QCCoordinator of controlled document designations. 

8.6.1.2 QAJQC coordinator 

The QA/QC Coordinator oversees the control of designated project documents according to 
the procedures listed in the Modular Profile (Table 8.1). 
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Item or activity 

Field operations 

Technical procedures 

Training documentation 

Chain-of-custody records 

Instrument calibration 
documentation 

Sample identification & storage 

Project QA plans 

Laboratory operations manual 

"Quality assurance/quality control 
DQuality assurance specialist 
"Project staff 
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Table 8.3. S1II"ft':IlIarc adivities 

ResJX>IISible person 

QAC'orQ~ 

QACorQAS 

QACorQAS 

QAC 

QACor PSt 

QAC or PS 

QAC 

PS or QAC 

Frequency 

Quarterly (initially) 

Annually 

Annually 

Quarterly 

Annually 

Semi-Annually 

Annually 

Annually 

Date 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

Note: Overview of surveillance activities will be perfonned by ER-QA Specialist quarterly, or as deemed necessary by same. 
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8.6.2 Procedures 

The QA/QC Coordinator ensures adequate document control by: 

• developing and maintaining a distribution list of individuals requiring controlled project 
documents; 

• distributing revisions to controlled documents; and 

• tracking the receipt of revisions by project staff through the use of receipt forms and 
periodic document checks. 

Record copies of all GWOU documents will be indexed and filed at the GWOU RI DMC 
and the ER DMC. 

8.7 CONTROL OF PURCHASED ITEMS AND SERVICES 

8.7.1 Responsibilities 

Identification of organizations and GWOU investigation staff members responsible for the 
development, review, and approval of Analytical Laboratory SOWs is presented in the Project 
Document Summary (Table 8.2). 

The laboratory steward is responsible for the following: 

• monitors and schedules (when necessary) equipment inspections as designated in the 
laboratory operations manual for any internal laboratory performing services for the GWOU 
project; 

• provides the Project Manager and the QA/QC Coordinator with inspection reports; 

• develops and maintains the laboratory operations manual and calibration logbooks; and 

• records calibration failures. 

8.7.2 Procedures 

8.7.2.1 Laboratory scope of work 

Laboratory SOWs will comply with the following: 

• be developed in conjunction with the ER Analytical Project Office and in accordance with 
ES/ERffM-16; 
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• specify QC requirements and QC sample deliverables; and 

• be submitted to the laboratory for approval prior to sample shipment. 

The analytical laboratory shall submit the results of requested control sample analyses and 
other QA/QC documentation to the GWOU RI Analytical Services Coordinator to ensure 
confonnance with established control limits and other QA requirements. The QC requirements 
will be established based on project DQOs as they are developed for specific tasks over the 
course of the GWOU investigation. The data validation process will impose sufficient controls 
over the qUality of analytical laboratory data and services. The laboratory will not perform data 
validation; rather, data will be validated by an organization independent of the ·laboratory. The 
data review process consists of data screening, checking, auditing, verification, certification, and 
review. 

, All GWOU laboratories shall develop, control, and maintain a laboratory operations manual 
in accordance with Procedure ES-ADM-92-OO3 (Energy Systems 1992d). Refer to Table 8.2 for 
the identification of individuals responsible for laboratory operations manuals.· . 

Laboratory calibration standards, when commercially available, will be traceable to NIST, 
EPA, or other' certified laboratories. Documents certifying traceability are considered QA 
records and shall be indexed and filed in the GWOU DMC and the ER DMC. 

The format and content of hard copy and electronic data reports will adhere to project needs 
and will be specified in SOWs, which include contract requirements of DOE and regulatory 
agency reporting formats. The laboratory supervisors are responsible for the preparation of each 
technical report, including the process of data validation. The required hard copy format will be 
specified in the laboratory SOW. The following requirements regarding data will also be applied': 

t .... ,h 

• final data presentatioll shall be checked according to data validation requirements and 
approval by the appropriate sampling team leader and laboratory steward; 

• each page of data will be identified with the project number or project name, sample 
delivery group number, batch number, and data of issue; and 

• electronic copies of the data must match the hard copy reports. 

Electronic data contents in the report will include the following: ' 

• sample identification number used by the laboratory and/orthe sample identification 
provided to the laboratory if it is different from that used in the labor~tory; . 

• sample delivery group number and batch number; 

•. chemical parameters analyzed, reported values, laboratory data qualifiers, and units of 
measurement; 

• quantification limit of the analytical procedure; 
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• results of QC sample analysis; 

• achieved accuracy. precision, and completeness of data; 

• references to specific data if required to explain reported values; and 

• analytical methods used, 

, Analytical methods will be specifically refert:r;:::ed on all laboratory reports. Any method 
modification will be included in the case narrative provided by the contract laboratory, Data for 
field QC samples will be reported in the same format as that used for actual samples. 

8.7.2.2 Equipment calibration 

A calibration information table for all laboratory and field equipment is located in the 
laboratory operations manual of the laboratory where the equipment is stored or operated. The 
calibration information table defines the calibration schedule, calibration procedure reference, 
measurement and test equipment category, and the individual responsible for calibration. 

Calibration methods, when calibration is performed by the operator, are located in SOPs 
referenced in the laboratory operations manual calibration information table. 

Registered calibration logbooks shall be maintained for each laboratory. The laboratory 
steward ensures that calibration records are kept current through periodic reviews. 

Calibrated equipment shall be,uniquely identified by either the manufacturer's serial number 
or an instrumentation and control number. 

All equipment shall be categorized according to measurement and test equipment categories 
described in the laboratory operations manual of the laboratory where the equipment is stored or 
operated. The laboratory steward shall place calibration category decals on laboratory equipment. 

Calibration failures can occur regardless of timely calibration checks. In the event that an 
individual suspects an equipment malfunction, that person should perform the following: 

I. remove the device from service; 
2. tag the device so that it is not inadvertently used; and 
3. notify the laboratory steward or sampling team leader. 

If equipment is found to be out of calibration. the sampling team leader or laboratory 
steward shall evaluate and, document (in the calibration logbook) the validity of previous 
inspection or test- results; -and 'thc 'acceptability of srmilar-equipmentpreviously inspected or 
tested. Devices that are out of calibration will be recalibrated prior to reuse. Any equipment 
found to be consistently out of calibration shall be repaired or replaced. Any such action shall 
be recorded in the calibration logbook. 
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8.8 IDENTIFICATION AND CONTROL OF ITEMS 

8.8.1 Responsibilities 

8.8.1.1 Field sampling coordinator 

The field sampling coordinator is responsible for the following: 

• determines the method of identification of samples in conjunction with the QA/QC 
Coordinator and the Data Base Manager. and ensures that the items are identified in· 
accordance with project SOPs; 

• ensures that physical identification of equipment is provided to the maximum extent possible; 

• ensures that when identification markings are used the identification materials and methods 
provide a clear and legible identification, that they do not detrimentally affect the function, 
integrity, or service life of the item, and that the markings will last for the time required; 
and 

• ensures that identification markings are transferred to each part of an identified item when 
the item is subdivided and that the markings shall not be obliterated or hidden by surface 
treatments or coatings unless other means of identification are substituted. 

8.8.1.2 QAlQC coordinator 

• 

• 

• 

• 

The QA/QCCoordinator is responsible for the following: - :;: 

determines that sponsor requirements for identification and traceability of samples are met; 

ensures that chain-of-custody procedures are completely described through the issuance of, 
and training on, chain-of-custody procedures; 

ensures that procedures for the collection, handling, storage, and identification of samples 
are included in the GWOU SOPs; and 

ensures that procedures for control, identification, and cleaning and maintenance of sampling 
equipment and instruments are developed and implemented. 

8.8.2 Procedures 

Each .environmental sample collected will have a unique identifier that will be physically : 
associated with the'sample~ and maintained 'from the time of sample collection to sample disposaL 

Sample chain-of-custody procedures require documented sample possession from the time 
of collection to disposal, in accordance with Energy Systems Procedure ESP-500 (Kimbrough et 
aL 1994). 
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Shipping and handling procedures will be in accordance with technical SOPs developed for 
each sample medium and type of analysis. 

8.9 CONTROL OF PROCESSES . 

For the purpose of this. program, control of processes will be used to indicate the use of 
data/sampling collection through interface agreements. Data from several other projects will be 
utilized in the GWOU RI. The Extra-Project Coordinator will be the point of contact for 
interactions with these various groups (i.e., Clinch River RI, ORNL WAGs RIIFS, the Biological 
Monitoring and Abatement Program, the National Pollutant Discharge Elimination System, the 
Active Sites Environmental Monitoring Program, and the Environmental Surveillances Program). 
Data from these groups will be transferred to the Data Management and Integration Group. The 
QA plans developed for these groups will be reviewed and their status relative to GWOU data 
quality objectives will be documented. GWOU QA staff will review the data and data quality 
objectives to ensure that the data are appropriate for the proposed application in the GWOU 
investigation. GWOU staff will also review or participate in audits and surveillances to ensure 
that the data are being collected and handled in the manner prescribed in the QA plan of the 
group providing the data. Interaction between external data sources will be additionally 
controlled by the implementation of interface agreements. 

8.9.1 Responsibilities 

Identification of organizations and GWOU staff members responsible for the review and 
approval of QA plans of external data sources, and the development, review, and approval of 
interface agreement, are presented in the Project Document Summary (Table 8.2). In addition, 
the Project Manager is responsible for the following: 

• identifies organizations and projects for which interface agreements shall be written; and 
• implements and revises interface agreements as necessary. 

8.9.2 Procedures 

Interface agreements for projects or organizations that provide sample collection services, 
analytical services, and data to the GWOU investigations but do not receive funds for such 
services, will be written by the Project Manager and submitted to ER Management for 
distribution and approval. Because changes in the interface agreement may potentially affect 
GWOU data quality, the GWOU Project Manager will be notified by the external organization 
directly if any changes in the interface agreement have occurred. The Project Manager will then 
notify ER Management of the changes. 

• 
• 
• 
• 
• 

Interface agreements "shall' include, -but are not restricted to, the following: 

identification of participating project· or organization; 
identification of responsible person(s) within each project or organization; 
effective dates of Interface Agreement; 
responsibilities of each interacting organization; 

. definition of and schedule for deliverables; 
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• signature approval of both designated responsible persons; and. 
• quality assurance applicability. 

8.10 INSPECTION 

8.10.1 Responsibilities of the Project Manager 

The Project Manager is responsible for the following: 

• reviews inspection reports from inspections of field measuring devices and sampling 
equipment performed by inspecting and calibrating organizations to verify and track 
inspections on items important to the success of the project; and 

• indicates his/her review and approval by signature on the inspection report. 

8.10.2 Responsibilities of the QAlQC Coordinator . 

The QA/QC Coordinator is responsible for the following: 

• maintains inspection report copies as QA records; and 
• submits reports to the GWOU DMC and the ER DMC for indexing and filing. 

8.11 TEST CONTROL 
:~" 

8.11.1 Data Summarization, Validation, and Reporting 

The performance of laboratory equipment will be monitored through the analysis of QC 
samples and the verification and validation of QC sample data. In addition, the type and 
frequency of quality control tests shall be specified for different media and analyses in laboratory 
SOPs. 

The data validation process compares the objective with the actual through the evaluation of . 
the PARCC parameters. The laboratory will not perform data validation; laboratory and field. 
QA/QC data will be validated by an independent contract organization or by GWOU staff as 
appropriate. An SOW describing data editing, screening, checking, auditing, verification, 
certification, and review (EPA 1988b) will be implemented prior to the initiation of data 
validation. All data for this project will be evaluated by QA/QC methods and internal peer 
review. Data reduction, verification, and reporting will be in accordance with the ongoing 
ORNL ER Program Data Base Management activities (Hook et al. 1990). Data will be entered . 
into common,' standardized formats. -in addition to following field sampling documentation and 
QA/QC procedures, data are verified using a variety of computerized checks for reasonableness. 
These procedures will ensure that data are entered, encoded, and manipulated· consistently and 
are available to GWOU investigators in a usable format. 

Data validation for QA/QC Levels I and n will follow the ER Program's requirements for 
quality control of analytical data. Functional guidelines will be developed for review of Level 
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m QA/QC data packages according to the DQOs established for the project. Data validation for 
Level IV will be performed according to EPA's functional guidelines. 

8.11.2 Field Data Reduction and Evaluation 

Data collection during field activities will be evaluated by checking the procedures used and 
comparing the data to previous measurements. The QA/QC Coordinator and sampling team 
leaders will be responsible for checking field QC sample results to ensure that field measurement 
and sampling protocols have been observed. These reviews will check the following: 

• data and time sampled; 
• preservation; 
• SOPs utilized; 
• calibration method and frequency; 
• chain-of-custody documentation; and 
• nonconforming conditions and corrective actions. 

Reviewers are responsible for ensuring that data reduction calculations are documented and 
checked by qualified personnel. Reviews will be indicated by signature on the sample results. 
Written reports, including reduced and summarized data, will include the raw data in appendices. 
Specific calculations used for data reduction will also be included. 

8.11.3 Analytical Laboratory Data Reduction and Evaluation 

Analytical data generated during the sampling and analysis phase will be evaluated for 
completeness as an ongoing and concurrent process. This will include, but is not limited to, 
review of completed custody logs, photocopied pages of laboratory notebooks and data forms 
completed by the technical staff, including sample weights, dilutions, concentrations, data 
reduction, instrument logs, and all raw data. Reviewers of materials will include the sampling 
team leader, GWOU QA/QC Coordinator, and the assigned contract laboratory program 
manager. In the data review process, the data are compared to information such as the sample 
history, sample preparation, and QC sample data to evaluate the validity of the results. Data 
validation includes the following: 

• dated and signed entries by technical staff and supervisors on the worksheets and logbooks 
used for samples; 

• sample tracking and numbering systems to track the progress of samples through the 
laboratory; 

• quality control criteria to reject or accept specific data in accordance with EPACLP 
protocols and laboratory data validation -functional 'guidelines for evaluating organic and 
inorganic data (EPA 1988b, EPA 1988c), and field QC versus laboratory QC as mandated 
by this QAPjP and those requested EPA procedures; and 

• examination of all data for a sample and site by checking for consistency among replicate 
samples, sending split samples to other laboratories for analysis, and using frequency 
distributions and range checks to evaluate outliers. 
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Where possible. other checks for internal consistency, such as evaluating ion balances, wil1 
be employed. 

8.12 CONTROL OF MEASURING- AND TESTING-EQUIPMENT CALIBRATION 

8.12.1 Responsibilities 

8.12.1.1 Project manager 

The Project Manager reviews and approves, in coordination with the Analytical Project 
Office, laboratory operations manuals for laboratories conducting analyses for the awou RI. 

8.12.1.2 Sampling team leader 

The sampling team leader is responsible for the following: 

• maintains equipment field calibration logbooks; and 
• records calibration failures. 

8.12.2 Procedures 

Procedures regarding calibration of equipment are discussed in the "Control of Purchased 
Items and Servil;es" section of this QAPjP. 

8.13 HANDLING, STORAGE, AND SHIPPING 

8.13.1 Responsibilities 

X.I; 

"~ 
" 

The identification of individuals responsible for the development, review, and approval of 
SOWs is presented in the Project Document Summary (Table 8.2), 

8.13.2 Procedures 

Requirements for controlling the handling, storage, cleaning, packaging, shipping, and 
preservation of items and samples to prevent damage or loss and to minimize deterioration are 
described in SOPs for each sample medium and analysis. In addition, SOWs shall be developed 
in conjunction with the ER Analytical Project Office for each analytical laboratory performing 
services for the awou RI. These SOWs shall describe specific shipping, handling, and 
preservation measures for each analysis and sample medium. 

8.14 INSPECTION, TESTING, AND OPERATING STATUS 

The inspection, testing, and operating status determinations of monitoring stations and 
associated equipment used to collect data used by awou investigation project management are 
the responsibility of the monitoring organization. Interface agreements· between the GWOU 
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management and the monitoring organizations ensure that the GWOU RI Project Manager will 
be notified when test failures or changes affecting data qUality occur. 

8.15 NONCONFORMANCE 

8.15.1 Responsibilities 

The identification of individuals responsible for the review and approval of nonconformance, 
variance, occurrence, and corrective action documents is presented in the Project Document 
Summary (Table 8.2). 

8.15.2 Procedures 

All variances from approved GWOU standard operating procedures will be documented in 
a deviation request form. Only GWOU personnel may initiate a variance. All variances must 
be reviewed by the GWOU R1 Project Manager and the QA Specialist, and evaluated with regard 
to its possible impact on reportable data. Upon review, the Project Manager and the QA 
Specialist may initiate the following: 

1. approve the variance and allow field procedures to resume; or 
2. proceed with nonconformance, occurrence, and corrective action procedures. 

If the issuance of a deviation request form indicates the need for a minor procedural change, 
the Project Manager, field sampling coordinator, or the field team leader may initiate a 
Procedural Change Notice. 

Nonconforming equipment, items, activities, conditions, and unusual incidents that could 
affect compliance with project requirements will be identified, controlled, and reported in a 
timely manner. A nonconformance is defined as a malfunction, failure, deficiency, or deviation 
that renders the quality of an item unacceptable or indeterminate. The originator of a 
Nonconformance Report will describe the finding on the form provided for this purpose, and 
notify the GWOU R1 Project Manager, QA Specialist, and QA/QC Coordinator. Each 
nonconformance will be reviewed and a disposition given for the item, activity, or condition. 
Evaluations also will determine if the event justifies the issuance of a Corrective Action Report 
and Status. The appropriate report will document the event, the findings of the evaluation, and 
the required corrective actions. The disposition of a nonconformance will be documented and 
approved by the GWOU RI Project Manager. The QA Special~:;t will concur with the disposition 
of the nonconformance. 

The QA/QC Coordinator for a particular laboratory is responsible for the assessment of 
laboratory QC'sample information. If data fall outside accepted limits, established laboratory 
procedures for identifying the problem and taking appropriate corrective actions will be 
employed. Completion of corrective action should be evidenced by deviations returning to 
prescribed acceptable limits. 

The modification, repair, rework, or replacement of nonconforming equipment, items, or 
activities will require the reverification of acceptability.- In certain instances, as determined by 
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project management (including the Project Manager, laboratory QA/QC Coordinator, or project 
QA Specialist), these activities may require that corrective action be completed and verified 
before work continues. 

If, in the opinion of the Project Manager and the QA Specialist, the nonconformance does 
not significantly affect the technical quality or use of the work, the work may continue pending 
resolution of the nonconformance. The basis for such a decision will be documented on the 
nonconformance report and submitted to the QA Specialist for review and approval. The 
documentation will include the statement that the decision of no significant affect was made 
before continuing with the work. All nonconformances will be trended for the project-specific 
activities performed for the GWOU RI. The QA Specialist, in coordination with the QA/QC 
Coordinator, will determine the trending criteria and maintain the trending. of the 
nonconforrnances. 

8.16 CORRECTIVE ACTIONS 

Information regarding corrective actions is discussed in the "Nonconformance" section of 
this QAPjP. 

.' .. 
8.17 QA RECORDS 

All project records, including QA records, will be managed by the GWOU DMC and ER 
DMC. The GWOU DMC is responsible for the processing, maintenance, reporting, and 
retrieving of all GWOU investigation record materials and for forwarding copies to the ERDMC. 

SOP ER/P-OSIERP-DMC establishes general responsibilities and guidelines for use of the 
GWOU DMC. Duplicate files will be maintained by the ER DMC. GWOU QA records include 
the following: 

• data collection information (including electronic and paper forms); 
• data verification and validation materials; 
• surveillance and audit reports; 
• deviation request forms, nonconformance reports, occurrence reports; 
• corrective action documentation; 
• project-specific training records; 
• laboratory notebook, calibration notebook, and field notebook copies; 
• chain-of-custodyand QA sample forms; 
• analytical laboratory SOWs; 
• interface agreements; 
• variance logbook copies; 
• standards traceability documents; 
• Memorandums of Understanding; 
• SOPs; 
• QA summary reports; 
• . inspection reports; 
• calibration reports; 
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• training needs assessment; 
• sampling and analysis plans; 
• H&S plan; and 
• data management plan. 

8.18 AUDITS 

This section describes the methods and policies for planning. performing, and reporting 
audits to verify compliance with all aspects of the QA program and to determine program 
effectiveness. The requirements of this section apply to internal audits or surveillances. 

Audits will be performed in accordance with QA-L-18-100. and personnel performing these 
audits shall be qualified in accordance with QA-L-18-101. 

8.18.1 Responsibilities of the QAlQC Coordinator 

The responsibilities of the QA/QC Coordinator include the following: 

• assigns, tracks, and ensures implementation of all corrective actions identified by formal 
audits and surveillances; 

• together with the Project Manager, ensures that internal surveillances of field and laboratory 
operations are planned, executed, and documented; 

• prepares a brief surveillance summary for review and follow-up determinations by the 
Project Manager; and 

• designates, in conjunction with the Project Manager and QA Specialist, which project· 
activities, if any, require surveillances and develops a plan for implementing surveillances 
and self-assessments. 

8.18.2 Procedures 

8.18.2.1 Surveillances 

The ER-QA Specialist will provide oversight of all activities as he/she deems necessary. 
When deemed appropriate by the Project Manager, the QA/QC Coordinator will conduct 
surveillances of GWOU field and laboratory operations. The QA adequacy of these operations 
will be assessed according to the GWOU sampling and analysis· plans and applicable GWOU 
SOPs. Management will be informed of QA status through the receipt of surveillance reports. 

Project documents will be regularly surveilled for completion and clarity. Table 8.3 presents 
the surveillance frequency of project documents for the GWOU project. A surveillance schedule 
will be issued upon implementation of this QAPjP. 
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8.18.2.2 Audits 

Audits shall be performed utilizing project program documents. highlighting the items to be 
verified, and/or checklist questions. Audit results shall be documented in a report and issued 
promptly, providing the status of items reviewed and verified. Copies of audit reports shall be 
provided to the Section Head, Program Director, and QA Specialist for use in management 
assessment. Audits of GWOU field and laboratory activities will be conducted by the QA 
Specialist and the Central ER audit staff. External analytical laboratories audits shall be 
conducted by the ER Program's Analytical Project Office. Audits conducted by regulatory 
agencies shall also be performed at the discretion of the regulatory agencies. 

8.18.2.3 Frequency of audits 

The QA Specialist may perform internal audits according to a schedule that coincides with 
appropriate activities on the project schedule and sampling plans. These internal audits will be 
utilized in independent self-assessment. Such scheduled audits may be supplemented by additional 
audits for one or more of the following reasons: 

• when significant changes are made in the QA/QC plan; 

• when it is necessary to verify that corrective action has been taken on a nonconformance 
reported in a previous audit; or 

• when requested by the Project Manager. 

All other audits will be performed according to the discretion of the auditing organization. 

8.18.2.4 Self assessments 

Individuals will regularly assess that portion of GWOU project-specific elements for which 
they are responsible. These evaluations are to be done by the individuals responsible for 
performing or overseeing the work. The purpose of these assessments is to measure the 
effectiveness of the project with respect to documented specifications or objectives, in addition 
to procedural compliance. 

Management shall also evaluate that portion of GWOU project-specific elements for which 
they are responsible. The purpose of management assessments is: (1) to verify that the strategic 
objectives of the project are being met, and (2) to identify, correct, and prevent management 
problems which hinder the objectives of the project. All self assessments will be documented and 
it will be the responsibility of management to review the self assessments. 
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8.19 SOFIW ARE QA 

8.19.1 Responsibilities of the Project Manager 

The Project Manager, in conjunction with the Data Base Manager and relevant project team 
leaders, determines the project-related automated data processing (ADP) software (software, 
computer programs, documentation, etc.) and assigns the ADP software category. 

8.19.2 Procedures 

ADP software shall be categorized according to the following: 

Category 1: ADP software the failure of which can cause failure of a project or endanger 
personnel. 

Category 2: ADP software the failure of which will not cause the failure of a project or 
endanger personnel, but the failure of which will have a serious effect on project 
deliverables, production schedules, and/or cost. 

Category 3: ADP software the failure of which will neither endanger personnel nor have a 
serious effect on project deliverables, production schedules, and/or cost. 

Category 4: ADP software subject to NQA-l or similar standards by sponsor directive. This 
includes software that will be licensed or used in a licensed facility. 

Category 5: ADP software, often with a short shelf-life, developed or modified in the course 
of continuing research or development activities and that is an integral part of the 
research or development project. 

Category 6: Purchased ADP software that is a standard off-the-shelf item of proven application. 
If the purchased software is to be modified, the modified software will be 
categorized as 1, 2, 3, 4, or 5, as described above. 

Energy Systems Policy Standards and Procedures, Quality Vol. 4-ESS-QA-19.0, Software 
Quality Assurance, will provide QA guidance for the GWOU regarding ADP software control. 

8.20 TECHNICAL AND PEER REVIEWS 

8.20.1 Responsibilities 

8.20.1.1 Project manager 

Responsibilities of the Project Manager include the following: 

• determines the need for technical or peer reviews of project documents; 

• appoints qualified technical or peer reviewers for project procedures and documents; and 
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• incorporates reviewers comments, as the Project Manager deems necessary, into reviewed 
documents or procedures. 

8.20.1.2 QAlQC coordinator 

Responsibilities of the QA/QC Coordinator include the following: 

• enters documents or procedures tracking information into the data base; 

• assists the author in developing distribution lists for review and final copies; 

• obtains all required approvals; 

• confirms that all necessary approvals have been obtained and that all required changes have 
been made before author and Project Manager final approval; and 

• submits copies of reviewers comments to the GWOU DMC. 

8.20.2 Procedures 

The ER Program's procedure, Preparation, Division Approval, and Clearance of 
Environmental Restoration Documents (Energy Systems 1991b), will be followed with regard to 
GWOU Rl documents and procedures. .J 
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9. HEALTH AND SAFETY PLAN 

9.1 INTRODUCTION 

Accomplishment of this policy requires that operations for the ORNL GWOU investigation 
at ORNL be guided by an overall plan and consistent proactive approach to safety and health 
issues. All site activities related to the groundwater investigative effort shall be performed in 
accordance with all applicable DOE Orders, applicable Occupational Safety and Health 
Administration Standards 29 CFR 1910 and 1926, and applicable EPA requirements and 
consensus standards. 

9.2 PROPOSED PLAN 

An ER Programmatic H&S Plan, which will be comprehensive for all ER activities, is in 
the process of completion. This document will contain all the required elements of 29 CFR 
1910.120 for operating within a hazardous waste site and will be specific for the ER efforts at 
ORNL. A Site Specific Hazard Evaluation Addendum (SSHEA), which will be specific for the 
groundwater investigation effort, will be written to coincide with the ER Programmatic H&S 
Plan. The programmatic plan and the SSHEAs for the GWOU will implement the policies and 
establish criteria for the day-to-day investigation of the GWOU to prevent or minimize adverse 
impacts to the environment and site personnel. 

9.3 PLAN SCOPE 

This plan, and any addendum addressing safety and health, shall be available for on-site 
inspection and review by all subcontractors, Energy Systems, and DOE personnel and shall be 
easily accessible in the field for on-site personnel. During on-site activities, all personnel, 
including subcontractors and visitors, are expected to comply fully with the requirements of this 
plan and other DOE policies and procedures. 

It is understood that it may not be possible to determine actual working hazards in advance 
of the work. Therefore, the plan must allow the opportunity to provide a range of protection 
based on site history and actual working conditions that could be encountered during on-site 
activities. Site-specific information will be presented in SSHEAs to the extent possible. 
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10. WASTE MANAGE:MENT PLAN 

10.1 INTRODUCTION 

The main purpose of this Waste Management Plan (WMP) for the Characterization Plan for 
the ORNL Area-Wide Groundwater Program is to identify wastes that are expected to be 
generated in connection with the surface water and groundwater investigations and/or monitoring 
to be conducted within the GWOU. The WMP also identifies (1) the methods by which 
investigation-derived wastes (IDWs) are to be disposed of and (2) the organization, 
responsibilities, and administrative controls that will be followed to ensure that wastes are 
properly handled and meet applicable Waste Acceptance Criteria (W AC). 

10.2 GENERAL SITE INFORMATION 

The work will be performed within the ORNL GWOU, which is bound by Pine Ridge to the 
north, Clinch River to the west, Copper Ridge to the south, and Bearden Creek to the east. 

10.3 GENERAL PROJECT DESCRIPTION 

The purpose of this project is to fill gaps in data regarding (1) the conceptual model for the 
GWOU, (2) exit pathways through which contaminants may be migrating from source areas to 
the GWOU boundaries, and (3) the nature and extent of groundwater contamination within the 
GWOU. Activities that may be conducted to obtain the data include but may not be limited to: 

• installing monitoring devices at seep and/or spring locations; 
• sampling surface water at seep and/or spring locations; 
• installing new groundwater monitoring wells/piezometers and retrofitting existing wells with 

monitoring devices; 
.• sampling groundwater at new and existing monitoring wells; 

• drilling core holes and collecting rock and soil samples; 
• measuring groundwater depth at new and existing monitoring wells; and 
• sampling surface water at stream locations. 

10.4 ORGANIZATIONAL STRUCTURE AND RESPONSIBILITY 

Specific waste management responsibilities will be listed in Project WMP Checklists to be 
developed for each specific GWOU invesggation activi!y. The overall project will be 
accomplished with the joint resources of the following participants: 

• DOE; 
• Energy Systems [the Facility Manager (FM)]; 
• Ebasco Services, Inc. (the Architect-Engineer); 
• M-K Ferguson (the Construction Manager); and 
• the Service Contractor to the FM or Fixed Price Subcontractor to the Construction Manager. 

93-140P/082294 
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A brief summary of the participants' responsibilities and duties are presented below. 

10.4.1 DOE 

DOE will furnish overall program management and provide project support as required 
through the DOE/ORNL site office. Additionally, all coordination with EPA and TDEC will be 
the responsibility of the DOE. 

10.4.2 Energy Systems 

As the FM, Energy Systems is responsible for managing and operating ORNL under prime 
contract to the DOE. Waste management aspects of GWOU investigation activities will be 
conducted and supervised by the Waste Management and Remedial Action Division (WMRAD) 
of Energy Systems for the ORNL ER program. Various groups within Energy Systems have 
specific responsibilities related to waste management: 

• The Energy Systems ER Program will provide general oversight and will assume ultimate 
responsibility for Energy Systems. 

• Energy Systems Engineering will manage the project, prepare standard project 
documentation, incorporate data into as-built drawings, and prepare a Certified for 
Construction Package. 

• Energy Systems ESD will provide technical oversight. 

• Energy Systems Plant Support will provide health physics (HP), industrial hygiene (IH), 
and environmental compliance oversight as well as environmental compliance support. 

• Energy Systems WMRAD will provide FM support, a Generator Certification Official, and 
waste operations support. 

• The ORNL Groundwater Coordinator will coordinate resolution of groundwater issues and 
will provide data concerning groundwater monitoring. 

• The ORNL Surface Water Coordinator will coordinate resolution of surface water issues 
and will provide data concerning surface water monitoring. 

10.4.3 Ebasco Services,' Inc. 

Ebasco Services, Inc.. the Architect-Engineer, will provide (1) all project-specific 
engineering services except those specifically assigned to Energy Systems. (2) input for updating 
the as-built well database, and (3) specifications for the 'fixed price contracts. 

10.4.4 M-K Ferguson 

As the Construction Manager, M-K Ferguson will (1) develop project-specific Site H&S 
Plans and Comprehensive Work Plans, (2) purchase HP and IHequipment if required, (3) 
construct Temporary Staging and Steam Cleaning Areas, (4) create specifications for and 
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administer new construction contracts, and (5) be responsible for all segregation, packaging, 
labeling, and transportation of waste to Temporary Staging Areas. In addition to also providing 
overall HP and IH support coverage, a Site H&S Officer, and trailers and other required 
temporary equipment, M-K Ferguson will install the latter. 

10.4.5 Service Contractor or Fixed Price Subcontractors 

Field activities will be performed by Fixed Price Subcontractors such as Highland Drilling 
Company under an existing service contract with Energy Systems. Fixed Price Subcontractors 
will perform any field activities not assigned to M-K Ferguson or Energy Systems. In addition, 
the subcontractor(s) will provide all field personnel, construction equipment (drill rigs, pumps, 
sampling devices, etc.) and associated maintenance and will segregate, package, label" and 
transport wastes to Temporary Staging Areas as required. 

10.4.6 Generator Certification Official 

The Generator Certification Official must be an Energy Systems employee (unless the ORNL 
Laboratory Certification Official waives this requirement) who has successfully completed waste 
generator training for Solid Low Level Waste (SLLW), Satellite Accumulation Area training, the 
Generator Certification Official training module, 9O-day Accumulation Area training (required 
for only the generation of hazardous waste), 40-hour Occupational Safety and Health Act (OSHA) 
training, and Radiation Worker training. The Generator Certification Official's specific 
responsibilities include: 

• interfacing among GWOU projects, the ORNL Laboratory Certification Official, and the 
ORNL Waste Management Organization to address generator problems and waste 
certification requirements; 

• initiating and. completing the Generator Certification Official section of the form used to' 
replace UCN-2822, "Request for Storage or Disposal of Radioactive Solid Waste or Special 
Materials" (Beginning on September 13, 1993, a uniform set of request-for-disposal forms 
will be used at all three of the ORR sites; identification numbers for these forms may be 
obtained through Waste Management Operations.); 

• certifying by signature that the waste was packaged in accordance with the ORNL WAC and 
the ORNL SLLW certification program plan; 

• ensuring that each containerized waste item is identified with a properly completed Waste 
Item Description form and bar code label and verifying that the container is sealed, is 
labeled, and meets all applicable criteria for transfer to Waste Management; 

• certifying that the information on the Container Packing List [TX-5749 V1.0 (Document 
Management Center-CP)] (Fig. 10.1) is complete and accurate and that the waste was 
packaged by personnel with appropriate training; 

• ensuring that the generation of wastes follows a documented, Waste Management-approved 
certification program; 

93-140P/082294 
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CONTAINER PACKING LIST 
CONTAINER IDENTIFICATION I Cl. CaDlaiDer m. No. I c. CoDtaIIIer Type I Cl·1IoIdiaa SIIe 101• IIaIdiDi FIIdIIIJ I cs. HaIdiq a-/Ara 

CONTAINER PACKING LIST 

tlDlV:;~i(f~im;;N==;i~i:!:i?;I:C~W~t'l=:Bi;N~·.·} ~~i:~nbw~i~mNUlri&j;~j, ;;;;:litiW~:.·I~·;IDNiiih.if;j1 

HANDLING INFORMATION 

Type 

mGNATURES and APPKOVALS 
Sadp Date I:::::--mm I: 1::1I: .. T- 1- 1-

TX.S/" VIA IDMC.cJII Fig. 10.1 Container Packing List form (TX-S749 V1.0) 
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• periodically inspecting or auditing waste-generating and waste-managing activities to ensure 
that they meet the requirements of an approved certification program; 

• ensuring that the Waste Pickup Request Form [TX-5753 Vl.O (Document Management 
Center-CP)] (Fig. 10.2) is completed properly and that Form UCN-1911. "Environmental 
Restoration Waste Management Program Total Generated Waste" (Fig. 10.3), is completed 
weekly; 

• reviewing and approving nonconformance reports and trends, log-in sheets, training records, 
all project-specific WMPs and WMP checklists, and facility-specific procedures for the 
proper packaging and handling of SLLW; 

• ensuring that SLLW is properly classified, adequately characterized, and packaged in 
accordance with project-specific WMP criteria and applicable waste acceptance criteria; and 

• making arrangements or having his/her designee make arrangements with Waste 
Management Operations for retrieval and transfer of waste packages to the designated 
storage or treatment facility. 

10.4.7 Laboratory Certification Omcial 

The Laboratory Certification Official. implements and manages the ORNL SLLW 
Certification Program. The Laboratory Certification Official's specific responsibilities include 
reviewing and approving project-specific WMPs and WMP checklists and approving all other 
applicable plans pertaining to the generation of transuranic wastes. 

10.4.8 Generator-Packager 

The generator-packager is the responsible Energy Systems organization, prime contractor; 
subcontractor, or person(s) that is physically generating the waste. The generator-packager's 
specific responsibilities include: 

• properly containerizing, packaging, and segregating all waste generated as part of any 
specific project for the GWOU; 

• completing and signing box SI on the new Waste Item Description Form, UCN-2109 
(Fig. 10.4); 

• completing new equivalent of UCN-13698 if hazardous waste is generated (Beginning on 
September 13, 1993, a uniform set of request-for-disposal forms will be used at all three 
ORR sites; identification numbers for these forms may be obtained through Waste 
Management Operations.); 

• minimizing SLLW production; 

• successfully completing current ORNL SLLW generator training and facility-specific training 
prior to generating SLLW; 
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WASTE PICKUP REQUEST r 
~..,.~. 

Pl. Req'IItIt NIIIDIIer In. Requestor',.N.- (prtId) IPl .... No. I N. Requestor" ...... No. 

PS. Requat DIlle I Pf. Pkbp SIte I Fl. PkIaIp'''-' I PI. PIdnIp R.-IAia P9.U....,. 

DRauliaeDVr&eaI 
PIO. COIIIIDCIIU Dcrilical 

P1cKUPL 
' .... U:·::::;.·;"·,;:,:N. W···'>'>"""·';""'~·;;;;;;;;"'~f"J;"~1\tt;m .~11.~_~~_miWW1! 

'"' .. , ... ,: ... :.:,:,:,:.:":,:.:-:;~~::r."" .. , 

mGNATUREandAPPROVALS 

l==--·l: l:ll: . I: I: I 
Fig. 10.2. Waste Pickup Request fonn (TX-S7S3 Vl.0) 

TI-57S3 VI .. CDMC.QII 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

10-7 

ENVIRONMENTAL RESTORATION WASTE MANAGEMENT PROGRAM 
TOTAL GENERATED WASTE 

CONT AINER ID NOS. 

CDNTAINER TYPf 1 WASTE GENERATION DATE _I 
o K·25 o ORNL D y·a o PADUCAH o PORTSMOUTH o OFF·SITE 

ACTIVITY 

RA: D PAISI D RIIFS·I o RIIFS·II D RDIRA 
SURVEILLANCE & 

0&0:0 PHASE 10 PHASE II 0 PHASE III 0 MAINTENANCE 

POJECT NUMBER ~JECTNAME 

VOLUME AND WEIGHT 

SOLID; cu. ft. I WEIGHT: It.. I U(l~~: g=l WEIGHT: Ibs. 

WASTE MATERIAL TYPE ICbooP only onel 

SOLID: . D SOIL LIQUID: 0 DECON SOLUTION 
e.g., decontamination and 

e.g., axcavatad eoil cleaning liquids 

D DEBRIS 
e.II., wood. roo ling meterial, 

DWELL DEVELOPIPURGE e.g •• well sampling liquids con.truction spoil, concrete, gle.s 

D SLUDGE 
e.g., senling basin, tank, pipeline. o GROUND/ 

e.g., cont&mlnatea grouna· 

equipment cleaning SURFACE WATER 
water, .eeps, rainwater 
run-off 

D SEDIMENT 
e.g., contaminated environmental o SOLVENTS/OILS 

e.g •• Claening lIuids, lube 
media from streamsllakes oils. degreasers. dieselluel 

D PPEITRASH 
lI.g .. paper, shoe ecuffs, Tyvek o OTHER AQUEOUS lI.g., acids. process solutions 
suits. respirlltors, wipes 

D ASBESTOS e.g .. Transitll, imulation o CLASSIFIED LIQUIDS 

D METAL 
e.g •• shilliding, ductwork, structural, o MISC. OTHER SPECIFY drums 

D METAL EQUIPMENT lI.g .. translormllrs, capacitor. 

D CLASSIFIED SOUDS 

D MISC. OTHER SPECIFY 

WASTE CATEGORIES 

D LLW D TRU 0 LLWITSCA 0 TRU/RCRA 0 FREE· Hg 

o RCRA D SANITARY 0 LLWIRCRAITSCA 0 TRUITSCA 0 SPECIAL NUCLEAR 

o TSCA '0 0 0 MATERIAL 
LLWIRCRA RCRAITSCA TRUILLW 

CHEMICAL CONTAMINANTS 'ellknownl 

1. CONTAMINANT CONCENTAI'TIQN/IINrrS o Proces. Knowledgll Documllnt No. o Lab Analysis Document No. 

2, CONTAMINANT COHeENTAI'TION/IINITS o Proce .. Knowledlla Documant No. 
o Lab Analysis Document No. 

l CONTAMINANT CONCENTAI'TIOHlUHIT$ . [] Proce •• Knowledge '"'Document No. 

o Lab Analysis Document No. 

4. CONTAMINANT COHCENTAI'TIOHIUNIT$ o Proc ... Knowledge Oocument No. o Lab Analysis Oocument No. 

6. CONTAMINANT CONC£NTAI'TIONIUNITS o Proces. Knowledge Document No. 
o Lab Analyail Document No. 

FOAM COMPUTED BY 1_ BADOE NUMBEII IDATE __ 1 

UCN·11811 Fig. 10.3. Environmental Restoration Waste Management Program Total Generated Waste fOnD 

(UCN-19ll). 
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WASTE ITEM DESCRIPTION 
WASTE ITEM IDENTIFICATION L I 

16. Cbarre NIIIDberIWO 

Ill. IbdJoICIIica1 Anaf 
DYes ONe 

(Resened) 

CONTAINER INFORMA nON (lor ) If more tban ODe attach Waste Container List (UCN-ZI09A) 

Ic" COIWIiDer m. No. Ic::z' ~Type ,0. HIIkIiIII Site JOt. Holdlq,Fadlly ICS' Holdiac a-tArea 

WASTE CATEGORY 
WI. Process Strum m I W2. Process CatelOl'Y I WJ. Proceu Ac:tlritJ WI. Willile Cateaory (Cbeck aU) 

y"" Nn y"", No 
W4. Physical Form I WS. Mattrial Type I Wi. AWA No. ChcmiW Biologiw 

Radioactive Aeeountable 
W7. WIIIilt Dacriptioo AsbeslDs Carcinogen 

SIDIlnd COlllpKtibie 
Const. Debris Rcc:yc:lable 
Mcdic:aI Classified 

CHEMICAL WASTE 
MI. aCRAl I Ml. RCRA 9O-day S&art Dale I M3. PCB! I M4. PCB scan Date I MS. PCB Caac. (PPM) 

o Yes 0 No 0 Yes 0 No 

Mi. DttermiDation Metbocl 1M7· Dttm:o.inalioo Doc:umaIt Number(.) I M8. Flash 1'I.·1M9· pH 
(Cheek ONE) 0 Analysis • . . 

O 
"--.. 1 .... • 0 hM~I;;;O:-;. EP ..... A:1WiiTast=';::C::: .. :;:;:N;::_=ben::::::----------------.J'-----...L..-----I 

Process ........ w ""lIe Rererence 

··~ •• ·.)Mll·~·.SUb5t8nce •. ID·':TI:;MU>VOl·$~f., 
,.:" .. 1Ir .. :,_ 

RADIOACTIVE WASTE 
al. RAD Calqory (Check ONE) 

o TRU 0 High-Level 0 Low-Level 0 Special 0 VLA I R2. RAn Handline Type I Rl. UCN WI No. 

o Contact 0 Remote 
a4. DelermiDation MetbocI I RS. DelermiDatioD DoI:ument Number(I) 

(Check ONE) 0 Analysis 
~~==.~~--------.---------------------------~ o Process Knowledge 0 Referenc:e Ri. Chl!lllil:al Form . fR_ned) 

• ·.; •• 1:?,.topea·.·RJi~iF.St:··(jfI'RJ:~·~f:;:RT# . lWEU.:;QtYlfR9rUJiifsI.·····R7~lSOtOpeilR8~ESt~·QtyI\R9~.Unit.si • 

i_~h 

l/OI.21e11 {3 ..,31 

Fig. 10.4. Waste Item Description fonn (UCN-2109). 
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WASTE lTEL\1 CONTINUATION 
(Continuation Page _2 of....L> 

Sequeace Referenced from WID (UCN-2109) Number 

1 11. Waste Item ID Number. I Cl. ComalDer ID. No •. 
I 

CHEMICAL WASTE 

MiiASUbstaDcJri){'l:Mii~V6lV6.::I:':/::::t"'::'::"'.",::,,:::%:MdrS~DRN.mtC:( 

< ' 

RADIOACTIVE WASTE 
K7LlSotope)tRs.;m~qtillt9ilJntiIJlVnotOpe'lU1~:F.atW'QtjtR9.uiiit5!?R7.':l5OtopefR8~&t~QtyIR9tUiiitS' 

TX57UA VI.O CDMC-CI'I 
Fig. 10.4. (continued) 
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• interfacing with the Generator Certification Official to ensure that any issues regarding 
SLLW characterization are promptly brought to the attention of the responsible individuals 
and that any new certification requirements or procedures are promptly instituted; 

• providing as much data as possible for certification of SLLW and documenting the data on 
the required forms; and 

• assisting the Generator Certification Official with the preparation of the new Waste Pickup 
Request and the Container Packing List. 

10.5 WASTE GENERATION 

10.5.1 Waste-Generating Activities 

Types of waste that may be generated during the GWOU investigations include but are not 
limited to: development and purge water, soil cuttings, decontamination solutions, contaminated 
personal protective equipment (PPE) , and miscellaneous contaminated and noncontaminated 
refuse. 

During well installation and all other intrusive activities, HP personnel will use portable 
alpha and beta/gamma detectors to monitor for radioactivity in the material and samples removed. 
IH personnel will use portable ionization detectors to monitor for volatile organics in the material 
and samples removed. If screening indicates the presence of radioactive or volatile organics 
contamination above Category 2 limits as defined in Health, Safety, and Environmental Protection 
Procedure for Excavating Operations (ORNLlM-1161R1), or if previous analyses indicate the 
presence of RCRA materials, the waste generator shall ensure that appropriate analyses are 
performed on the generated waste. 

The waste generators shall ensure the integrity of waste samples by foilowing the 
chain-of-custody procedure described in Test Methods for Evaluating Solid Waste (EPA SW-846) 
(EPA 1986). This procedure includes the steps necessary to trace possession and handling of 
samples from the time of collection through analysis and final disposition. 

Whenever possible, soil cuttings and/or rock material will be backfilled into drilled core 
holes if the cuttings and material are demonstrated to not pose a breathing or external radiation 
hazard. Any contaminated spoils excavated or generated during GWOU project-specific activities 
will be maintained in waste consolidation areas that are lined and covered with polyvinyl sheeting 
until disposal can be arranged. Contamination control will be maintained as defined in 
project-specific H&S plans for GWOU activities. 

10.5.2 . Possible Wastes Generated 

Table 10.1 summarizes types of wastes that may be generated during GWOU project-specific 
activities: noncontaminated, hazardous, mixed, low-level, TRU, and very low activity (VLA) 
solid wastes, and noncontaminated, process, nonradiological, and LLLW. Types of waste 
expected to be generated during the investigations may be further defined within project-specific 
WMPs developed for each activity. 

93-140P/082294 
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Table 10.1. Categories of solid and liquid wastes that may be generated 
during implementation of GWOU projec:t-specific adivities 

Waste categories 

Nonoontaminated 

Hazardous 

Mixed 

Low level 

TRU 

Noncontaminated 

Process 

Nomadiological 

Low level 

93-140P/082294 

Components 

Solid 

Noncontaminated soil, rock, concrete, wood, cardboard, metal (e.g., 
rebar, wire fence, steel scrap), and garbage refuse placed in a dumpster 
(e.g., metal bands, plastics, paper products, silt, fence, wire scraps, 
conduit scraps, glass, and personal protective equipment) 

Nonradioactive but hazardous asbestos materials; and nonradioactive but 
hazardous RCRA materials 

VLA, hazardous asbestos materials; VLA, hazardous RCRA materials; 
radioactive, hazardous asbestos-contaminated materials; and radioactive, 
hazardous ReRA materials 

VLA, nonhazardous materials; radioactive, nonhazardous waste 
(> 200 mRlbr); radioactive, nonhazardous, noncompactible waste 
( < 10 mRlbr); radioactive, nonhazardous, noncompactible waste 
(> 10, <200 mRlbr); radioactive, nonhazardous, compactible bard waste 
( < 10 mRlbr); radioactive, nonhazardous, compactible bard waste 
(> 10, <200 mRIbr); radioactive, nonhazardous, compactible soft waste 
« 10 mRlbr); radioactive, nonhazardous, compactible soft waste 
(> 10, <200 mRIbr) 

Radioactive, TRU-contaminated, nonhazardous waste; and radioactive, 
TRU-contaminated, hazardous waste 

Uquid 
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10.6 WASTE PACKAGING AND HANDLING 

10.6.1 Generating 

DOE and Energy Systems control programs that govern engineering, construction, and waste 
disposal activities will be implemented for all GWOU project-specific activities to ensure 
compliance with applicable state and federal regulatory r~quirements (including RCRA, 
CERCLA, SARA, OSHA, and Department of Transportation regulations) for handling and 
controlling of radioactive and hazardous wastes. The control programs include sampling and 
analysis, waste certification, hazardous-waste and radiation worker training, environmental 
compliance, quality assurance, environmental health and safety, health physics, and configuration 
management. 

10.6.2 Segregating 

HP personnel will use portable alpha and beta/gamma detectors to monitor for radioactivity 
in material and/or samples removed during field activities. IH personnel will use portable 
ionization detectors to monitor for volatile organics in material and/or samples removed during 
these activities. The results of this monitoring in combination with process knowledge and data 
generated from GWOU project-specific activity samples will be used to properly segregate all 
waste and determine the need for a Satellite or 90-day Accumulation Area. 

10.6.3 Packaging and, Handling 

Wastes will be packaged under the guidance of the Generator Certification Official. The 
individual signing as waste generator shall be present during all waste packaging activities. 
SLLW will be packaged to comply with the WAC established for the GWOU project-specific 
activity being performed. For any SLLW or VLA waste, the Generator Certification Official and 
the generator shall complete the Waste Item Description form (UCN-2109), Container Packing 
List (TX-5749 Vl.O), and the Waste Pickup Request (TX-5753 Vl.O). The Generator 
Certification Official shall ensure that HP Form UCN-2785, "Radiation Tag," and a bar code 
label are attached to the waste container and shall request retrieval of the package after acceptance 
by Radioactive Solid Waste Operations. 

Bar codes for noncompactible waste items shall be centered on the longest side of the waste 
item or on the side that has the greatest surface area, excluding the bottom. If a waste item is 
so small or uneven that the required bar code cannot be satisfactorily affixed after packaging, the 
bar code shall be affixed to a tag and the tag durably attached to the waste item. The tag must 
be attached such that it will not become dislodged or detached during normal handling, 
transportation, storage, and disposal operations. For remote-handled waste items (having surface 
dose rates greater than 1 R/hr), the bar code shall be supplied with but not permanently attached. 
to the waste package documentation. The waste item bar code for compactible waste items shall 
be placed on the lower-most right hand corner of the outer (second) clear polyethylene 
compactible waste bag. 

Categories 1 and 2 soil (defined in ORNL/M-116/Rl) will be stockpiled at a temporary 
storage area for reuse (soil with activity at background levels may be sent to the Y-12 Recontour 
Site). Soil or material that is stockpiled for reuse or relocation will be placed in a diked area 
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lined with polyvinyl sheeting, and covered with this type sheeting. All waste soil will be handled 
according to ORNLIM-1l61R1 unless the soil is deemed to be IDW. . 

Waste generated from environmental monitoring activItIes associated with the GWOU 
investigations may be considered to be lOW and may be handled according to the Management 
of Investigation-Derived Waste During Site Investigations (EPA/54O/G-911009). The IDW
management strategy is aimed at minimizing waste, particularly in areas of minimal 
contamination. The general options for managing lOW are collection and either immediate 
disposal or some type of interim management. Interim management may include storage or other 
temporary measures. 

Waste liquids will be collected in 55-gal drums or tanks, which will be monitored for 
radioactivity, volatile organics, and pH. If a representative sample of the liquid waste has not 
been characterized, the generator will ensure that appropriate analyses (required by the' ORNL 
Liquid Waste Treatment Systems WAC, WM-WMCO-201) are performed. Following analysis, 
the liquid waste will be released on site, or Waste Management Operations will transfer the liquid 
to a tanker truck and transport it to the Non-Radiological Wastewater Treatment Plant (NRWTP) 
or the PWTP. If any liquid waste meets ReRA criteria (as defined in 40 CFR 260 series), a 
Satellite or 9O-day Accumulation Area will be established until control of the liquid is transferred 
to the Hazardous Waste Operations Group or the Liquid and Gaseous Waste Operations Group 
(the NRWTP and PWTP can accept low concentrations of some RCRA liquids as specified by 
WM-WMCO-201). 

Following revision of the current National Pollutant Discharge Elimination System (NPDES) 
permit, regulations may permit disposal of noncontaminated purge water in nearby streams or 
water bodies. This option will be considered only following approval of the new NPDES permit. 
In addition, release criteria, release location, and permitting requirements will be evaluated 
following approval. 

10.6.4 Equipment Decontamination 

All drill rigs, nondedicated pumps, tools, and related sampling devices and equipment will 
be screened for radioactive contamination and volatile organics. Contaminated equipment and 
devices will be decontaminated as directed in project-specific H&S plans for GWOU activities. 
All personnel will be required to read and sign the Criteria for the Well Drilling Steam Cleaning 
Area at ORNL before using this area for decontamination of equipment and devices. No 
contaminated equipment will be allowed in the steam cleaning area. 

10.7 WASTE MINIMIZATION 

All efforts will be made to minimize waste generation during the implementation of GWOU 
project-specific activities. At a minimum, the following actions will be taken. 

• Site delivery of materials for well/piezometer installation activities will be properly planned 
and executed to minimize the delivery of excess materials. 
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• As little water as possible will be used in decontamination operations. Whenever possible, 
water will be processed by the NRWI'P or the PWI'P, or released on site, instead of being 
disposed of in the LLLW System. 

• Subcontractors will be required to remove all excess delivered materials from work sites. 

• All generated wastes will be segregated to minimize the disposal of nonrecyclable, 
noncontaminated, and nonhazardous wastes. 

• As appropriate, the IDW strategy will be implemented. 

10.8 CONTROL PROGRAMS 

10.8.1 lIP/IH Surveys 

HP and IH personnel will perform surveillances during GWOU project-specific activities to 
identify radioactive and volatile organic contamination. The Generator Certification Official, as 
designated by WMRAD, will be responsible for determining whether additional testing or 
sampling is required by Energy Systems. Excavated materials that cannot be placed either back 
into the boring from which they were generated or in the area of concern will be containerized 
or stockpiled. Excavated materials will be properly handled and stockpiled on polyvinyl sheeting 
in temporary storage areas to prevent the spread or loss of any material containing radioactive 
or organic contamination. 

10.8.2 Controls 

HP personnel will monitor field activities to ensure that wastes are handled in a manner that 
will prevent the spreading, mixing, or loss of any solid or liquid waste suspected of containing 
organic or radioactive contamination. IH personnel will monitor wastes for volatile organics. 

10.8.3 Personnel Exposure Control 

HP and IH personnel will perform surveillances during GWOU project-specific activities to 
identify radioactive contamination and organic vapors. If radioactively contaminated areas are 
encountered during the field activities, standard radiation protection measures defined in the 
project-specific H&S plan for GWOU investigations will be followed to ensure worker safety. 
Work exposure times and other conditions will be established by the Health Physicist in charge. 
The Construction Manager will ensure that worker exposure is as low as reasonably achievable 
during all work in contaminated or radiological areas. 

10.8.4 Training 

Personnel involved in on-site activities will be required to have training and pre-employment 
medical assessments as required in the project-specific H&S plan for the GWOD activity being 
performed. These personnel must also participate in the Hazardous Waste Operations Group 
Medical Surveillance Program and will be required to have hazardous-waste and radiation worker 
training. Personnel responsible for completing and signing waste tracking and disposal forms will 
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be required to have 4O-h SARA/OSHA and SLLW generator training, and must be present during 
waste packaging. All individuals packaging SLLW will be required to have SLLW generator 
training. The Generator Certification Official and the generator will be required to have the 
training described in Sects. 10.4.6 and 10.4.8, respectively, of this WMP. If hazardous waste 
is encountered, the generator must also have Waste Generator Training for Satellite and/or 9O-day 
Accumulation Areas. Personnel engaged in excavation operations shall be trained in accordance 
with the requirements defined in ORNLIM-1l61R1. 

10.8.5 QA Requirements 

As the PM. Energy Systems will track participant activities and consolidate records and 
reports to ensure that GWOU project-specific QA activities are performed and that required 
documentation is completed. Surveillances will be conducted as defined in the GWOU QAPjP. 

10.8.6 Spill Control 

If any spill of liquid waste occurs, the first responder will use a spill-control kit to contain 
it. Other requirements and procedures regarding the control of liquid-waste spills will be defined 
in project-specific WMPs developed for the GWOU activities. 

10.9 TEMPORARY STORAGE OF WASTE 

Polyvinyl sheeting will be used to isolate radioactively contaminated soil and solid material 
from the environment until the soil and material are properly packaged for disposal. Potentially 
contaminated wastewater will be placed in drums and staged at the work site in the temporary 
storage area until analytical results are available. When characterization is complete, waste water 
will be transported to the NRWTP or the PWTP or will be released on site. Waste water that 
does not meet the requirements ofWM-WMCO-201 may also be stored by the Hazardous Waste 
Operations Group. 
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11. DATA MANAGEMENT PLAN 

11.1 INTRODUCTION 

Because the DOE ORR is on EPA's National Priorities List, Energy Systems ER Program 
staff must abide by the regulatory requirements of CERCLA in performing work during the 
characterization of ORR sites. They must also comply with data-management and data-access 
requirements for environmental data as specified in the FF A and the Tennessee Oversight 
Agreement. During site and remedial investigations performed under CERCLA, Energy Systems 
or its subcontractors collect environmental samples, have the samples analyzed at analytical 
laboratories, and receive the resulting data. These data are used to evaluate whether the site 
under study is contaminated and, if so, to determine the nature and extent of contamination and 
to evaluate whether the contamination poses a threat to human health and the environment. The 
data must support any subsequent remedial selection decisions and will be an essential element 
in legal or cost-recovery actions. 

To meet current regulations, the ERP must maintain a complete, traceable flow of 
information that is easily accessed. To fulfill the requirements of the FFA and Tennessee 
Oversight Agreement, DOE-ORO assigned Energy Systems the task of implementing a centralized 
data base, the Oak Ridge Environmental Information System (ORElS) (ES/ERrrM-391RI) 
(Energy Systems 1993b), to consolidate all environmental data collected on the ORR. In 
addition, the ER Program staff maintain their own project data bases that have data structures 
compatible to those of OREIS. The project-specific data are copied and transferred to central 
OREIS after final data validation. Only electronic information that is required by the regulators 
and that meets central OREIS standards will be transferred. 

11.2 PURPOSE AND GOAL 

The primary purpose of data management is to support the environmental restoration and 
monitoring process by providing a system for generating technically and legally defensible data. 
To meet current regulatory requirements for environmental restoration, a complete audit trail of 
the information flow must be established. Each step in the data management process (planning, 
collection, handling and control, analysis, and storage) must be adequately planned, executed, 
and documented. To achieve these goals, qualified professional personnel must work together as 
a data management team. The primary goals of the data management team are to: 

• provide data that will support environmental remediation decision-making and planning; 

• ensure the accessibility of environmental data for regulatory ... reports, environmental 
analyses, risk assessments, and other environmental needs; 

• provide data that are complete, consistent, and fully qualified; 

• facilitate the efficient access, reporting, analysis, display, and export of the data; 
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• minimize the uncertainties associated with the data, data products, and interpretation of 
results; and 

• ensure that data are adequately documented with descriptive information (metadata) to 
ensure the technical defensibility and legal admissibility of the data. 

11.3 SCOPE 

This data management plan (DMP) is targeted at the project level and describes activities 
to be performed for all remediation projects. This plan presents a four-phase,multi-step process 
model developed to achieve the outlined goals (Fig. 11.1). The plan describes a comprehensive 
methodology for acquiring and managing environmental data from the planning stage through 
presentation of data in reports, tables, maps, and graphs to final storage and archival. It expands 
the traditional concept of data management and integrates into the process model all activities 
relevant to ensuring technically sound and legally defensible data. This methodology requires 
that the following components be integrated: 

1. The direction and approach of Data Monagement Plan for the Environmental 
Restoration Division, ESIERlTM-88 Draft (Energy Systems 1993c) as established by 
the ER Program. This high level document provides the basis of data management for 
all ER projects. 

2. A team of data management professionals consIstmg of program and project 
managers, statisticians, data managers, data-base administrators, data coordinators, 
programmer analysts, data-entry clerks, validators. QA specialists. spatial analysts. and 
records managers. The functional requirements of team members are defined in 
Sect. 11.4. 

3. The steps in the process model (Fig. 11.1) for planning, field preparation and 
sampling, data verification and validation, and data analysis and presentation. These 
steps are described in Sects. 11.5.1. 11.5.2, 11.5.3, and 11.5.4. 

4. A set of written data management, validation, and analysis procedures. The steps 
and procedures are presented in Table 11.1 and correlate to the procedures in the ER 
Program data management plan. 

5. A standardized data base structure to manage project characterization information. 
This structure should interface with the centralized data repository. DREIS. 

11.4 FUNCTIONAL RESPONSmILITIES 

The functional responsibilities of project staff members are described below; the 
responsibilities are identified by titles but are not individual staff positions. 
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Phase I 

PLANNING 

• Acquisition of Currently Available 
Relevant Data 

• Document Maintenance 

• Plarming Data Management 
Activities 

Phase 4 

DATA ANALYSIS AND PRESENTATION 

• Data Consolidation & Storage 

• Data AnaJysis 

• Spatial Analysis and Mapping 

• Data Presentation 

• Data and Documentation Archival 

--
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---

~ 
DATA 
BASE 

~ 

... 

PluJse2 

FlEW PREPARATION AND SAMPUNG 

• Analytical Laboratory Interrace 

• Populating the Site Project Data Base 
with Sampling & AnaJysis Plan Data 

• Collection of Field Data 

• Data Entry of Field Information 

~ 

PluJse 3 

DATA VERIFICATION AND VAliDATION 

• Confirmation of Receipt of Samples 
by the Analytical Laboratory 

• Receipt and Preliminary ProceSsing 
of Hard-Copy Data Deliverables 
from the AnaJytical Laboratory 

• Receipt and Preliminary Processing 
of Electronic Data Deliverables from 
the AnaJytical Laboratory 

• Data Validation 

Fig. 11.1. Data management process model. 
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Table 11.1 Mapping of data management activities to proposed set of data management 
. procedures and suggested interim guidance documents 

Data management activities 

Step I: Acquisition of currently 
available relevant data 

Step 2: Document maintenance 

Step 3: Project planning 

DMP 
section 

11.5.1 

11.5.1 

11.5.1 

Step 4: Analytical laboratory interface 11.5.2 

93-140/081594 

Data management procedure 
interim guidance 

Identification and Acquisition of 
Cun:ently Available Relevant Data and 
Documents 

Status 

Proposed 

Description and Assessment of Historical Proposed 
Data 

Data Entry and Verification of Proposed 
Environmental Data 

Receiving. Processing, and Maintaining Available 
Environmental Restoration Program 
Records ERfC-Pl110 

Document Classification of ER Program Proposed 
Records 

Identifying and Acquiring Documents for Proposed 
ER Project Files 

Document Indexing Scheme Proposed 

EPA 1990b Available 

Description and Assessment of Historical Proposed 
Data 

Development of Data Quality Objectives Available 
ER/C-P2305 

Development of ER Program Standard Proposed 
Forms 

Environmental Restoration Quality Available 
Program Plan ESIERrrM-4/R3° 

EPA 1980 Available 

Procurement of Analytical Services Available 
ERIK-I2001 

Manual Chain-of-Custody Procedures Available 
:"ESP-:500 

Field Data Inventory and Validation . Available 
ER/CR-50P2020/RO (lAD) 

Comprehensive Data Validation for the Available 
Waste Area Grouping 2 Project 
ER-WAG2-S0P-2009/R0 

I 
I 
I 
I 
I 
I 
I 
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I 
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I 
I 
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I Table 11.1 (continued) 

I 
DMP Data management procedure 

Data management activities section interim guidance Status 

Reporting CR-ERP Occurrences, Available 

I Nonconfonnances, and Corrective 
Actions ER/CR-SOPI0211R0 

Analytical Data Validation Available 

I ERlCR-SOPl020/RI 

Analytical Data Package Inventory Available 

I 
ER/CR-SOPI0191R0 

Environmental Restoration Quality Available 
Program Plan ESIERffM-41R3Q 

I EPA 1980 Available 

Step 5: Populating the project data 11.5.2 Data Entry and Verification of Proposed 

I 
base with sampling and analysis plan Environmental Data 
data 

Development of ER Program Standard Proposed 

I 
Forms 

Completion of Field Sampling Logbooks Available 
ER/K-Il603 

I Identifying and Acquiring Documents for Proposed 
ER Project Files 

I Document Indexing Scheme Proposed 

Control of Nonconformances Available 
ESS-QA-15.0 

I Nonconformance Repon Form Available 
Instructions ES1.15.1 

I Preparation of a Nonconformance Repon Available 
ES1.15.2 

Corrective Action ESS-QA-16.0 Available 

I Root Canse Analysis ESP. 16.2 . Available 

.EPA 1980 Available 

I Step 6: Collection of field data 11.5.2 Receiving, Processing, and Maintaining Available 
ER Program Records ER C/P-l110 

I Development of ER Program Standard Proposed 
Forms 

Completion of Field Sampling Logbooks Available 

I ERIK-I1603 

Chain of Custody ERIK-I1600 Available 

I 93-140/081594 



I 

11-6 
I 

Table 11.1 (continued) I 
DMP Data management procedure I Data management activities section interim guidance Status 

Identifying and Acquiring Documents for Proposed 

I ER Project Files 

Control of Nonconformances ' Available 
ESS-QA-15.0 

I Preparation of a Nonconformance Report Available 
ES1.15.2 

Policy Standards and Procedures Manual, Available I Energy Systems ESS-ENV.l 

EPA 1980 Available 

I EPA 1987b Available 

Step 7: Data entry of field 11.5.2 Receiving, Processing, and Maintaining Available 

I information ER Program Records ER CIP-III0 

Handling and Control of Sampling Available 
Documentation ER/K-I1607 

I Field Data Validation ERIK-I1604 Available 

Document Indexing Scheme Proposed 

I Step 8: Confirmation of receipt of 11.5.3 Procurement of Analytical Services Available 
samples by the analytical laboratory ER/K-I2001 

Completion of Field Sampling Logbooks Available I ER/K-11603 

, Chain of Custody ER K/I-1600 Available 

I Handling and Control of Sampling Available 
Documentation ER/K-I1607 

Control of Nonconformances Available I ESS-QA-15.0 

Preparation of a Nonconformance Report Available 

I ESS.15.2 

Environmental Restoration Quality Available 
, 'Program Plan ESIERffM-4fR3D 

" I Policy Standards and Procedures Manual, Available 
Energy Systems ESS-ENV.l 

EPA 1980 Available I 
Step 9: Receipt and preliminary 11.5.3 Data Entry and Verification of Proposed 
processing of hard-copy data Environmental Data I deliverables from the analytical 
laboratory 
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I Table 11.1 (continued) 

I 
DMP Data management procedure 

Data management activities . section interim guidance Status 

Field Data Validation ERIK-I1604 Available 

I ~ytiaU Data Verification Available 
ERIK-I1602 

I Nonconformance Reports for Analytical Proposed 
Data Packages 

I 
Evaluation of Field and Analytical Data Available 
ERIK-I2004 

Analytical Data Validation ER/K-I1606 Available 

I Control of Nonconformances Available 
ESS-QA-15.0 

I 
Preparation of a Nonconformance Report Available 
ES1.15.2 

Policy Standards and Procedures Manual, Available 

I 
Energy Systems ESS-ENV.l 

EPA 1980 Available 

I 
EPA 1987a Available 

Step 10: Receipt and preliminary 11.5.3 Analytical Data Verification Available 
processing of electronic data ERlK-I1602 

I 
deliverables from the analytical 
laboratory ANSIIASME 1989 

Nonconformance Reports for Analytical Proposed 

I Data Packages 

Evaluation of Field and Analytical Data Available 
ER/K-I2004 

I I 

AnalytiaU Data Validation ERIK-I1606 Available 

Control of Nonconformances Available 

I ESS-QA-15.0 

Preparation of a Nonconformance Report Available 
. ESI.15.2 

I Policy and Standards Manual, Energy Available 
Systems ESS-ENV.l 

I EPA 1980 Available 

EPA 1987a Available "-

I EPA 1990a 

I 93-140/081S94 



-I 

11·8 
I 

Table 11.1 (continued) I 
DMP. Data management procedure I Data management activities section interim guidance StatuS 

Step 11: Data validation 11.5.3 Data Entry and Verification of Proposed 
Environmental Data I 
Comprehensive Data Validation for the Available 
WAG 2 Project ER-WAG2-S0P-20091R0 

I Field Data Validation ERIK-I1604 Available 

Analytical Data Verification ER/K-U602 Available 

NonconfoIIDa.llCe Reports for Analytical Proposed I 
Data Packages 

Evaluation of Field and Analytical Data Available I ER/K-12004 

Standardization of Spatial Data Draft 
ESIERffM-56 I 
Analytical Data Validation ERIK-Il606 Available 

EPA 1980 Available I EPA 1987a Available 

EPA 1988a I 
EPA 1988b 

Step 12: Data consolidation and 11.5.4 Receiving, Processing. and Maintaining Available I storage ER Program Records ER/C-Pl110 

Identifying and Acquiring Documents for Proposed I ER Project Files 

ADP Security Handbook Available 

Technical Software Configuration Available I Management (TSCM) Handbook 

Operating Security (OPSEC) Plan Available I Step 13: Data analysis 11.5.4 Field Data Validation ERlK-I1604 Available 

- Analytical-Dam "VerificationERlK41602 Available I Evaluation of Field and Analytical Data Available 
ERIK-I2004 

Analytical Data Validation ERIK-11606 Available I 
Enviromnental Restoration Quality Available 
Program Plan ESIERIEM-4/R3" I 
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Table 11.1 (continued) 

DMP 
Data management activities section 

Step 14: Spatial analysis and mapping 11.5.4 

Step 15: Data presentation 11.5.4 

Data presentation 

Data presentation 

Step 16: Data and document archival 11.5.4 

"Energy SystelnS1993d 
TSCM = Technical Software Configuration Management. 
OPSEC = Operating Security. 

93-140/081594 

Data management procedure 
interim guidance 

EPA 1980 

DOE 1987a 

DOE 1987b 

Standardization of Spatial Data 

Development and Maintenance of the 
Spatial Data Base 

Environmental Restoration Quality 
Program Plan ESIERITM-4IR3Q 

EPA 1987a 

Evaluation of Field and Analytical Data 
ERIK-I2004 

Software Quality Assurance ERIK-Pl601 

Document Indexing Scheme 

Receiving, Processing, and Maintaining 
ER Program Records ER/C·P III 0 

Transfer of Data from Site OREIS to 
Central OREIS 

Identifying and Acquiring Documents for 
ER Project Files 

Document Indexing Scheme 

Environmental Restoration Quality 
Program Plan ESIERITM-4IR3/l 

Processing and Review Associated with 
Data Transmitted to OREIS 
(OREIS-I2801) 

DOE 1988 

Status 

Available 

Proposed 

Proposed 

Available 

Available 

Available 

Available 

Proposed 

Available 

Proposed 

Proposed 

Proposed 

Available 

Available 
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The analytical laboratory coordinator oversees contracted analytical services, which may 
include pre-award auditing and review, coordination of the project/laboratory interface, and 
continuing performance review of the laboratory. 

The data acquisition clerk helps acquire documents for project files, maintains the holdings 
and acquisitions lists, and prepares acquisition status reports. 

The data analysts perform statistical summaries of physical and chemical data by medium, 
location, and sampling event, and present these summaries in tables, charts, graphs, or maps. 
The data are examined for consistency with the SAP. The analysts identify anomalies in the data 
and determine whether corrections or qualifiers are required, performing statistical analyses as 
needed, and preparing data for input to numerical models. 

The data base administrator has overall responsibility for the design, operation, and 
maintenance of the data base. 

The data coordinator participates in QA/QC activities including nonconformance 
investigations and reports and QA reviews; when coordinating data support for the multi
disciplinary technical team, he/she prepares work agreements as necessary, reviews sample
receipt acknowledgements, and receives laboratory data packages. 

The data entry clerk has responsibility for the entry of new or existing data generated by 
field activities or as a result of laboratory analyses and performs data-entry verification. 

The data manager is responsible for identifying and acquiring all relevant data; ensures that 
data are complete and consistent; and resolves problems associated with data. 

The data validator conducts data-validation actiVitIes following prescribed guidance 
documents to ensure that data are in compliance with DQOs and meet project needs; participates 
in QA/QC activities to resolve nonconformances as necessary; and assigns data qualifiers. 

The data verifier, following validation of data, conducts data verification activities, and 
participates in QA/QC activities to resolve nonconformances as necessary. 

The Energy Systems ER project manager oversees personnel and activities of ER Program 
site-characterization or site-remediation projects and is responsible for the successful completion 
of work assignments within budget and on schedule. 

The field team leader helps prepare the SAP and implement it in the field, assigns staff 
members to sampling tearns; assigns responsibilities to team members; prepares for and 
coordinates sampling activities; oversees field-data collection, recording, and documentation 
activities; CUld supervises the packing and shipping of samples. 

The Geographic Information System applications specialist/cartographer/spatial analyst 
prepares maps illustrating geographical features and area characteristics such as topology, land 
use, ground cover, roads, buildings, and water; digitizes existing maps; edits and formats spatial 
data, combining them with attribute data from the project data base, and prepares topological 
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overlays; and displays results through graphic outputs that include maps, color displays, and 
tabular information. 

The QA Specialist prepares or helps prepare procedures and documents, evaluates the 
effectiveness of QA activities through scheduled audits and surveillances, and helps to resolve 
quality problems and to ensure that corrective action is taken and appropriately documented. 

The records analyst specializes in the analysis and evaluation of systems and procedures 
involved in the creating, processing, and storing of records. 

The records manager has responsibility for controlling the recorded information about 
project activities that is generated and/or received by project organizations. 

11.5 DATA MANAGEMENT ACTIVITIES AND RESPONSmILITIES 

The range and complexity of the ER Program remediation and monitoring activities require 
a multidisciplinary staff working closely as an integrated data management team. Thissection 
of the plan introduces team staff members by describing their responsibilities· and their 
interactions with each other as they perform the multistep process. The discussion of this process 
generally proceeds in chronological sequence; however, many activities occur simultaneously. 
The steps are organized and discussed below in four parts that reflect the four phases of the data
management process: 

• Phase 1: Planning (Sect. 11.5.1); 
• Phase 2: Field Preparation and Sampling (Sect. 11.5.2); 
• Phase 3: Data Verification and Validation (Sect. 11.5.3); and 
• Phase 4: Data Analysis and Presentation (Sect. 11.5.4). 

11.5.1 Phase 1: Planning 

Overview: 

During the planning phase. the multidisciplinary team of records and data managers 
concentrate on the collection and review of existing documents and data. Any data contained in 
existing documents and/or standalone data bases are reviewed for applicability to the area under 
study. If data are applicable, they are entered either manually or electronically into the project 
data base for subsequent use in developing DQOs and detailed sampling and analysis work plans. 
All existing documents and hard-copy forms of data are indexed and stored in the project file. 

Step 1: Acquisition of currently available relevant data 

General Information: 

This step includes the identification of relevant data held by the ER Program and other 
sources, the acquisition of these data with their associated metadata. and the evaluation of the 
quality of the data for the purpose of initiating an environmental site analysis. Data considered 
for review include all existing data (i.e., existing data in numeric, spatial, attribute, or textual 
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form) that relate to the site. Potential sources of data include existing site environmental 
monitoring and compliance data; data from previous site groundwater and remedial studies; 
personal holdings of staff members; and spatial data from the site gathered by a fly-over, by the 
U.S. Geological Survey, by the U.S. Army Corps of Engineers, or by the Tennessee Valley 
Authority. Early in the process, the records analyst and the program manager review the records 
management plan to ensure that it meets all specific project requirements. 

Process Description: 

The records analyst meets with the project manager and other staff to discuss regulatory 
requirements for records management, an approach to the acquisition of existing data, the 
handling of acquired data, and current records management tools and practices. 

The project manager, assisted by the records analyst and the data acquisition clerk, 
interviews project staff to identify relevant and available data sets and metadata. The metadata 
are found as comments and notes associated with data arrays, as descriptions and footnotes in 
reports, and especially as evaluative information that is the product of QA, verification, and 
validation analyses. The interviewer also requests names of expertS who may provide leads to 
other relevant data and metadata. The staff conduct interviews until they have followed all 
possible leads. 

On the basis of information obtained in interviews and subsequent research, the data 
acquisition clerk compiles an annotated and prioritized data acquisition list describing the desired 
data sets and their locations; the analyst then submits the list to the project manager for review 
and recommendations. Using the amended data acquisition list, the data acquisitions clerk 
acquires available data and then submits data sets to the data coordinator. Deliveries are made 
periodically and reflect priorities established by the project manager. The data coordinator tracks 
the data sets and accompanying metadata on a records management data base and transmits them 
for processing to the data manager, who reviews the data and identifies problems and questions 
that require resolution. The data acquisition clerk reports acquisitions, questions, and problems 
on an acquisition status report. 

The project manager works with the data manager to answer questions and resolve problems 
about the data. When problems are resolved, the usable data are entered into the project data 
base by the data entry clerk under the supervision of the data manager. Unusable data are 
submitted to the records management staff and recorded in the project file. 

Step 2: Document maintenance 

General Information: 

The team performs Steps "1 and'2 concurrently. The' objectives of Step 2 are to ensure that 
the acquisition process minimizes the collection of unwanted documentation, to implement a 
system from which data and documents can be readily retrieved, and to ensure that appropriate 
document pointers will accompany analytical data in the project data base. 
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Process Description: 

Step 2 is closely associated with the collection of currently available data described in Step 1 
and should be conducted concurrently with that activity and performed throughout the project. 
The records analyst and records manager meet with the project manager and jointly develop a 
project file guide and handbook and an indexing manual. The file guide and handbook describes 
the categories that will be used for filing and establishes the procedures for adding documents to 
and retrieving them from the project file. The indexing manual describes the descriptors to be 
used in indexing and how access to the index data base is to be obtained by project staff. Project 
staff submit documents during the entire term of the project. Records management staff 
implement the records classification scheme described in the handbook and index documents in 
accord with the indexing manuaL In addition, records management staff access, retrieve, and 
reproduce requested records and documents for distribution to authorized individuals. 

Step 3: Project: planning 

General Injormation: 

This step involves the development of a work plan that presents an initial evaluation of the 
existing data, defines the scope and objectives of remedial activities, identifies the DQOs, and 
specifies the tasks to be performed. Detailed descriptions of the characterization tasks are found 
in the SAP. The SAP contains two parts: (l) the field sampling plan, which identifies the 
sample-collection, -handling and -analysis procedures to be used and the locations to be sampled, 
and (2) a QAPjP that describes the roles and responsibilities for the sampling and analysis 
activities and the QA/QC protocols to achieve the DQOs specified in the work plan. 

Process Description: 

To develop the DQOs, the project manager forms a multidisciplinary technical team. In the 
first stage of this activity, the types of decisions that should be made are identified. Data users 
are involved, available data are evaluated, a conceptual model is developed, and objectives and 
decisions are specified. In the next stage, data requirements and uses are identified. A concise 
statement of the data types needed is developed, data quality factors are defined, 'data quality 
requirements are identified, sampling and analysis options are evaluated, and sensitivity, 
precision, accuracy, representativeness, completeness, and comparability (SPARCC) parameters 
are reviewed. In stage three, the data collection program is designed by organizing the elements 
already identified in the first two stages. Data collection components are assembled, data 
collection documentation is developed, and the documentation is submitted for approval by the 
appropriate regulatory agencies. 

During the development of the DQOs, specific concentration levels of concern for each 
analyte to"be collected shall 'be determined and specific -analytical methods" and detection limits 
are identified. The existing data and documents collected earlier will be used to assist in the 
identification of COPCs and action levels, and to identify existing gaps in the data. Plans for the 
collection of field and laboratory QA/QC samples (e.g., field blanks, trip blanks, equipment 
rinsates, laboratory blanks, etc.) will also be finalized and reponed in the SAP as pan of the 
detail sampling design. This sampling design will be used to fill out and complete all required 
sample requisition forms. 
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During the planning process, staff will review and finalize standardized field-data collection 
forms for field sampling, groundwater sampling, well construction, borehole logs, lithology, field 
measurements, instrument calibrations, and chains of custody (COC). 

11.5.2 Phase 2: Field Preparation and Sampling 

Overview: 

During the field preparation and sampling phase, project chemists and data managers work 
closely with analytical laboratory staff to establish detailed procedures for processing samples and 
data, including scheduling the receipt of samples, COC handling, hard copy data package content, 
and electronic data deliverable content. The details of the work plan (sample identifications, 
location, depth. media, analysis types, containers, field QC samples, etc.) are entered into the 
project data base that is then used to output preprinted field logbooks and labels. As data are 
collected in the field, team data entry staff members manually enter field information (well 
construction data, lithology, borehole, water level, etc.) and COC data into the project data base 
for review against the original SAP. All field logbooks and cae forms are then indexed and 
stored in the project file. 

Step 4: Analytical laboratory interface 

The analytical laboratory coordinator and the QA Specialist conduct a pre-award audit of 
the analytical laboratory. During this review, procedures for data and document handling 
activities will be discussed. Specifically, the scheduling and receipt of samples will be 
established, the processing of COC and sample receipt forms will be detailed, the format and 
content of CLP and non-CLP data packages will be determined, electronic data deliverable 
contents and formats will be established, and procedures for processing nonconformance reports 
will be set. Findings and recommendations will be presented at the end of the project at a close
out meeting. An audit report will be prepared and sent to the laboratory for response. 
Recommendations and all decisions agreed on during the pre-award survey should be detailed. 

The analytical laboratory coordinator and the QA Specialist, using the results of the pre
award audit, prepare a standardized SOW package. Sample collection will not proceed until the 
findings in the audit have been resolved and the contract with the analytical laboratory has been 
executed. 

Step 5: Populating the project data base with SAP data 

Genera/Information: 

The project SAP specifies all sampling and analysis data. During this step, the data 
manager and the field sampling·team-Ieader verify data specific to the SAP before loading it into 
the project data base. These data form the basis for the generation of preprinted labels and 
logbooks. 
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Process Description: 

The data manager creates a temporary SAP data base. Specific data items to be entered 
include sample identifications, sample survey locations and stations, sample depths, sample 
media, sample types, number of samples, sample container types and volumes, preservatives, 
types of analyses, and field QC data. The field team leader completes sample requisition forms 
based on sampling and analysis data specified in the project SAP and submits the forms to the 
data manager. Working under the technical supervision of the data manager, the data entry clerk 
manually enters data specified in the sample-requisition forms. 

The data manager generates and reviews a report from the SAP data base to verify the data 
and makes any corrections necessary. A corrected report is reviewed by the field team leader; 
his or her corrections (if any) are incorporated by the data base administrator, who then integrates 
the verified data base into the project data base. 

Step 6: Collection of field data 

General Information: 

The proper collection of samples and the proper completion, handling, and control of 
sampling documentation, such as logbooks,. are crucial to the success of a project. Because 
information contained in the logbooks may be admitted as evidence in cost recovery or other 
litigation, the importance of activities that take place in this step in the process cannot be 
overstated. The purpose of this step is to ensure that samples are collected according to the SAP 
and QAPjP and that information about each sampling event is properly recorded and documented. 

This step describes (1) preparatory activities for the collection of field sampling data and 
(2) sample- handling, -documentation, and -management activities conducted during field 

. sampling events; it covers sampling activities from the point at which the data coordinator 
generates field logbooks, sample labels, and sample tags directly from the verified SAP data in 
the project data base to the point at which a QA review of entries on sampling documentation is 
conducted. 

Process Description: 

First Stage 

During the first stage, the data coordinator prepares the preprinted logbooks, sample labels, 
sample tags, and other materials for the sampling team. Using copies of the sample requisition 
forms prepared by the field team leader, the data coordinator generates requested logbook sheets, 
sample labels, and sample tags on which data extracted from tables in the project data base are 
printed in the appropriate fields. These preprinted -logbook'sheets and additional blank logbook 
sheets are arranged by medium, sampling event, or sampling team-whichever method of 
organization is most efficient for an actual sampling event. The logbooks are submitted unbound 
to the field team leader for QA review. Following this review, the data coordinator makes any 
needed corrections and submits the logbooks to the reproduction center, where they are bound. 
From this point on, all bound logbooks are kept in secure storage; access to them is controlled 
at all times. 
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The data coordinator numbers the bound logbooks; delivers the bound logbooks, sample 
labels, sample tags, and COC forms to the field team leader for secure storage; and enters 
logbook titles and numbers in the project data base. 

Before sampling begins, the data coordinator ensures that sampling team members are 
trained to follow procedures in completing logbooks, COC forms, labels, tags, and custody seals. 
The field team leader or QA Specialist ensures that sampling team members are trained to 
conduct sampling activities according to procedures and conducts a readiness surveillance during 
a trial sampling event to identify and correct problems. Trainers also submit documentation of 
successful completion of training and the readiness surveillance to the project file. 

Second Stage 

The field team collects samples as required by the SAP and QAPjP, carefully following 
relevant procedures. The team attaches a pressure-sensitive, gummed label to each sample 
container at the time of collection. The labels may be partially filled out and attached to the 
appropriate containers before samples are collected. The sampling team recorder will complete 
labels in indelible black ink during the sampling activity. In addition to the sample label, a 
sample container tag will be firmly attached with string, waterproof tape, or rubber bands to 
provide evidence and a permanent record of samples received by the analytical laboratory. If 
preprinted sample labels are not used, all information is recorded manually during field sample 
collection. 

The field team also completes the COC during sampling. Each sample must be recorded 
on a COC form. Ultimately, each sample is accounted for by a custody transfer, although 
samples may be transferred as a group. The sampling team attaches seals to the containers when 
samples are collected to ensure that the samples are not tampered with between collection and 
analysis (the seals are affixed in such a way that it is necessary to break them to open the sample 
containers). All samples designated for shipment that leave the sampler's custody will have a seal 
affixed. Specific requirements for completing the logbooks will be detailed in the SAP, the 
QAPjP, and relevant procedures. 

The field team leader completes the site logbook, a bound book with a hard cover and 
sequentially numbered pages, which is the master field-investigation document. Its primary 
purpose is to document each day's field activities; the personnel on each sampling team; and any 
administrative occurrences, conditions, or activities that may have affected the field work or data 
quality of any environmental samples for any given day. Each sampling team at the site has a 
field logbook for recording each day's sampling activities. 

Third Stage . 

Following sampling, '3. different team member conducts-an independent QA review to verify 
whether the SAP has been followed, instruments calibrated, and procedures followed, and to 
ensure that logbook, COC, label, and tag entries are correct and legible. This review is dated 
and signed by the reviewer. Original entries may be corrected but not obliterated; the corrections 
are dated and signed. If the SAP has not been followed, the project manager evaluates the effect 
on the data and determines how to proceed, documents the decision in the logbook, and signs the 
logbook entry. If appropriate, field data are flagged. 
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The sampling team members package samples for shipping, complete shipping 
documentation, and ship samples with the original cac form to the analytical laboratory for 
analysis. The field team leader retains copies of the COC form and shipping documentation and 
notifies appropriate project personnel that the samples have been shipped. 

Backup copies of logbooks are made and submitted to the project file. The field team leader 
transfers the logbooks to a secure storage area and delivers a copy of the cac form to the data 
coordinator. 

Step 7: Data entry of field information 

General Information: 

During this step in the process, the project data base is updated with field data and relevant 
metadata. Data entries are verified. 

Process Description: 

Within 72 h of sampling completion, the field team leader submits a copy of the COe- to 
the data coordinator, who in turn enters the cac form number, sample identifications, and 
analyses requested into the project data base and verifies all information. If any samples were 
collected that were not planned in the SAP, their sample identification numbers, analyses 
requested, and all other relevant sampling information are entered to the data base. Any 
problems identified by the data coordinator during the review of the cac are resolved with the 
field sampling team leader; if necessary, a nonconformance report is generated, in which case 
the field team leader or data coordinator contacts the laboratory. 

The data coordinator signs out the field logbooks and verifies their accuracy and 
completeness. Under the supervision of the data coordinator, the data entry clerk manually enters 
field data and any relevant metadata from logbooks and the cac into the project data base. Field 
data captured include field sample measures, well construction logs, lithologic descriptions, and 
field screening results. Data entry is verified, and a report is created and submitted to the project 
file. 

11.5.3 Phase 3: Data Verification and Validation 

Overview: 

During the data verification and validation phase, the analytical laboratory submits a letter 
of receipt, data packages, and a set of diskette deliverables. The letter of receipt data are entered 
into the project data base and compared with the original plan by team data coordinators. The 
results data from diskettedeliverables are stripped out and added to the project data base for 
preliminary analysis. interpretation, and SPARCC parameter estimation. The diskettes are also 
used for automated data verification and validation for CLP analyses and for some non-CLP 
analyses. After resolution of all nonconformance reports, the data packages and data quality 
summary reports an~ checklists are forwarded to the data validators for final assessment and 
assignment of data quality flags. The data quality flags are then uploaded into the project data 
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base to create a final, validated, and centralized data base of both field and analytical information. 
All data packages, worksheets, and final data listings are indexed and stored in the project fIle. 

Step 8: Confirmation of receipt of samples by the analytical laboratory 

General Information: 

During this step, interactions between project and analytical laboratory staff ensure that the 
laboratory understands and will meet project needs and that any problems will be addressed 
immediately. The analytical laboratory returns a copy of the COC with the letter of receipt that 
confirms the receipt of specific samples, reports what condition the samples were in when 
received, and documents any problems and resolutions. The letter of receipt also reports analyses 
scheduled by the laboratory and the expected turnaround time, and cross-references sample 
identification numbers with laboratory sample identification numbers. The data coordinator 
ensures that scheduled analyses concur with the requirements of the SAP and that expected 
turnaround will meet holding time requirements. The data coordinator updates the project data 
base with letter of receipt data. 

Process Description: 

When samples are received at the analytical laboratory • sample-receiving personnel sign and 
date the air bill. The laboratory staff members open the shipping container; record the date and 
time of receipt; document on the COC the presence or absence of custody seals, the condition 
of sample containers, the temperature, and the pH level; and sign and date the COCo If there 
are problems, the laboratory contacts the field team leader for resolution. 

Within three days of receiving the samples, the analytical laboratory sends an letter of 
receipt and a copy of the COC to the data coordinator. The letter of receipt documents the date 
and time of receipt of the samples, the condition of the samples on receipt, the analyses requested 
for samples, and the due date for results. It also cross-references the sample identification listed 
on the COC and printed on the sample label and sample tag with the laboratory sample 
identification number assigned by the laboratory. The letter of receipt also documents any 
problems and their resolutions. 

The data coordinator reviews the letter of receipt and compares information to the data in 
the project data base to ensure that the proper chemical and radiological analyses are specified 
and understood by the laboratory. Any deviations from established procedures are documented 
in nonconformance reports. The data coordinator updates the project data base with laboratory 
identification numbers for each sample and any other information (e.g., loss of sample because 
of breakage) and generates a status report. 

Step 9:' Receipt-and "preliminary processing "of-hard.;.copy data "deliverables from the 
analytical laboratory 

General Information: 

The results of the analyses of samples are reported by the analytical laboratory in a hard
copy data package; results may also be reported in electronic format on a diskette. This step 
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discusses the handling of data packages, both CLP and non-CLP. Diskette deliverables are 
handled concurrently, as discussed in Step 10, "Receipt and preliminary processing of electronic 
data deliverables from the analytical laboratory ... 

The data coordinator receives and processes the data package and initiates tracking of 
analytical data. Verification is performed to ensure that data are accurately quantified, 
transcribed, and recorded and that prescribed procedures have been complied with. When 
verification is complete, summary reports are prepared, and any nonconformances are 
documented. Unvalidated data are entered into the project data base so that they are available 
for preliminary analysis while data validation is performed'. 

Process Description: 

The analytical laboratory submits results of sample analyses to the data coordinator in a 
hard-copy data package. The data coordinator receives and processes the data package by 
stamping the date on it, assigning it an accession number, photocopying it, and submitting the 
original to the project file. A copy is retained for use in verification, validation, and data entry, 
and the data coordinator initiates tracking of analytical data by logging the sample delivery group 
information into the project data base, linking sample identifications with the sample delivery 
group number. 

The data coordinator assigns data verification responsibilities, delivers to the data verifier 
the data package and checklists appropriate to the analytical method employed by the laboratory 
and tracks custody of data packages and the status of verification activities. The data verifier 
completes a Laboratory Data Package Summary Form to record sample delivery group 
information and a Laboratory Data Package Detail Form to record sample-specific information. 
for each sample delivery group. These forms document receipt of results for specific samples: 

If a ClP electronic diskette has been received, the verifier performs automated verification 
and validation using software discussed in Step to. If results have not been submitted on a ClP 
electronic diskette, the verifier manually verifies the data to ensure that they are accurately 
quantified, transcribed, and recorded in accordance with . prescribed procedures. If 
nonconformances are identified, a nonconformance report form is completed. All verification 
documentation, including checklists, . any electronic summary reports, and any nonconformance 
reports, are signed and returned to the data coordinator for forwarding to the data validator. 

The data entry clerk enters unvalidated information (e.g., analysis types, dates, and 
preliminary results) to the project data base, thus making data available for preliminary analysis 
while data validation is performed. Data entry is verified either by entering data twice and 
comparing the resultant files or by performing a total review. Changes are iterated until the 
correct file is produced. On completion of data entry, a report is created and submitted to the 
project file. . 
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Step 10: Receipt and preliminary processing of electronic data deliverables from the 
analytical laboratory 

General Information: 

This step encompasses the handling of analytic sampling results submitted by the analytical 
laboratory in electronic format on a diskette. Electronic deliverables are usually required for 
CLP analyses but are submitted on a case-by-case basis for non-CLP analyses, as required by thl: 
SOW. Activities described in this step are performed concurrently with activities described in 
Step 9, "Receipt and preliminary processing of hard-copy data deliverables from the analytical 
laboratory ... 

Unvalidated data are stripped and loaded to the project data bast: for use in preliminary data 
analysis. Automated data verification and validation are conducted and summary reports are 
generated for review by the validator. 

Process Description: 

The data coordinator receives the electronic diskette from the analytical laboratory, copies 
it, and submits the original to the project flle. The data are reviewed to ensure that sample 
identifications on the electronic diskette match those in the hard copy. Unvalidated data are 
stripped using verified programs. and are loaded to the project data base for use in preliminary 
analysis of data while validation is completed. An error report is generated after data loading, 
and the data manager resolves any discrepancies. If appropriate, nonconformance reports are 
generated. 

Automated verification of CLP data is performed using EPA's Contract Compliance 
Screening (CCS) software, and a summary report is generated. Automated validation of CLP 
data is performed using a validation software program (e.g., Computer Assisted Validation and 
Evaluation Assessment Tool), which generates a summary report. Any deficiencies are reported 
on a nonconformance report form. All summary reports are signed, and the data coordinator 
transmits them to the data validator for review. 

On a case-by-case basis, the data manager builds a library of routines for stripping non-CLP 
data from diskette deliverables supplied by the laboratories. Automated verification and validation 
may then be performed. 

When subsequent deliveries of corrected data are submitted in electronic format, printouts 
of changes in the data base are reviewed to ensure that any nonconformance reports are 
addressed. If nonconformance reports are resojved, the data are corrected in the data base. 

Step 11: Data validation .. 

General Information: 

The data validator uses a systematic process to review data against a ridined set of criteria 
to evaluate whether the data are adequate for their intended uses. Data are reviewed following 
EPA or other functional guidelines for data validation to determine whether analyses were 
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performed in accordance with required analytical methods and proper QC procedures. The level 
of validation required is stated in the SAP or the QAPjP. If necessary, the data validator flags 
the data with codes that signify usability. 

Process Description: 

The data coordinator distributes materials needed for validation to the data validator and 
tracks both the custody of the data package and the status of data validation efforts. These 
materials include the data package, validation worksheets appropriate for the analysis performed 

. by the analytical laboratory, and reports completed during data verification (e.g., the Laboratory 
Data Package Summary Form, Laboratory Data Package Detail Form, CCS summary, automated 
validation summary, and nonconformance report form). The data validator evaluates the data 
verification and validation summary reports generated during data verification and reviews the 
data against criteria specified in the SAP. If required for the given level of validation, the 
validator completes a worksheet as part of the validation process. 

When the SAP requires comprehensive validation, all data presented on standardized 
reporting forms are validated against guideline criteria in all data packages. However, when CLP 
diskettes are provided with the data package, the data are validated using CCS and vaIidation 
software program summary reports. Validation criteria examined by those software programs 
determined to be in compliance are accepted; criteria identified as deficient in the reports are 
reviewed in detail. In addition, from the total group of data packages, the project manager-or 
data manager may select a percentage on the basis of sample medium, analysis type, analysis": 
time, and critical sample location to be subjected to a comprehensive data validation process, 
including examination of raw analytical data. 

The data validator documents all discrepancies discovered during the validation process and 
also provides concurrence for reviews any nonconformance reports completed by the data 
verifier. If appropriate, he or she adds to or initiates a nonconformance report following standard 
procedures. The resolution of these nonconformance reports is handled by the QA Specialist and 
the analytical laboratory QA manager .. 

When the review is completed, the data validator must certify in writing that data have been 
validated and flagged in accordance with the process required in the SAP and must enter by hand 
any flags or qualifiers on copies of the results form (e.g., CLP Form 1). If required for the 
given level of review, the data validator also prepares a validation review package that contains 
a narrative summarizing the findings of the validation review, copies of the pages on which data 
flags and qualifiers are hand-entered, and the completed and signed validation worksheets. The 
data package and all documentation of the validation review are delivered to the data coordinator, 
who oversees manual entry of flags and qualifiers into the project data base by the data entry 
clerk; the data entered are verified either by double entry and comparison or by total review. 
The data coordinator "also submits verification and validation documentation to the project file. 
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11.5.4 Phase 4: Data Analysis and Presentation 

Overview: 

During the data analysis and presentation phase, team data analysts retrieve specific subsets 
of data from the project data base for determining contaminants of concern, comparing 
concentrations to background levels and regulatory limits, and performing risk assessments and 
modeling activities. By use of a Geographic Information System, spatial data are combined with 
validated attribute data to perform spatial analysis, plume modeling, land-use mapping, volume 
calculations, and contaminant-nature and -extent contouring. All data reports and listings 
presented in technical reports are generated by computer application programs (following software 
QA procedures) that access and summarize validated data contained in the project data base. The 
validity of application programs will be entered into the project files. If appropriate, validity will 
be demonstrated through successful performance of benchmark applications. Widely accepted 
commercial software (e.g., LOTUS) will not require validation; however, successful performance 
of derived applications such as spreadsheets or reports must be documented in the project file. 
All data summaries, maps, reports, application programs, and data base files are indexed and 
stored in the project file. As a result, reports and summaries can be successfully replicated. 

Step 12: Data consolidation and storage 

General Information: 

This step focuses on ensuring the integrity of the data and the data base. Emphasis is placed 
on ensuring that the sources of all information and data are verified and documented and that all 
information and data collected are appropriately stored and indexed. Metadata are added to the 
project data base and linked to the corresponding data. 

Process Description: 

When the data for a given sample or group of samples are complete and have been entered 
into the data base, the data coordinator ensures that logbooks, other field records, and all 
analytical records are complete and properly stored in the project file. These records include the 
electronic forms, all the associated data packages, and documents that have been added to the data 
package file, such as the Laboratory Data Summary Form, Laboratory Data Detail Form, CCS 
summary report, automated validation summary report, validation review report, and closed 
nonconformance report. The source of each piece of information is documented. Hard-copy 
information is appropriately indexed and filed. Metadata are added to the project data base and 
linked to corresponding data. 

After the data base is loaded, the data base administrator verifies and validates the security 
(per the Automated -Data Processing Security Handbook) 'and configuration control plan (per the 
Technical Software Configuration Management Handbook) to minimize the possibility of physical 
corruption (i.e., hardware or software failure) or unauthorized and illegal updating. Strict 
adherence to recovery procedures, time-stamping, and other related standard operating processes 
and controls ensure physical security. Any changes to the data base will be documented on a data 
base change request form. 
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Step 13: Data analysis 

Generallnjormation: 

Subsets of the site characterization data are extracted from the project data base using 
quality-controlled retrieval programs; the data are then analyzed by use of standardized methods. 
All data analyses are generated from application programs accessing the validated data in the 
project data base. Data analysis may include activities such as determining COPCs, performing 
risk assessments, conducting transport modeling, estimating SPARCC parameters, and conducting 
statistical and spatial analyses that compare concentration values with background levels, 
regulatory limits, and ARARs. Analysis results are presented in such forms as tables, graphs, 
electronic tiles, or maps. A component of data analysis is data evaluation, in which spatial, 
temporal, content, and context analyses are performed on validated data in the project data base. 

Process Description: 

The project manager works with the data analysts and data base staff to determine which 
analyses need to be performed. Using standardized and quality-controlled retrieval programs, 
the data analyst extracts data base subsets for analysis, including combinations of site, location, 
station, sampling date, analysis type, analyte, data quality flag, and upper and lower data values 
from the project data base. These subsets are then passed to specific data analysis applications. 
All data analyses are generated from application programs accessing the validated project data 
base. . 

The data analyst documents critical aspects of the data-analysis process. The project 
manager completes a work request form to document data-selection criteria, analyses to be 
performed, and, if relevant, equations to be used. The data analyst prepares a calculation 
package that includes the listing of the data query, the listing of the program run log to ensure 
that the program ran correctly, and the product plus any additional output needed to check the 
accuracy of results. The analyst includes the name and version of the data set, the name and 
version of the program, and the date on all products. Before the product is delivered, a technical 
review is performed and documented by a second data analyst or other qualifiedtechnica1 staff 
member. Customized programs and all documentation are stored in the project file. 

Step 14: Spatial analysis and mapping 

GenerallnjormoJion: 

The Geographic Information System data base is composed of (1) spatial data files 
containing coordinate (map) data and (2) attribute files containing tabular descriptions of the map 
data. Creating the Geographic Information System data base involves manipulation and QA of 
coordinate data,input and-QA of attribute data establishing 'a link between the spatial and 
attribute data, and importing of tabular data from other sources. The Geographic Information 
System data base is then used to further analyze the attribute or tabular data on the basis of its 
spatial content and to produce tabular and cartographic output of the analysis results. 
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Process Description: 

On the basis of outputs identified in the SAP, the project manager and Geographic 
Information System analyst identify and acquire early in the project data such as contours, land 
use, vegetation, and stream courses that will be needed to generate project deliverables. The data 
obtained are usually either electronic drawing files, survey data in electronic form, or hard-copy 
maps. 

With the exception of points, all features in the coordinate data base are captured from a 
digital file. Thus, the cartographer must digitize hard-copy maps and import electronic data in 
spatial data base format. The project manager or technical team member performs QA reviews 
of the drawings produced, and iterations are generated until the drawings are approved. The 
spatial analyst then imports attribute data into the defined data fIles. The coordinate data files 
and attribute data files are stored in a spatial data base. A unique identification found in both 
mes links attribute information (e.g., well number, street name, vegetation type) with entities 
(Le., points, lines, polygons). Points may be loaded directly into the Geographic Information 
System from electronic data meso The spatial analyst performs a QA review of spatial data, 
querying the spatial data base, plotting the map features along with attribute information, and 
checking the plots against data source(s). 

Attribute data files may be added to the spatial data base as they become available. The 
Geographic Information System analyst extracts from the project data base site characterization 
data associated with verified sampling points, in the form of one or more tables (which must 
include each point's unique identification), and imports the data directly into the Geographic 
Information System data base. All attribute records are linked to the entities by a unique 
identification assigned to every map entity. 

Step 15: Data presentation 

General Information: 

The team generates customized data-reporting products that clearly indicate fIndings while 
using standardized annotation and precisely referenced data sources. All data listings, summaries, 
and reports containing graphics are generated by application programs accessing the validated data 
in the project data base. 

Process Description: 

The ER project manager and other project staff members collaborate in customizing data 
reporting products that will clearly present project findings while using standardized annotation 
and precisely-referenced data sources. 

The data analyst extracts data subsets for reporting, including combinations of site, location, 
station, sampling date, analysis type, analyte, data quality flag, and upper and lower data values 
from the project data base with data retrieval tools. These subsets are passed to specifIc data 
reporting applicatiOns and reporting products (e.g., maps and spatial analyses, statistical analyses 
and models, risk assessments, graphics displays, tabular summaries, SP ARCC reports, special 
application programs) are generated. 
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Step 16: Data and document archival 

General Information: 

The process of.data archival requires the updating of data from the project data base to the 
central OREIS data base, as well as retention of hardcopy records. The purpose of the transfer 
is to provide long-term secure storage and to assure maximum accessibility by the regulators and 
the environmental engineering community. 

Sufficient documentation, including the associated metadata, must accompany archived data 
to describe the source, contents, and structure of the data to ensure its future usability. Computer 
programs used to manipUlate or report the archived data must include references to the host 
software with its version identifiers. Hardcopies of all original field and analytical results, data
reduction and data- summarization programs. data packages, and associated QA/QC forms must 
be classified, indexed, and stored into appropriate file groups and record series within the 
project files. 

Process Description: 

Over the course of the project, the records management staff acquires and processes project 
records and builds the project file. As the project nears completion, the Records Manager, using 
a checklist of documents required for comprehensive documentation of all project activities, 
checks for the completeness of the project file, and when satisfied that the file is complete, 
reports this to the Project Manager and provides the project manager and the QA specialist with 
a comprehensive listing of all documents in the index data base. 

When the project manager and the QA specialist are satisfied that the project file is 
complete, the comprehensive listing of documents along with an electronic copy of the index data 
base is added to the project file. The project file is then boxed and delivered to permanent 
storage, e.g. the Central Record Facility or Document Management Center. A copy of the index 
data base is also delivered to the data base administrator. 

The data base administrator is responsible for the completeness and final closeout of the 
project data base. After verifying that the processes described under Step 12, "data consolidation 
and storage," have been fully satisfied and the data base with the inclusion of metadata is 
complete, the data base administrator informs the project manager and QA Specialist. Upon 
approval, all files including the index data base, are archived. 
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APPENDIX A 

SUMMARY OF RISK RESULTS FOR COMPLIANCE WELLS AND 
GROUNDWATER DATA COLLECTED FOR REMEDIAL 

INVESTIGATIONS AT WAGS 1, 5, AND 6 
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Table A·I 

- - -

WAG 

1 

-

Well Risk Infonnalion 

WELL Metal !Uk DlLRsk R&d Rsk TRU_Rsk Total !Uk R&d_% MCI_% TRU_% 0IlL% 
3.18E-04 533 3.03E·05 4.28 86.2 9.52 0 

6.12E-04 536 8.49E·07 2.8 56.24 0.14 40.82 

1.59E.o3 538 9.26E-06 4.71 94.64 0.58 0.06 

539 OOOIHOO 312E-061 862E-4131 7.34E·05 99.12 0 0.114 0.04 8.70E-413 

S40 3.46E·07 0.9\ 99.03 0.05 0 6AOE-04 O.OOE+OO 5.90E-06 6.46E-04 

54 3.79E-06 36.07 28.17 0.52 35.24 I 2.03E-04 2.54E-04 2.60E-04. 7.21E-04 

54 O.OOE+oo 1.05 20 18 0 78.78 3 4.31E-04 1.71E~3 2.26E-05 2.17E~3 

54 5. 32E·07 94.05 1.99 0.01 3.95 5 1.32E-04 2.62E-04 6.24E.o3. 6.64E~3 

S46 I.12E·06 10.71 85.33 0.12 3.24 2.03E-04 7.7 1 E·06 2.5SE-OS 2.38E-04 

54 O.OOE+OO 2.37 9763 0 0 8 1.42E-04 O.OOE+OO 3.46E-06 1.46E-04 

549 4.27E·06 15.6 83.87 0.42 0.1 8.44E-04 I.02E·06 U7E-041 1.01E~3 

550 8.59E·06 26.88 72.02 1.02 0.09 6.10E-04 1.79E·07 2.27E-04. 8.46E-04 

55 2.77E·06 0.75 50.45 0.23 48.58 3 6.19E-04 5.97E~4 9.206·06 1.23E.o3 

2.43E-04 1.606·06 7. 89E·06 554 \3IE·07 2.53E-04 

558 O.OOE+OO 1901':·07 OOOE+OO OooE+oo 390E·07 

563 OooE+OO O.ooE+oo 1.02E-04 3.03E·06 1.05E-04 

564 OooE+OO O.ooE+oo 5.92E-04 O.ooE+OO 5.92E-04 

566 107E-06 3.63E-04 2.106.()6 2.67E-04 6.33E-04 

1 57 

sn 
2.01E-04 

3.16E-04 

O.OOE+OO 7.36E-04 

0.006+00 3.90E-04 

5 L35E·0 

174E-06 

9.50E-04 

7.08E-04 

9 1.93E-04 51 O.ooE+oo l.66E'()S 7.09E·0 7 2.10E-04 

583 O.OOE+OO 7.796·07 O.ooE+oo O.ooE+oo 7.79E'()7 

278E·05 587 O.OOE+OO 2.19E·06 224E-05 3 17E 06 

588 1.83E-04 5.65E·05 4.65E-04 

589 4.21 E-04 1.56E·06 4.86E-04 

590 1,83E-04 O.ooE+oo 3.04E.o3 

593 3,66E-04 O.OOE+OO 2.32E-04 

596 1.12E-04 4.IIE-O 5 4. 26E-05 

U 597 1.76E-04 2.44E~2 6.946-05 
II 3.66E-041 598 1.59E-04 8.92E~3 

599 1.52E-04 1.14E·0 5 

601 O.OOE+OO 1.I8E-O 5 

602 4.BBE-04 1.20E-04 

603 1.09E~3 O.OOE+oo 

604 1.42E-047.79E·0 7 

607 OOOE+OO O.OOE+OO 

608 o.ooE+oo1 
610 1.37E.06 

61 3.37E·07 

613_~~~ o.ooE+ool 
6181 4.88E·06 

620 1.3 I E-05 
621 0.006+00 

622 2.39E·06 

623 0.006+00 

7.64E-06 

1.01E~3. 

2.02E-OS 

2.10E-04. 

2.88E-05 

3. I S6-05 

6.49E-041 

5.30E-06 

3.75E-05 

3.71E-041 

1.50E-05 

9.79E-06 
1.91E-05 

1.74E·05 

828E.()6 

2.50E·06 7.07E-04 

4.74E·07 9.10E-04 

8.6OE·06 3.23E.o3 

1.29E'()5 6.11E-04 

1.04E-04 2.99E-04 

1.2IE·07 2.46E~2 

9.55E.07 9.45E~3 

O.ooE+OO 1.71E-04 

2.14E·06 1.02E-413 

4.17E-07 6.28E-04 

5114E-06 1.30E.o3 

290E.()6 1.75E-04 

I. 72E·06 332E·05 

5.77E·06 1.27E.o3 

1.20E·06 2.21 E-04 

2.48E.()6 7.41E-04 

O.ooE+OO 3.71E-04 

1.25E-06 2.98E-04 

0.001':+00 2. 29E·05 
O.OOE+OO 1.91E-05 

5 76E-061 2.39E-041 
O.ooE+OO 2.06E-04 

3.12 96.19 

o 0 
97.11 0 

100 0 

57.36 42.13 

n.4 
5S.OS 

7.88 

o 
80.71 

65.76 

53.48 

94.08 

38,03 

14.23 

0.28 

2118 

44.67 

91.78 

o 
o 

25.88 

46.3 

5.66 

59.86 

37.33 

0.71 

3.87 1.69 

4.46 88.9 

98.64 0 

HI n.63 
16,12 

16.51 

94.82 

50.91 

2.4 

5.06 

100 

5.04 

42.69 
100 

7.3 

4.03 

83.43 

81.39 

o 
48.63 

96.44 

94.56 

o 
92.9 

o 
o 

89.29 

95.97 

0.05 

o 
2.89 

o 
0.33 

1.42 

0.25 

0.34 

o 
11.41 

0.35 

005 

0.27 

2.11 

34.71 

o 

063 

100 

o 
o 

0.17 

o 
o 
o 

100 
7.88 

8 

0.17 

o 
o 

13.72 

99.01 

0.01 94.43 

o 6.64 

0.21 liS 

007 191 

0.45 

1.66 

5.18 

0.45 

0.54 

0.33 

o 
0.42 

o 
o 

2.41 

o 

o 
0.45 

o 
o 

0.62 

0.05 

o 
1.64 

5731 
o 

o 

ALIAS EASTING NORTHING 

28·22·5 

29·21· 5 

29·22·53 

29·22· 5 
29·21·54 

29-21· 5 

29·21·5 

29·23·54 

30-22· 5 

29·22· 5 

30-23· 5 

30-22· 5 

30·21· 5 
30-21· 5 

30-22· 5 
30-21·5 

30-21· 5 

30-21·5 

28818.67 

2948S.31 

29736.18 

29807.39 

29644.32 

298161 

29713.5 

29741.9 

30034.16 

29960.92 

30311.39 

30194.S9 

30243.72' 

30180.2 

30699.5S 
30615.41 

30459.19 

3062s.o8 

30-20- 5 30SLS.2S 

30·23· 5 3OSn.67 

30·21· 5 

30-22· 5 
31·22· 5 

31·22· 5 

31·22· 5 

31·22· 5 

31·21· 5 

31·22· 5 

31·22· 5 

30919.87 

30954.85 
31289.7 

31308.45 

31331.72 

31113.31 

31191.49 

313114.8 

31445.19 

31·22· 5 31358.87 

31·22· 5 31417.95 

31·21· 6 31503.38 

31·22· 6 31482.03 

31·22·6 

31·22·6 

31.22·6 

31·22.6 

31·21·6 

31·22·6 

31·22.6 

31.21·6 

31·22·6 
31·22.6 

31·22· 6 

31·21·6 

3149().62 

31521.98 

31512.47 

31660.1 

31645.42 

31790.15 

31656.13 

31855.7 

31916.94 
31924.45 

31960.23 

31949.52 

22006.67 

21889.9 

22630.29 

22379.31 

21955.86 

21829.32 

21335.57 

23004.53 

22758.18 

22049.19 

23013.09 

22379.43 

21584.37 

21319.13 

2280003 

21899.82 

21836.37 

21755.47 

20920.68 

23037.69 
21640.4 

22298.95 
2287482 

22581S3 

22474.41 

22191.37 

21833.08 

2266072 

22288.21 

22175.01 

22009.55 

2149154 

2285619 

22575,23 

22039.86 

22476.84 

22180 

21410.13 

22790.02 

22305.48 

21739.94 

2287032 
2245985 

22239.98 

21945.64 

- - - - - - - - - - - - - - -



- -
Table A-I 

- -
WAG 

I 

- - - - - - - - - - - -
Well Risk Infonnation 

WELL Metal Rsk OrJ_Rsk 
634 2.13E-04 o.oOE+OO 

806 6.37E-04 174E-06 

801 6.12E-04 I.22E-05 

808 4.61E-04 7.96£-07 

809 1.22Eo03 1.17Eo031 
810 2.91 E-04 I. 07£-05 

811 2.91E-04 1.08E-06 

812 6_01E-04 126E-06 

813 3.6BE-04 5.58E-05 

814 2.B2E-04 1.60Eo021 

Roo Rsk nu Rsk Toul! Rsk Rad_% Mel_% nU_% Ors..% - -
I.31E-05 O.OOE+OO 

I 1.19E-041 O.OOE+OO 

2.69E-05 0.00£+00 

1.38E-05 O.OOE+OO 

I 2. 39E-05 O.OOE+OO 

1.24E-05 O.OOE+OO 
, 2. 75E-05 0.00£+00 

1 6.01Eo031 1.34E-04 

I 
815_..;;;;;;;;;;;;;..0. ... 

8161-~~+~~~ 
818_~~+~:-:-:~ 
819 I 

2.20E-05 O.OOE+OO 

2.55E-05 O.OOE+OO 

1.81E-05 O.OOE+OO 

2.32E-05 O.OOE+OO 

I.46E-05 O.OOE+OO 

1.79E-05 O.OOE+OO 

2.26E-04 5.8 94.2 0 0 

6.58E-04 18.17 81.57 0 0.26 

U1E-04 4.88 9291 0 2.21 

4.66E-04 2.95 96.88 0 0.17 

2.41Eo03 0.99 5052 o 48.49 

3_14E-04i 3.93 92.66 o 341 
3.20E-04 861 91.05 o 0.34 

6.65Eo03 90.39 7.54 2.02 005 

U6E-04 4.93 82.55 o 12.53 

1.63Eo02 0.16 172 o 98.12 

1.07E-04 16.92 82.36 o 0.72 

2.13E-04 10.89 88.75 o 0.36 

1.15Eo02 0.13 0.94 o 98.94 

1.14Eo02 0.16 0 o 99.84 

820 ~.72E-05 4.7IE-06 2.06E-05 O.OOE+OO 8.2SE-05 2492 69.37 o S.7I 

821 O.OOE+OO 8.42E-06 1.89E-05 O.OOE+OO 2.73E-05 69.19 0 
822 3, 25E-05 7.44E-06 2.92E-05 O.OOE+OO 6.92E-05 42.25 47 
823 O.OOE+OO 7.11£-06 2.29E-05 O.OOE+OO 3.00£-05 76.12 0 

824 1.69E-OS O.OOE+OO 4.01E-04 
825 5.04E-05 O.OOE+OO 1.03E.o3 

826 - I 86E-05 O.OOE+OO 1.06E-04 
821 3.06E-04 1.13E-05 I. 93E-05 OOOE+OO 3.36E-04 
828 3.48E-04 145E-06 14OE-05 O.OOE+OO 3.63E-04 

829 4.06E-04 2.82E-06 308E-05 OOOE+OO 4.40E-04 

830 1.B3E-04 2.44E-041 8.69E-05 O.OOE+oo 6.14E-04 
873 1.B3E-04 6. 83E-07 2.64E-05 1.06E-07 2.11E-04 
874 O.ooE+oo 2.52E-04 1.97Eo03 5.6IE-01 2.22Eo03 

875 O.OOE+oo 1.69Eo03 1.39Eo02 4.99E·06 1.55Eo02 
876 O.OOE+OO 2.24E-07 3.BBE-04 O.OOE+OO 3.BBE-04 
817 O.OOE+OOI 2.66E-04 4.33E·05 5.41£-01 

llill~ 
3.09E-04 

2.56E-04 3.90E-01 818 

819 

880 

881 

882 

884 

895 
886 

946 

947 

1100 

1101 

1102 

1103 

1104 

6.IOE-06 O.ooE+oo~~~~ 
4.63E-06 O.ooE+OO .................. 

O.ooE+oo O.ooE+oo 

6.1IE-OS 4.92E-06 

6.81E-05 ~-06 

4.33E:04 O.ooE+OO 

O.ooE+oo 

O.ooE+oo 

O.ooE+oo 

O.ooE+oo 

2.67E-04 

5.67E-04 
7.56E-04 
9.21£-06 

5.08E-06 4.11£.07a...;;;;;;;..;,;;;..;;~ 

4.10E-071""':~~';:' 
O.OOE+OO 
O.OOE+oo .................. '!!'I 

"S5E-05 O.OOE+oo 

3.32E·05 O.ooE+OO 

3.30E-05 O.ooE+OO -2.43E-04 

6.39E-04 
U7Eo03 
2.62E-04 
9.04E-04 

O.ooE+OO 

3.21E-06 

2. 55E-06 

O.OOE+oo 

O.OOE+OO 

I.5SE-OS 

1.05E-04 

1.03E-04 
6.77E-04 
9.09E-04 
2.04E.o3 
1.02E.o3 
9.14E-04i 

• ~ , • ':- >~ •• ..... 1, . 

4.21 92.34 

4.91 7.42 

17.49 14.21 

5.75 90.9 

3.85 95.75 

7 92.36 

16.92 3555 

12.52 86.82 

88.62 0 

89.74 0 

99.94 0 

13.99 0 

118 

100 

L8 

0.58 

98.84 

44.27 

85.39 

100 

31.S6 

32.18 

35.98 

70.32 

72.05 

25.71 

98.99 

o 
o 
o 
o 
o 
o 
o 
o 

63.76 

66.34 

o 
o 
o 
o 
o 

o 30.81 
o 10.76 

o 2388 

o 345 
o 87.67 

o 8.3 

o 3.35 

o 0.4 

o 0.64 

o 47.53 

0.33 0.32 

0.03 1135 

0.03 1022 

o 0.06 

0.18 85.83 

0.15 

o 
o 

0.05 

116 

o 
o 
o 
o 
o 
o 

0.35 

0.13 

o 
o 

98.67 

o 
98.2 

99.38 

o 
55.73 

14.61 

o 
4.68 

1.48 

64.02 

29.33 

27.83 

74.29 

1.01 

ALIAS EASTING NORTHING 
32-22- 6 32722 22599.09 

29651.3 

300085 

30018.6 

296525 

29539.2 

29652.3 

29931.4 

30261.9 

30999.2 

31746.3 

31746.7 

32390.3 

32714.9 

32422 

32436 
32116.7 
32141.8 

31932 

31666.2 

316544 

30813.5 

301414 

30557.1 

30659.5 

31-001 3087246 

31-002 3083178 

3 I -003 3094346 

31-004 31058.84 

31-005 31265.94 

31-006 

31-007 

31-008 

31.009 

31-010 

31-012 

31-013 

31-015 

3513_1 

3513_1 A 

3513_2 

3513_3 

3513_4 

31295.73 

31309.94 

31 364.SS 

31413.46 

3139707 

31255.19 

30949.28 

30884.43 

30646.76 

30666.93 

3115739 

31155.21 

31141.45 

3100921 

3091003 

20082.9 

20909.3 

20910.2 

21142.9 

21879.3 

22002.7 
22350.4 

22615 

22831.8 

23144 

23134.2 

22564.6 

22382.4 

22341.8 
22340.7 
22262.8 
22057.3 

21399.2 

21388.3 

213873 

21012.5 

208\5.2 

21026.1 

21211.7 

21692.62 

21464.06 

21413.94 

21465.27 

21276.72 

2124833 

21430.25 

21248.6 

21400.77 

21299.26 

21359.68 

21468.01 

21696.3 

21091.05 

21061.66 

21463.3 

2146219 

21180.43 

2118033 

21281.89 

- - -
2 

~ 



Table A-I 

- - -

WAG 

I 

2 
2 
2 
2 
2 
2 

2 

2 
2 
2 
2 
2 
2 

2 

2 

2 

2 

3 

3 
3 
3 

3 

3 

3 

3 

3 

3 

4 
4 
4 
4 

-

Wen Rislc Information 

WELL Mctal_RsIc OILRsIc Ra(CRsIc TRUJblc Total_RsIc RacC% Mel_% TRU_% OILo.4 
2531 OOOE+OO 34IE-06 6 74E 05 682E-07 715E-05 94.27 0 0.95 4.77 -
2533 

4003 

4004 
4005 
4006 

4008 

4009 
1150 
1151 
1\S2 

lIS3 
1154 
1155 

1.02E-04 O.OOE+OO 7.86£-06 O.OOE+OO 1.09E-04 7.18 92.82 0 0 
2.87E-04 4.4IE-06 5.48E-06 O.OOE+OO 2.97E-04 1.85 96.67 0 1.49 
1.27E-G4 3,90E-07 1.45E-05 O.OOE+OO 1.42E-G4 10.21 89.51 0 027 
1.05E-G4 2.SSE-G4 2.11E.o11 1.16E.o3 2.12E.o1 99.36 0.04 0.49 0.11 
1.12E-G4 7.08E.04 3.70E-05 O.OOE+OO 8.S7E.04 4.32 13.04 0 82.65 
O.OOE+OO O.OOE+OO 3.02E.041 6. I 8E-06 3.09E.04 98 0 2 0 

O.OOE+OO 190E·07 
O.OOE+OO 1.02E·06 
O.OOE+OO O.OOE+OO 

O.OOE+OO 632E-07' 
O.OOE+OO 632E-07 

4.68E-06 O.OOE+OO 
1.21£-05 O.OOE+OO 

5.01£-06 
1.3IE·05 
3.96£-05 

92.32 0 0 7.68 
92.17 0 0 7.83 

3.96£-05 

3.S7E.04' 
2. 54E-05 
2.86E·05 

O.OOE+OO 

O.OOE+OO' 
O.OOE+OO 
O.OOE+OO 

100 0 0 0 

1156 
1185 
1186 
1187 
1188 
1189 
1190 
1191 

O.OOE+OO 1.26£-06 

3.S7E.04' 
2.61E-05 
2.99E.05 

O.OOE+OO 1.26£-06 1.51E-05 O.OOE+OO I.64E-05 

O.OOE+OO 632E.07' 3.17E-G4' O.OOE+OO, 3.17E-G4' 
O.OOE+OO 5.61£·06 I. 25E-05 O.OOE+OO 1.81E-05 
O.OOE+OO O.OOE+OO 
O.OOE+OO OOOE+OO 
O.OOE+OO 

165E-05 O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

1.65E·05 
I.04E·05 

99.82 

9757 
95.77 
92.28 
99.8 
68.7 
100 
tOO 
100 

1192 

1193_~;:.;;;.~ O.OOE+OO 

O.OOE+OO 

O.OOE+OO ..... ~~.., 

O.OOE+OO.....:~=-=~ 
O.OOE +OOL..,;;';;;';'~~ 
O.OOE+OO 

2.73E·05 O.OOE+OO 273E·05 
903E-06 O.OOE+OO 1.49E.04 

91.93 

13.68 
99.77 
93.52 

100 
606 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

93.94 
O.OOE+OO 6.42E-06 O.OOE+OO 1.24E.04 5.16 94.84 
O.OOE+OO, 1.82E.04' O.OOE+OO 1.82E.04 100 0 

O.OOE+OO 2.39E·06 8.00E-06 O.OOE+OO I.04E-05 7699 0 
98S O.OOE+OO OOOE+OO 2.49E-OS O.OOE+OO 2.49E-OS 100 0 

986' 1.18E-G4' O.OOE+OO 1.31E.05 O.OOE+OO' 1.31E.04' 10.01 89.99 
987 OOOE+OO OOOE+OO 2.61E-OS O.OOE+OO 2.61E-05 100 0 
988 O.OOE+OO OOOE+OO 5S0E-06 O.OOE+OO 5.50E-06 100 0 
990 O.OOE+OO O.OOE+OO 1.95E-05 O.OOE+OO 1.95E-05 100 0 
991 O.OOE+OO 341E-07 I 54E-05 O.OOE+OO 151£-05 97.83 0 

992' 1.24E.04' O.OOE+OO 1.20E.04 O.OOE+OO 2.44E.04 49.29 50.71 
993 O.OOE+OO I.90E-06 1.63E.04 O.OOE+OO 1.64E.04 98.85 0 

994 OOOE+OO O.OOE+OO SA8E-G4 O.OOE+OO 5.48E-G4 100 0 

995 O.OOE+OO 224E·07 1.I0E-05 O.OOE+OO 1.12E-05 98 0 
996 O.OOE+OO 2. 24E-07 7.30E-06 O.OOE+OO 7.S3£o06 97.02 0 
997 O.OOE+OO 224E·07 8.89E·OS O.OOE+OO 8.9IE-05 99.75 0 
998 O.OOE+OO 3.23E·06 1.11£-OS O.OOE+OO 1.49E-05 78.38 0 

1248' 1.08E.04' 5.85E·07 4.74E-05 O.OOE+OO' 1.S6E.04' 30.43 69.2 
948 O.OOE+OO O.OOE+OO 569E-06 O.OOE+OO S.69E-06 100 0 
949 O.OOE+OO 1.16£·05 3.92£-05 O.OOE+OO S.07E-OS 77.19 0 
9S0 O.OOE+OO OOOE+OO 1.I0E-05 O.OOE+OO 1.l0E-OS 100 0 
951 O.OOE+OO O.OOE+OO I.46E.OS O.OOE+OO 1.46£-05 100 0 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0.18 
2.43 
4.23 
7.72 
0.2 

313 
o 
o 
o 

8.07 

8632 
o 0.23 
o 6.48 
o 
o 

o 
o 

o 0 
o 0 
o 2301 
o 0 
o 0 

o 0 
o 0 
o 0 
o 2.17 

o 0 
o 1.15 

o 0 
o 2 
o 2.98 
o 0.25 
o 21.62 

o 0.38 

o 0 
o 22.81 
o 0 
o 0 

ALIAS EASTING NORnnNG 

CH·I 31969.39 
CH-3 31954.89 
CH-6 30839.76 

CH·7A 30430.54 

CH·8 30659.35 
CH.9 30850.47 

CH·IIA 29656.75 
CH·12 29651.05 

29620.1 
3176U7 
32503.04 

33324.88 
32693.87 
30538.54 
27876.12 

26464.8 
26443.78 
24285.13 
24267.22 
23280.95 

23384.36 
23387.98 
23358.39 
21225.91 
21046.77 
21043.63 

25459.01 
25424.11 
26675.61 
26674.67 

25857.89 
25471.29 
24723.62 
2505149 

25069.69 

25619.08 

25639.92 

25867.56 
26458.18 
26467.5 

26235.94 

2465408 
27001.43 
27004.24 
28013.51 
28028.7 

23184.76 
22192.81 
22919.02 

22499.98 

22211.96 
21244.27 

21784.79 
21171.97 
19298.55 
18531.44 
16470.82 

17395.67 
16191.49 
16676.57 
17001.93 

16343.85 
16346.39 
15183.27 

.1517051 
15146.78 

15358.22 
15373.83 
15542,38 
15021.21 
15736.11 
15716.88 
17JS5.45 

16900.21 
21833.81 
21813.16 
21650.14 
21075.73 
21657.34 
21736.64 

21737.04 

21884.35 

21895.03 

22011.41 
21920.11 
21911.04 
20984.59 
21366.92 

18959.25 
18977.16 
19594.61 
19594.29 

- - - - - - - - - - -

3 

- - - -
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5 
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5 

5 
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S 
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Well Risk Infonnation 

WELL MetalJlsk OILRsIc Ra(CRsk TRU_Rsk Total_Rsk Ra(C% 
98.97 
94.85 . 

Met_% TRU_% OIL% 
952 O.OOE+OO 4.49E·07 4.30E.OS O.OOE+oo 4.34E"()5 o 0 1.03 
9S3 OOOE+OO ~7 S.llE-06 O.OOE+OO 8.6SE-06 o 0 5.15 

954 O.OOE+OO [ 1.70E..(I2 3.68E+t 

955 O.OOE+OO 11.97E+t 6,45E+t 

956 O.OOE+OO 8.S7E"()7 7.41E+t 

957 O.OOE+OO 4.92E..07 7.92E..(I3 

958 O.OOE+OO I 6.38E..(I2 1.05E..o2 

959 OOOE+OO O.OOE+OO •. ~....-vJ 

960 OOOE+OO 6.4QE . .Q1' 1.06E+t' 
961 O.OOE+OO O.OOE+OO 
962 O.OOE+OO O.OOE+OO • .vJ...-vJ 

440' 2.S4E+t' o.OOE+ool 3.11E..(I21 
44\ O.OOE+OO O.OOE+OO - --- _. -468 
472 

476! 
513 
514 

516 

517 
518 

O.OOE+OO 
O.OOE+OO 

142E·05 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

o.OOE+ool 
O.OOE+OO 

O.OOE+OO O.OOE+OO 2.SIE·06 

O.OOE+OO O.OOE+OO, 1.64E+t' 
O.OOE+OO O.OOE+OO 

O.OOE+OO 1.74E..(I2 

O.OOE+OO 8,42E+t 

O.OOE+OO 7.42E+t 

O.OOE+OO 7.92E..(I3 

2.09 

76.63 

99.88 

99.99 

o 0 97.91 

o 0 23.37 

o 0 0.12 
o '0 0.01 -Q.ooE+ool 6.alE..(I21 15.97 0 

O.OOE+OO 2.66E·OS 100 0 

O.OOE+OO' 1.07E+t' 99.4 0 
O.OOE+OO 3.39E"()5 100 0 
O. OOE +00 2 OSE"()S 100 0 

7.92E·OS 3.15E..(I2 98.96 0.79 
148E-06 6.15E+t 98.78 0 

4.28E·06 2.01E+t 16.95 80.92 
5.97E·06 

6.40E·0 

9.90E·06 
O.OOE+OO 

9.57E·061 
1.48E·05 

90.39 

97 

80.48 
100 

81.91 

3835 
100 

9\.88 

9.37 

1.04 

o 
o 

o 8403 

o 0 
o 0.6 
o 0 
o 0 

0.25 0 

1.22 0 

2.13 0 
0.24 

0.36 

19.52 

o 

519 

520 

521 

S22 
523 

O.OOE+OO O.OOE+OO "''''''''''''1 "~"~I ·· ............ 1 
O.OOE+OO O:OOE+OO' 1.01E+t . .. . _. . 

100 

0.49 

100 

10.71 

o 
o 
o 
o 
o 
o 
o 

o 
1.38 

61.65 
o 

8.12 
o 

99.51 

o 
10.07 

0.8 

10.68 
1.2 

13.53 

3.1 

0.47 

1.59 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

5241 
m 
526 

O.OOE+OO OOOE+OO 

~ S.46E·06 
O.OOE+OO O.OOE+OO 
O.OOE+OO 280E..()5 

6.07E·05 

I.4SE.oS 
2.3IE"()5 

708 O.OOE+OO O.OOE+OO 4.77E.o5 

71S O.OOE+OO OOOE+OO, 2.87E+t' 

716' 1.32E+t' O.OOE+OO 1.75E·05 
963 3.2SE·05 O.OOE+OO 9.7IE·06 
964 O.OOE+OO S93E·06 2.19E"()5 
965 O.OOE+OO 1.91E·05 2.80E"()S 
966 O.OOE+OO O.OOE+OO 1..59E.oS 

967 O.OOE +00 O.OOE+OO 1.04E..04 

968 O.OOE+OO O.OOE+OO 3.30E+t 
969 O.OOE+OO 14.00E+t 2.19E..o2 
970 O.OOE+OO O.OOE+OO 1.32E..03 

971 O.OOE+OO O.OOE+OO 1.37E..03 

972 O.OOE+OO O.OOE+OO 5.25E+t 

913 OOOE+OO 11.30E..o3 2.80E..o1 

974 O.OOE+OO 7.69E..()7 9.07E..o2 
975 O.OOE+OO 11.91E..o3 9.33E..03 

6,99E-01, •. vv .. ~, 

5.56E"()7 

8993 

9.79 

89.32 
44.68 
86.47 

96.9 

11.65 

2271 
J.I2E-06 
1.20E-06 
6.67E·07 

8.36E·0 

1.49E-06 

6.62E·06 
1.14E·06 

8.84E..() 

2.20E-06 
1.05E"() 

7.2IE·06 
4.40E.06 

290E·05 75.66 
4.84E·05' 57.99 
1.65E"()S 95.97 -7~.04E+t 

) 3.32E+t 

5 2.23E..o2 
5 1.32E..03 

7 1.37E..o3 

5 5.27E+t 

5 2.81E..o1 

5 9.07E..o2 

5 1.12E..o2 

.• ..r . . '.'." 

99.2 

99.5S 

98.2 
99.91 

9994 
99.58 
99.6 

99.99 

. 83.01 

8853 

o 
o 
o 
o 

87.88 

75.99 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

U 
3.86 
2.47 
4.03 

0.8 

0.45 

0.03 
009 

0.06 
0.42 

o 

0.88 

o 
54.12 

o 
o 
o 
o 

20.48 
39.54 

o 
o 

'0 

1.77 

o 
o 
o 

0.39 

0.01 0 
0.04 16.95 

ALIAS BASTING NORTHING 

29·18·7 

29·18· 7 

29·18· 7 

28670.76 
28686.09 

29252.93 

29239.15 

28935.51 

28861 
28857.05 

28682.44 

28674.37 
27371.l8 
27387.52 

29382 

29604 
28m 
29914 

30532 

29209 
29537 

29324 

29m 
29667 

29733 

30024 

29918 

29805 

29703 

30163 

30279 
29878 

2926452 

29589.45 

29205.l!6 

29700.02 
30100.95 
300n.06 
30202.04 

30447.16 

30573.52 

30610.4 
30614.63 

. 30380.97 

29852.63 
29841.49 

29425.68 
29013.7 

19597.79 
19594.13 

19252.06 

19243.54 

19123.n 
18908.93 

18900.37 

18n9.07 

18742.04 

18799.18 
18809.05 

17280 
17822 
17457 
18026 

17265 

18440 
1f452 
18679 
i8937 
18752 

18573 

18681 

18896 

19040 

19220 

19012 

18871 
18416 

18778.57 

18752.99 

18535.n 

19045.24 
18844.95 
1839853 
1833279 

18179.87 

17803.81 

17371.21 
17350.89 

16982.1 

16891.93 

16891.15 

16972.92 
16984.39 

- -
4 

> 
~ 

-
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5 
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5 
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5 
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5 

-

WELL MetatRsk Or&..Rsk 
976 0.00£+00 0.00£+00 
m 0.00£+00 11.OIE.o3 
978 3.15£.05 11.95E.o1 
979 
980 

981 

982 
983 
984 

1105 

1106 
1101 

1108 
4113 
4114 
4115 
4116 
4173 

4174 

4175 

4116 
4177 
4178 
4179 
4179 
4180 
4185 
4188 
4189 
4190 

419 

4193 

419S 

4198 

4199 

420 

420 

420 

4204 
420 

4206 

420 

420 

4209 

421 

• 

I 
2 

3 

5 

7 

8 

1 

-

000£+00 6.32£-07 
0.00£+00 0.00£+00 

0.00£+OO'3.15E.04' 
OOOE+OO 3.41E·06 
3 2SE-OS 4 91 £·06 
9.47E-OS 0.00£+00 
0.00£+00 0.00£+00 
O.OOE+OO 162E-OS 

0.00£+00 O.OOE+OO 

O.OOE+OO 0.00£+00 
1.30E.04 O.OOE+OO 
1.93E.04 6.39E.04 
1.32E.04 •. 71E·06 

7.42E-OS 2.74E·05 
0.00£+00 0.00£+00 

0.00£+00 000£+00 
0.00£+00 O.OOE+OO 
0.00£+00 0.00£+00 
0.00£+00 O.OOE+oo 
O.OOE+OO O.OOE+oo 
0.00£+00 O.OOE+OO 
0.00£+00 0.00£+00 
O.OOE+OO 0.00£+00 
0.00£+00 0.00£+00 
0.00£+00 0.00£+00 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
0.00£+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+OO OOOE+OO 
O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+oo 

0.00£+00 O.OOE+OO 
O.OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 

0.00£+00 0.00£+00 

O.OOE+OO 0.00£+00 

0.00£+00 O.OOE+OO 
O.OOE+oo 0.00£+00 

O.OOE+OO 0.00£+00 
0.00£+00 0.00£+00 

- -

Well Risk Information 

Rad Rsk TRU_Rsk Total Rsk Rad_% Met_% TRU_% Org_% ALIAS EASTINO NORTHING 
6.91E.o3 

7.64E.o3 
1.43E.o3 

6.99E-05 
2.02£-05 

1.38E.o3' 
8.81£-05 
4S8E-05 
2.2IE-OS 

2.38E.o3 

2.08E.o3 
6.28E.oS 

3.31E.o2 
1.96E.04 
3.01E.03 
2.57E.o3 
2.98E.04 

9.83E.o1 
7.83E.o1 
1.00E+OO 

6.84E.o2 
3.12E.o2 
2.32E.o1 
2.34E.oS 
1.00E+OO 
1.19E.o1 
1.17E.o1 
1.11E.o1 
2.17E.o3 
7.97E.o2 

2.95E.o1 

".35E.o1 
5.12E.o1 

2.57E.o1 

1.57E.o1 

3.57E.o1 

2.45E.o1 

1.45E.o1 

3.35E.o1 
7.01E.o2 

7.35E.o1 

9.71E.o1 

".78e.o1 
8.83e.o2 
1.00E+OO 

-

2.51E-06 1.91 E.o3 99.96 0 0.04 0 28994.24 
HOE-07 8.70E.oS 87.83 0 0,0) 12.16 28444.1 

28749.92 

28746.51 
28970.82 
28978.97 

29195.34 
29402.21 

29411.99 
28600.311 

I.29E·06 1.91E.o1 0.66 0.01 0 99.33 

853E·07 
1.23£.06 

151£-06' 
1.73£-06 
141£.06 

1.98£·06 
O.OOE+OO 

2.51E·06 
O.OOE+OO 
7.40£·06 

2.82E-06 
1.02E.o1 

9.S3£-08 

4.61£·06 
0.00£+00 

0.00£+00 
0.00£+00 
OOOE+OO 
O.OOE+OO 
O.OOE+OO 

1.00E+OO 

0.00£+00 
000£+00 
000£+00 
0.00£+00 
0.00£+00 

3.86E.o3 

O.OOE+oo 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

0.00£+00 

O.OOE+OO 

O.OOE+oo 
U9E.o2 

1.80E.o2 
O.OOE+OO 

1.75E.04 
O.ooE+OO 
0.00£+00 

1.17E.o1 
O.OOE+OO 

-

7.14£-05 
2.I5E-OS 

1.69E.03' 
9.33£-05 
846E-OS 

1.19E.04 

2.38E.oS 
2.12E.o3 

6.28E.oS 
3.31E.o2 

8.29E.04 
1.06E.o1 
2.70E.o3 

4.05E.04 
9.83E.o1 
7.83E.o1 
1.00E+OO 

6.84E.o2 
3.12E.o2 
2.32E.o1 
1.00E+OO 
1.00E+OO 
1.19E.o1 
1.17E.o1 
1.11E.o1 

2.17E.03 
8.32E.o2 
2.95E.o1 

".35E.o1 
6.12E.o1 

2.57E.o1 

1.57E.o1 

3.57E.o1 

2A5E.o1 

1.58E.o1 

U7E.o1 
7.01E.o2 

7.35E.o1 

9.71E.o1 
4.78E.o1 

1.95E.o1 
1.00E+OO 

-

97.92 
94.29 

81.32 
94.48 
54.12 
18.65 

100 
98.17 

100 
99.98 

23.69 
2.69 

95.0S 

73.75 

100 
100 

100 
100 
100 
100 

0.02 

100 
100 
100 
100 
100 

9S.S6 

100 

100 

100 

100 

100 

100 

100 
91.26 

95.14 

100 

99.95 
100 

100 
42.52 

100 

o 
o 
o 
o 

38.41 
79.69 

o 
o 
o 
o 

75.97 

0.17 

4.88 
18.33 

o 
o 
o 
o 
o 

1.2 
5.71 

0.09 

186 
1.67 

1.67 
o 

012 
o 

0.02 

0.34 
96.57 

o 
1.14 

o 
o 
o 
o 
o 

o 0 

o 99.98 
o 0 

o 0 
o 0 

o 0 

00 
o 4.44 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 8.74 

o 4.26 

o 0 
o 0.05 

o 0 

o 0 

o n.48 
o 0 

- -

0.89 
o 

18.59 
3.66 
5.8 
o 
o 

1.71 

o OHF_3 

o OHF_4 

o 05MW002 
0.57 OS.MW005 
0.06 05.MWOO6 
6.78 OS.SBOIO 

o OS.MWOIS 
o 05.MW016 

o OS.MWOI7 

o 05MWOl8 
o OS.MWOI9 
o OS.MW020 

o OS.MW021 
o 
o OS.MW022 
o OS.MW024 
o OS.MW025 
o OS.MW026 

o 05.MW021 

o 05.MW028 

o OS.MW029 

o OS.MW030 

o OS.MW032 

o OS.MW033 

o OS.MW034 

o OS.MW03S 

o OS.MW036 

28504.8 
28496.78 

28519.01 

29280 
29630 

30103 
28753 

29007.83 
29039.48 

29062.41 
2910S.15 
29119.98 
29145.88 

29466.35 
29466.3S 

29485.75 
29529.03 
29554.02 

29586.69 

29605.09 

29636.96 

29663.61 

29686.82 

29725.54 

29743.82 

29750.57 

29770.4 

2978711 

o 05.MW037 29805.36 
o OS.MW038 29827.3 

o OS.MW039 29859.81 
o OS.MW04O 29879.74 

o OS.MW04J 29894.68 
o OS.MW042 29923.08 
o OS.MW043 29941.29 

- -

16978.44 

17084.35 

17729.8 

17740.81 
18204.96 
18225.49 

18513.55 
18803.88 

18819.93 
17325.24 

17236.06 
17298.86 

17339.13 
18250 
17422 
17249 

17398 
17071.51 

17061.87 

17064.41 
17054.96 
1705212 
17045.86 
1705l.83 
17051.83 

17045.15 
11053 .• 

17046.22 
17040.48 
17025.73 

17018.91 

11015.99 

17012.81 

17042.41 

17027.99 

11004.27 

16998.56 

16998.01 

16986.22 
16990. IS 

1701003 

1699153 

169969 
17013.06 
17014.32 

-

5 

- - - -
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5 
5 

5 

5 
5 

5 

5 

5 

5 
~ 

5 

5 

5 
5 
5 
5 

5 
5 
5 
5 

5 

5 

5 

5 

5 

5 
5 

5 

5 

5 

5 

- - -
WELL MetatRsk Or&..Rsk 

4212 O.ooE+oo o.OOE+ool 

4213 O.ooE+OO O.ooE+oo 
4214 O.ooE+oo O.ooE+oo 

4216 O.ooE+oo O.ooE+oo 

4218 O.ooE+oo O.ooE+oo 

4219 O.ooE+oo O.ooE+oo 

4221 O.ooE+oo O.ooE+oo 

4224 O.ooE+oo O.ooE+OO 

4225 O.ooE+oo O.ooE+oo 

4226 O.ooE+oo O.ooE+oo 

4227 O.ooE+oo 0.00£+00 

4228 O.ooE+oo O.ooE+OO 

4230 O.ooE+oo O.ooE+OO 

4231 O.ooE+oo O.ooE+oo 

4233 O.ooE+oo O.ooE+oo 

4235 O.ooE+oo O.ooE+oo 

4238 

4239 

4240 

4241 

4242 

4243 

4244 

4245 

4246 

4247 

4248 

4249 

4250 

4251 

4252 

4253 

4254 

4255 

4256 

4257 

4258 

4259 

4260 

4261 

4262 

4263 

4264 

4265 

O.ooE+oo O.ooE+oo 

O.ooE+oo 0.00£+00 

O.ooE+oo O.ooE+oo 

O.ooE+oo O.ooE+oo 

0.00£+00 O.ooE+oo 

O.ooE+oo OooE+oo 

O.ooE+oo O.ooE+oo 

O.ooE+oo O.ooE+oo 

0.00£+00 O.ooE+oo 

O.OOE+oo O.ooE+oo 

O.ooE+oo O.ooE+oo 

O.ooE+oo O.ooE+OO 

0.00£+00 OooE+oo 

O.OOE+oo O.ooE+oo 

O.ooE+oo O.ooE+oo 

0.00£+00 0.00£+00 

O.ooE+oo O.ooE+oo 

O.ooE+oo 0.00£+00 

O.ooE+oo O.ooE+oo 

O.ooE+oo O.ooE+oo 

O.ooE+oo 0.00£+00 

O.ooE+oo O.ooE+oo 

O.OOE+OO O.OOE+oo 

O.ooE+oo O.ooE+oo 

0.00£+00 O.ooE+oo 

0.00£+00 0.00£+00 

O.ooE+oo O.ooE+oo 

O.ooE+oo O.ooE+oo 

-

1.69E.o3 

1.99E.o3 

Z.34E.o3 

3,43E-04 

Z.03E-04 

1.48E.o3 

1.07E.o1 

1.08E.o1 

3.1ge.o1 

3.7ge.o1 

Il.S3e.oZ 

1.71E.o3 

7.17E-04 
1.91E.oa 

9.04E.oz 

1.17E.o1 

1.46E.o1 

1.37E.o1 

1.10E.o1 

8.66E-02 

1.46E.o1 

1.34E.o1 

9.12E.oz 

1.19E.o1 

1.47E.o1 

2.4SE.o1 

2.16E.o1 

1.40E.o2 

3.91E.o2 

8.12E.o3 

1.26E.o2 

3.76E-04 

2.40E.o3 

3.07E-04 

4.59E.03 
3.65E.o3 

7.66E.o3 

8.45E.o3 

6.91E.oS 

6.61E.o3 

1.68E.o2 

- - - - - - - -
Well Risk Infonnation 

TRU Rsk Total Rsk Rad % Met % TRU % Or&..% ALIAS EASTING NORTHING 
O.ooE+oo! 1.9BE.o1! 100 - 0 - 0 0 05.MW044 29955.19 17014.81 

O.ooE+oo 6.I3E"()5 100 0 0 0 05.MW045 29965.87 11026.46 
O.ooE+oo 7.04E"()5 100 0 0 0 05.MW046 29977.39 1102S.91 -O.ooE+oo i 1.69E.o31 

O.ooE+OO 1.99E.oS 

O.ooE+oo 2.34E.o3 

0.00£+00 3.43E-04 

O.ooE+oo 2.03E-04 

OooE+oo 1.48E.oa 
l. 

000£+00 1.07E.o1, 

o.ooE+oo 1.08E.o1 

O.ooE+oo 3.19E.o1 

0.00£+00 3.79E.o1 

5.15e.oZ 1.02e.o1 
O.ooE+oo 1.71E.o3 

O.ooE+oo 7.17E-04 

S.22E.oa 5.13E.o3 

4.13S.o3 9.42E.o2 

1.19E.o3 1.18E.o1, 

0.00£+00 1.46E.o1 

0.00£+00 . 1.37E.o1 

O.ooE+oo 1.10e.o1 

0.00£+00 8.66e.oZ 

O.ooE+oo 1.46E.o1 

O.ooE+oo 1.34E.o1 

2.13E-04 9.14E.oZ 

O.ooE+oo 1.19E.o1 

O.ooE+oo 1.47E.o1 

000£+00 2.43E.o1 

O.ooE+oo 2.16e.o1 

0.00£+00 UOE.o2 

0.00£+00 3.91E.o2. 

0.00£+00 8.12E.o3 

O.ooE+oo 1.26E.o2 

. O.ooE+oo 3.75E-04 

O.ooE+oo 2.40E.o3 

0.00£+00 3.07E-04 

O.ooE+oo 4.59E.o3 

O.ooE+oo 3.65E.(I3 

000£+09 7.66E.o3 

O.ooE+oo 8.45E.o3 

O.ooE+oo 6.91E.o3 

O.ooE+oo 6.61E.oS 

0.00£+00 1.68E.oZ 

I::J :4~.j·,'~i!~,4,.l~ 

100 0 0 0 05.MW041 29951.46 11058.35 

100 

100 

100 

100 

100 

100 

100 

100 

100 

50.86 

100 

100 

37JI 

9S.83 

99.05 

100 

100 

100 

100 

100 

100 

99.78 

100 

100 

100 

100 
100 . 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

ioo 

100 

100 

o 0 
o 0 
o 0 
o 0 
o 0 
o 0 

o 0 
o 0 
o 0 
o 49.14 

o 0 
o 0 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

.0 
o 
o 
o 
o 

62.69 

4.17 

0.95 

o 
o 
o 
o 
o 
o 

0.22 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 05.MW048 30384.64 

o 05.MW049 30395.37 

o 05.MW05O 30399.61 

o 05.MW051 30404.48 

o 05.MW052 30414.13 

o 05.MW053 304349 

o 05.MW054 3042764 

o 05.MWOSS 30429.44 

o OS.MW056 3044106 

o OS.MWOS7 30448.82 

o OS.MWOS8 3043S.29 

o OS.MW059 30455.08 

o 05.MW06I 

o OS.MW062 

o OS.MW063 

o OS.MW064 

o 05.MW065 

o 05.MW066 

o OS.MW067 

o OS.MW068 

o OS.MW069 

o 05.MW070 

o 05.MW01J 

o 05.MW072 

o 05.MW073 

o 05.MW074 

o 05.MW075 

o 05.MW076 

o 05.MW077 

o 05.MW078 

o 05.MW079 

o 05.MW080 

o OS.MW081 

o 05.MW082 

o OSMW083 

o OS.MW084 

o OS.MW08S 

o 05.MW087 

o 05.MW088 

o OS.MW089 

30489.9 

30514.57 

29505.53 

29586.27 

29623.04 

29726.42 

29768.07 

29703.74 

29644.97 

29716.1 

29781.43 

29831.3 

29850.49 

2979O.0S 

29978.55 

29942.28 

28008 .• 

27988.1 

27979.39 

28069.6 

28099.67 

28148.57 

28173.27 
28168.05 

2826S.99 

2822S.43 
28182.28 

28405.63 

17114.56 

17129.31 

17143.29 

17I51.19 

1113319 

1714945 

1716162 

17180.15 

17192.83 

17203.95 

17266.11 
17265.08 

1725138 

17247.29 

16900.22 

1 6849.5S 

16804.72 

16724.62 

16154.18 

16789.86 

16857.93 

168695 

16803.97 

16764.82 

16806.8 

1685606 

16789.29 

1684286 

16887.1 

16922.3 

16996.05 

16951.1 

16895.24 
11006.46 

16950.61 
17036.65 

16964.03 

17\16.8 

17107.55 

16957.02 

- -
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-

> 
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WAG 

5 

5 

-

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
5 

5 

5 
S 
5 
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6 

6 

6 

6 
6 
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6 
6 

6 

6 
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W <11 Risk information 

WELL MetaUtsk Or&...Rsk R&d R.sk TRU_Rsk ToI.aI Rsk Rad_% Mel_% TRU_% O!L.% ALIAS £ASTING NORlllING 

-

4266 0.00£+00 0.00£+00 

4267 0.00£+00 0.00£+00 

4268 0.00£+00 0.00£+00 

4269 0.00£+00 0.00£+00 

4210 0.00£+00 0.00£+00 

4211 0.00£+00 0.00£+00 

4212 0.00£+00 0.00£+00 

4273 OOOE+OO 0.00£+00 

4214 0.00£+00 0.00£+00 

4215 0.00£+00 0.00£+00 

4276 0.00£+00 0.00£+00 

4211 0.00£+00 0.00£+00 

4278 OOOE+OO 0.00£+00 

4281 

4282 

4283 

4284 

428S 

4286 

4287 

4289 

4290 

4291 

4294 

429S 

4296 

4291 

4298 

4299 

4300 

4301 

3.11Eo02 

2.27Eo02 

3.56E..o2 

9.48Eo03 

S.47E..oa 

6.2SEo03 

1.44E..o2 

4.61E-G2 

4.80E-G2 

1.0SE-G2 

1.68Eo02 

1.24E-G2 

6.a9E-G3 

1.32Eo02 

2.51Eo03 

6.26Eo03 

6.59Eo03 

1.68E-G3 

1.18E..o3 

4.68E-G4 

7.96E-G4 
8.88E-G3 

1.25Eo02 

4.05Eo01 

7.63Eo02 

6.62Eo03 

1.27Eo02 

1.23Eo02 

1.43E-G1 

1.67E-G2 

1.21E-G2 

3.11E..o2 O.OOE+OO 100 0 0 0 05.MW09O 28460.37 16933.88 

2.27E-G2 O.OOE+OO 100 0 0 0 05.MW091 28456.86 16984.1 

3.66Eo02 O.OOE+OO 100 0 0 0 05.MW092 28523.35 16975.6 

9.48Eo03 O.OOE+OO 100 0 0 0 OS.MW093 28516.36 16943.62 

9.47E..o3 O.OOE+OO 100 0 0 0 05.MW094 28520.57 16899.12 

6.29E..o3 O.OOE+OO 100 0 0 0 OS.MW095 28589.62 16970.S3 

1.44E-G2 O.OOE+OO 100 0 0 0 OS.MW096 28S91.69 1690S.25 

4.61Eo02 O.OOE+OO 100 0 0 0 05.MW091 28618.47 16928.54 

4.80E..o2 0.00£+00 100 0 0 0 05.MW098 28692.61 16904.IS 

1.09E-G2 O.OOE+OO 100 0 0 0 OS.MW099 28457.48 17032.5 

1.68E..o2 O.OOE+OO 100 0 0 0 05.MW100 28406.26 17010.61 

1.24E..o2 0.00£+00 100 0 0 0 OS.MWIOI 27982.S 16914.7 

6.39Eo03 0.00£+00 100 0 0 0 OS.MWI02 27983.7 16914.8 

O.OOE+OO 

O.OOE+OO 

0.00£+00 

0.00£+00 

O.OOE+OO 

000£+00 

0.00£+00 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

0.00£+00 

1.a2E-G2 

2.61E..o3 

6.26E-G3 

6.59Eo03 

1.68E..o3 

1.18Eo03 

4.68E-G4 

7.96E-G4 

8.88Eo03 

1.26Eo02 

4.05Eo01 

7.63E-G2 

5.62Eo03 

1.27E..o2 

1.23E-G2 

1.43E-G1 

1.57Eo02 

1.21Eo02 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o OS.MWI03 

o 05.MWI04 

o OS.MWIOS 

o OS.MWI06 

o 05.MW107 

o 05.MWI08 

o 05.MWI09 

o OS.MWllI 

o OS.MWII2 

o 05.MWIl3 

o 05.MW1I6 

o OS.MWIl1 

o OS.MWIl8 

o OS.MWI19 

o OS.MWI20 

o OS.MWI21 

o OS.MWI22 

o 

28009.3 

27999.9 

28000.1 

28034.8 

28020.1 

28026.4 

29084.38 

29031.62 

2904I.SI 

29051.7S 

2905418 

29059.28 

29239.07 

21981.82 

27980.95 

2798025 

27980.14 

16922.7 

169102 

16933.4 

16930.4 

16942.S 

16911.7 

17025.S 

16979.22 
16976.76 

16913.12 

16943.48 

16943.41 

17047.55 

16916.43 

16918.51 

16920.39 

16922.27 

745 

831 

832 

833 

0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+OO 

0.00£+00 0.00£+00 

0.00£+00 O.OOE+OO 

0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 

O.OOE+OO 0.00£+00 

0.00£+00 0.00£+00 

O.OOE+OO 0.00£+00 

0.00£+00 O.ooE+oo 

O.OOE+OO 0.00£+00 

O.OOE+OO 0.00£+00 

O.OOE+OO 0.00£+00 

O.OOE+OO 0.00£+00 

O.OOE+OO 0.00£+00 

O.OOE+OO OOOE+OO 

O.OOE+OO O.OOE+OO 

4.06E-G4 4.6IE-07 

1,48E..o3 6.64E-06 

2.68E-G4 2.88£-06 

1 54£-OS 0.00£+00 

2.9OE-05 0.00£+00 

1.44£-05 0.00£+00 

4.22E-G4 

1.52Eo03 

2.75E-G4 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

3.64 

191 

522 

3.91 

0.11 23·16- 7 

0.44 

1.05 

4.06E-G4 1.36£.05 1.13£-05 000£+00 

83S 1.22E-G4 !.67E·OS 3.93£.OS 

836 1.09E-G4 9.70E-OS 1.42E-05 

837 2.64E-G3 lO7E.07 9.1OE-06 

838 2.92E-G4 4.17E·06 4.08E-05 

839 3.29E-G4 2.84E-06 3.92E-OS 

840 1.39E..oa 2.34E·06 2.73£-05 

0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 

O.OOE+OO 

0.00£+00 

0.00£+00 

4.37E-G4 

1.78E-G4 

2.20E-G4 

2.55E-G3 

3.37E-G4 

3.71E-G4 

1.42E..oa 

1.29Eo03 

22.01 

6.48 

0.38 

12.11 

10.56 

3.11 

9.41 

8411-1~.O~2~E~-G~3~6~.2;;3;.£-06~!-;2':.;;;6~6E;.-G4~ 
842 8.66E-G4 2.S2E-G4 S.3SE-G4 000£+00 1.65E-Ga 

1.91 

20.53 

32.39 

51.64 

96.2S 

91.65 

9313 

92.92 

68.52 

49.39 

99.61 

86.65 

88.67 

9792 

18.99 

52.39 

48.14 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

44.13 

0.01 

L24 

o.n 
0.16 

0.48 
15.22 

0.22 

23808.3 

24133.5 

24096.7 

23842.4 

23951.8 

24138.8 

24352.6 

24934.8 

249236 

25251.7 

2S294.8 

25298.4 

25221.4 

16067.8 

17387.4 

1738S.6 

16056.9 

1S767.7 

15748.2 

I 584S.6 

16308.7 

16308.8 

16928.6 

17206.3 

17216.1 

17597.1 843 1.60Eo03 6.96£-06 1.61Eo03 O.OOE+OO 3.12E..oa 

- - - - - - - - - - -
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6 
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6 

6 

6 

6 

6 

6 

6 

6 

6 

6 
6 

is 
6 

6 

6 

6 

6 

6 
6 

6 
/; 

6 

6 

6 

6 

6 
7 

7 
7 

7 

·7 

7 

7 
7 

7 
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Well Risk Information 

WELL Metal Rsk Or&..Rsk R&d Rsk TRU_Rsk Total Rsk R&d_% Met_% TRU_% Or&..% 
844 
84 

846 

84 

84 

849 

850 

85 

85 
85 

854 

85 

85 

85 

85 

85 

86 

122 
122 

122 

122 

1229 

123 
123 

1234 

) 

5 
1 

! 

~ 

) 

I 

! 
I , 
) 

5 , 
I 
) 

) 

i 

5 , 
! 
) 

I 

I 

3_00E.04 8.30E-061 1.09E.04 

3.76E.04 4.29E-06 5.11£-05 

2.54E-D3 3.04E-06 2.JSE"()S 
3.67E.04 990E..()7 1.16E.04 

2.86E.04 4.63E-06 4.95E-D3 

2.93E.04 2.17E-03 3.0BE-03 

2.79E.04 3.24E-05 5.55E-05 

3.29E.04 4.4OE"()5 6.00E·05 

4.67E.04 9.05E"()S 6.91E·05 
2.95E.04 2.41 E.041 9.98E-06 

2.89E.04 4.27E.041 2.83E.04 

7.81E.04 2.2IE.06 8.78E-06 

9.46E-04 7.26E-06 3.4IE·05 

9.48E-04 351£·06 USE·05 
1.20E-oa 2.62E-06 7.61£·06 

2.03E-04 3.01£·07 I. 56E-05 

1.41E-04 1.49E-06 1.4OE-05 

2.73E.04 4.53E.041 5.16E-oa 

2.03E-04 7.69E-01 1.90E"()5 

O.OOE+oo 3.94E-04 9.69£-06 

3.53E.04 4.62E-04 7.54E"()5 

1.53E-04 6IZE·06 3.21E.04 

2.24E-04 1.69E·07 1.23E.04 

4.83E-04 2.67E-03 7.73E.04 

0.00£+00 3.24E·06 3.3IE·OS 

OOOE+OO U7E.04 2611 7\.9 0 1.99 

O.OOE+OO 4.32E.04 11.98 8703 0 0.99 

O.OOE+OO 2.56E-D3 084 99.04 0 0.12 

O.OOE+OO 4.74E.04 24.57 75.22 0 0.21 

O.OOE+OO 6_24E-D3 94.46 5.45 0 0.09 

0.00£+00 5.55E-D3 55.54 529 0 39.17 

O.OOE+OO 3.67E.04 15.1 76.07 0 8.83 

O.OOE+OO 4.33E.04 13.85 76 0 10.16 

O.OOE+OO 6.17E-04 

0.00£+00 6.46E.04 

O.ooE+oo 9.9BE-04 

O.OOE+oo 7.92E.04 

O.ooE+oo 9.B8E-04 

O.ooE+oo 9.63E-04 
1.21E-oa 

2.19E-04 
O.OOE+ool· 
OooE+oo, 

O.ooE+oo 1.57E-04 

102£·0 S 5.90E-03 

4.IOE·0 7 ·2.23E-04 

0.00£+00 J 4.D4E.04 

9.24£·0 7 8.91E-04 

2.25£-06 4.82E-04 

0.00£+00 3.4BE.04 

3.93E-D3 1.15E-06 
0.OOE+001..,,;~3~.64~E~"()~5 

11.2 74.12 

1.83 54.04 

28.35 28.91 

1.11 98.61 

3.45 95.82 

1.2 98.43 
0.63 99.15 

7.1 92.76 

8.94 

8752 

8.52 

2.4 

90.12 

4.62 

90.95 

o 
39.58 

31.66 

64.27 

12.29 

o 14.68 

o 44.13 

o 42.75 

o 0.28 

o 0.73 

o 0.31 

o 0.22 

o 0.14 

0.95 

7.69 

0.34 

97.6 

518S 

- 7.69E·07 2.45E"()5 3.66E..() , 
I. O4E·06 1.11£·05 7.09E-06 

O.ooE+OO 7. 12E.05 O.OOE+OO 

i ~.02E-04 
2.03E.04 

1.02E.04 

2.03E.04 

123 

123 

123 

123 

1240 
124\ 

1242 

1243 

1244 

_ O.ooE+OO 2. I 5E-05 4.63£·06 

1.27E-04 

2.23E.04 

1.73E-04 

2.29E.04 

8.47 

66.61 

35.51 

19.66 

91.09 

19.21 

5.25 

41.2 

9.38 

o 
79.84 

91.11 

58.8 

88.6 

o 

o 
0.17 

0.18 

o 
0.1 

0.47 

o 
0.03 

o 
0.29 

318 

o 
2.02 

248 
819 

2.66 

1.27 

0.22 

6802 

8.91 

0.6 
0.47 

o 
o 
o 

12451 
1249 

10711 
\072 
1073 

1074( 
1015 

10761 
1077 

0.00£+00 O.OOE+OO 2 78E·05 706£"()7 2.85E.05 
O.OOE+oo 2.71£-06 8. l1E"()5 7.48E-06 9. I 3E"()5 

o OOE+OO i31 E·06 '.98E.04 1.J6E-0 i 

O.OOE+oo 1.38E·06 2.32E-03 0.00£+00 

O.ooE+OO 6.49E·06 2.B1E-04 5.61£-06 

~ 2 13E·06 2.22£-05 O.OOE+OO 

6.13E.04 

2.32E-03 

2.93E.04 

1.46E.04 

O.OOE+OO 2.36E-06 1.68E"()5 O.OOE+oo 1.91 E..()5 

1.oSE.041 O.ooE+oo U3E"()5 OooE+ool 1.1BE.041 

4.21£'()5 O.OOE+OO 7.98E-06 O.ooE+oo 5.06£.05 
3.86E"()S O.OOE+oo 3. 26E·05 . O.ooE+OO 1.12E'()S 

1.04E.041 O.OOE+OO DIE·OS o.ooE+oo1 1.17E.041 
4. 31£'()5 O.ooE+OO J.76E.()5· O.OOE+oo • 6.IJE'()5 

1.25E.041 0.00£+001 1.39E-D31 o.ooE+ool 1.51E-031 
5.69E-05 I.90E-06 2.91E"()5 O.ooE+OO 8.79£..()5 

• 

9752 
88.78 

97.09 

99.94 

95.87 

1S.18 

87.67 

11.27 

1575 
45.78 

11.23 

28.76 

9\.73 

33.12 
1078 v.vvc.TVV 'I v ... v ......... I' 100 

O.ooE+OO 8.2SE.04 : 86.46 10791 . --- - '1 

~·.tl:..":"'"w 

o 
o 
o 
o 

83.36 

o 
88.73 

84.25 
54.22 

88.77 

71.24 

8.27 

64.72 

o 
13.54 

o 
1.91 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

3.03 

0.26 

0.06 

2.21 

1.46 

12.33 

o 
o 
o 

o 
o 
o 

2.16 

o 
o 

- - -
ALIAS EASTING NORTIlING 

1234A 

25228.6 

24988.3 

24803.5 

24790.5 

24656,3 

24215.2 

24793.5 

24058.2 

23911.6 

24047.5 

23851.9 

23427.7 

23432.9 

23106.3 
23115.8 

23246.2 

23252.9 

24603.65 

23763.29 

2383821 

23878.8 

24072.69 

24659.86 

24211.9 

25249.05 

23195.49 

23868.74 

23862.43 

22449.09 

25183.89 
25097.59 

25344.78 

25239.04 

25459.01 

25424.11 

25244.09 

27233.93 

26168.99 
26177.24 

2570753 

25697.46 

25858.89 

25815.09 

2561J.69 
25612.66 

17602.5 

17\08.2 

18030.7 

17769.9 

16942.4 

16781.8 

16595.4 

16485 

16346.9 

16695.1 

161\1.9 

16755.3 

16764.4 

16538 
16542.1 

16009.4 

15999.6 . 

In54.77 

\7043.45 

16569.39 

16334.67 

16453.32 

16403.79 

17005.25 

16956.93 

16195.25 

17089.07 

11079 
17013.86 

18066.23 
17913.59 

17367.94 

17085.6 

17155.45 

1690021 

16969.58 

19302.85 

19294.3 
1927061 

18128.06 

18135.02 

17882.74 

17872.01 

17406.94 

17389.59 

- - -

> I --



Table A·I 

- - -

Well Risk Information 

WELL Metal_Rsk Or&..Rsk R.'tRsk TRU_Rsk TOIaI_Rsk Rad_% Met_o/. TRU_% Or&..% 

1080 O.OOE+OO O.OOE+OO 1.57E"()S OOOE+OO 1.'s7E"()S 100 0 0 0 
1081 O.OOE+OO O.OOE+OO 3.'sIE·0's O.OOE+OO 3.S1E·0's 100 0 0 0 
10112 O.OOE+OO O.OOE+OO 3.47E..()'s OOOE+OO 3.47E·05 100 0 0 0 
1083 O.OOE+OO O.OOE+OO 2,83E..()5 O.OOE+OO 2.83E"()5 100 0 0 0 

10841 1.03E-G41 0 OOE +001 2.04E-G41 O.OOE+OO, 3.06E-G4' 66.52 33,48 0 0 
1085 O.OOE+OO OOOE+OO 2.07E"()'s O.OOE+OO 2.07E"()'s 100 0 0 0 
1086 O.OOE+OO O.OOE+OO l.89E"()'s O.OOE+OO 1.89E"()S 100 0 0 0 
1087 O.OOE+OO o.ooE+oo1 6.05E-G41 o.ooE+ool 6.o5E-G41 100 0 0 0 
10811 O.OOE+OO O.OOE+OO 8.62E..()'s O.OOE+OO 8.62E·0's 100 0 0 0 
1089 O.OOE+OO O.OOE+OO 5.92E"()5 O.OOE+OO 5.92E"()5 100 0 0 0 
1090 O.OOE+OO OOOE+OO 3.113E"()5 O.OOE+OO 3.113E·05 100 0 0 0 
1091 O.OOE+OO O.OOE+OO 3.1I0E"()5 O.OOE+OO 3I1OE"()'s 100 0 0 0 
1092 O.OOE+OO O.OOE+OO 1.98E"()S O.OOE+OO 1.911E"()5 100 0 0 0 
1093 OOOE+OO O.OOE+OO 2. 54E"()5 O.OOE+OO 2.54E"()'s 100 0 0 0 
1094 OOOE+OO O.OOE+OO 132E·05 

WAG 

7 
7 
7 
7 

7 
7 
7 
8 

II 
8 
II 
II 
II 
II 
8 
8 

8 
1095 O.OOE+OO O.OOE+OO ..... ~;;.;;;~ 

1096 O.OOE+OO O.OOE+OO~~~~ 

100 
100 
100 
100 

100 
100 

100 
100 
100 

5.26 
100 
100 

o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

II 1097 O.OOE+OO O.OOE+OO....,;.;.;.;. ...... 
\I 1139 O.OOE+OO O.OOE+OO 
11 1140 O.OOE+OO O.OOE+OO 
11 I I~I O.OOE+OO O.OOE+OO 
11 1143 OOOE+OO O.OOE+OO 
II 1144. O.OOE+OO O.OOE+OO 
II 1145' 5.35E-G41 O.OOE+OO 
II 1146 O.OOE+OO O.ooE+OO 
11 1147 O.OOE+OO O.OOE+OO 
II 11411 OOOE+OO 3.07E·07 
11 1149 0 OOE +00 3.07E·07 
11 1246 0.00£+00 O.OOE+OO 
17 1196 O.OOE+OO O.OOE+OO 

8.76E..()6 
2.40E.05 
2.43£·0's 
1.1I0E-05 
2.97E.OS 

3.0IE·0's 
6.33E..()6 
's.76E..()6 
3,27E..()5 
8.55£·0's 
4,05E"()'s 

O.OOE+OO 
O.OOE+OO 
O.OOE+oo 
O.OOE+OO 

OOOE+ooI 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

17 1197 O.OOE+OO OOOE+OO 1.59E·05 O.OOE+OO 
17 1198 
17 1199 
17 1200 

17 1201 

17 1202 
17 1203 

Seep 5NW·I 
Seep 5NW·2 

Seep BIT 

O.OOE+OO O.OOE+OO 4.86E·05 O.OOE+OO 
O.ooE+OO O.OOE+OO 2.36E-05 O.OOE+OO 
O,OOE+OO O.OOE+OO 

OOOE+OO' 6.56E"()3' 
O.OOE+OO 7.13E·06 
O.OOE+OO O.OOE+OO 
5.08E·05 O.OOE+OO 
5.08E·OS O.OOE+OO 
8. 13E·05 3,07E-08 

182E"()5 

IAIIE"()5 

9.47E-06 
1.96E.05 
1.8IE-0's 
325E·OS 

1.77E"()2 

O.OOE+OO 

OOOE+ooI 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

8.76£·06 
1.4OE"()S 
2.43E"()S 
1.80E"()'s 

5.65E-G41 
3,0IE·05 
6.33E..()6 
6.06E..()6 
3.30E"()S 
8. 55E"()S 
4.0SE"()'s 
1.S9E"()S 
486E-05 
2.36E·05 
1.82E"()5 

6.58E"()31 

1.66E"()5 
196E"()S 
6. 89E·0's 
833E"()'s 

1.78E"()2 

94.93 
9907 

100 
100 
100 
100 
100 
100 

0.23 
,S7.03 

100 
26.32 

39 

99.55 
Seep FRENCH ORA 6.62E~ 6.62E"()3 O,OOE+OO O.OOE+OO O.OOE+OO 100 

Seep RS·l 1.71E-G4 2.11E-04 4.06E·0's 4.61E·08 OOOE+oo 80.75 
Seep RS·3 1.11E..03 1.16E..03 4.06£·0's O.OOE+OO O.OOE+OO 96.48 
Seep SW2·1 7 2.90E-G4 3.31E-04 406£"()S I. 54E-O O.OOE+OO 87.68 

Seep SW2·2 II 5.69E-G4 6.30E-G4 6.IOE"()'s I54E"() O.OOE+OO 90.32 
Seep SW2·3 5.0IlE.0's O.OOE+OO l.S5E"()'s O.OOE+OO 6.63E"()5 23.311 
Seep SW2-4 O.OOE+OO 1.38E.071 1.66E"()31 o.ooE+oo1 1.66E"()31 99.99 

94.74 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

73.68 
61 

0.45 

o 
19.23 
3,52 

12.27 

968 
76.62 

o 

5.07 
0,93 

o 
o 
o 
o 
o 
o 

99.17 

42.97 
o 
o 
o 
o 
o 

0.02 

o 
0.05 

o 
o 

001 

ALIAS EASTING NORTIlING 

25971.36 
2632267 
26347,S8 
27175.92 
278's2.14 

27858.72 
28117.01 

29497.73 
30367.64 
31431.76 
31441.9,S 
32186.4 

32378.93 
32402.19 
31329.16 
3132,S24 

31549.54 
31506.26 

28700.7 
28111.21 
28148.9 

27569.56 
27421.61 
27674.96 
28337.71 
28354.41 
29698.7 

29702.28 
27501.53 
37553.85 
3763394 
37984.98 
37967.59 
36317.79 

36414.64 

36414.17 
36272.97 
29142.11 
29252.2 

27633.71 

24480.17 
26107.92 

25465.98 
28149.05 

29417.34 

28610 
211309.71 

16854.8's 
16919.81 
16911.04 
16997.52 
I 7282.3's 

17299.12 
17454.17 

19935.31 
191's5.72 
19159.16 
19J57.68 
18785.4 

18752.79 
18762.57 
I 6682.8S 

16634.4 

18657.31 
18499.6 

34507.97 
34497.98 
34488.64 
35068.41 
3's339.33 
3,S589.35 

35704.2 
35696.'s 

35000.42 
34973.56 
35090.06 
219811.'s2 
21732.7 

2121415 
21206.'s7 
21339.111 

21566.89 

2158153 
21916.39 
\8623.8's 
18935.78 

19165.14 

1644's.0I 
17951.94 

17275.23 
17293.58 
19302.7's 
\8275,23 

17354.5 

- - - - - - - - - - - -

9 

- - -

~ -N 

-



- - - - - -
TableA·1 

WAG WELL Metal_Rsk 

Seep SW2·5 O.OOE+OO 

Seep SW4-1 8.13E·05 

Seep SW4-2 a 13£..05 

Seep SW5·11 4.06E.05 

Seep SW5·3 4.06E-05 

Seq, SWS-4 4.06E-OS 
Seep . SWS-5 O.OOE+OO 

Seep SW5·6 305£.05 

Seep SW5-7 10SE·OS 

Seep SWS·! O.OOE+OO 

Seep SW5.9 4.06E·05 

Seep SW6-1 2.03E-05 

Seep SW6-2 O.OOE+oo 

Seep SW1·1 4.06E·05 

Secp SW1-2 406E·05 

Seep SW1·3 5.08E-05 

Seep SW1.5 6. lOB-OS 

Seep SW7.6 2.03£-05 

Seep W4TRIB.1I O.OOE+OO 

Seep W4TRIB·5 O.OOE+OO 

Seep W4TRIB·7 0.00£+00 

- - - - - - -
Well Risk Infonnalion 

Or&...Rsk Rad R.sk TRU_Rsk Total Rsk 

O.OOE+oo 1.16E~1 1.16E-01 
16.88E044 5.82E~3 6.49E~3 

12.51E~3 1.14E~2 1.39E~2 

O.ooE+OO 6.33E~1 6.33E~1 

O.OOE+OO 1.18E~2 1.18E~2 

O.OOE+OO 3.57E~1 3.57E~1 

0.00£+00 1.37E~2 1.37E~2 

O.OOE+OO 4.33E~2 4.34E~2 

O.OOE+OO 1.37E-01 1.37E-01 
O.OOE+OO 3.99E~2 3.99E-02 
O.OOE+OO 3.06E~2 3.06E~2 

O.OOE+OO 2.nE044 2.96E044 

0.00£+00 

O.OOE+oo 

O.OOE+oo 

O.ooE+oo 

0.00£+00 

O.OOE+OO 

O.OOE+oo 

O.ooE+OO 
O.OOE+oo 

O.OOE+OO 
O.OOE+oo 

0.00£+00 
O.OOE+oo 

O,OOE+OO 4A6E-05 O,OOE+OOL..;:;B."i'S2~E:--O~5 
O.OOE+oo , 1.85E~3 1.85E~3 

O.OOE+OO 

1.54£·0 
4.6IB-06 

0.00£+00 

7.9OE·06 
0.00£+00 

O.OOE+OO, 

) 

~ 

6.04E-04 
2.86E-04 
4.60E-04 
9.72E-04 
4.49E~2 

2.63E~2 

6.25E~2 

O.OOE+OO 

0.00£+00 

OOOE+OO 

0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 

6.45E-04 
3.36E-04 
6.26E-04 
9.92E-04 
4.49E~2 

2.63E-02 
5.25E~2 

Ra'C!I. Mel_% TRU_% Or&...% 
100 0 0 0 

89.68 t.25 0 9.07 

8\.56 0.58 0 17.86 

100 0 0 0 

99.66 0.34 0 0 

99.99 0.01 0 0 

100 0 0 0 

99.93 0.07 0 0 

99.98 0.02 0 0 

100 0 0 0 

99.87 013 0 0 

93.13 6.87 0 0 

100 0 0 0 

52.33 47.67 0 0 
937 6.3 0 0 

84.9 15.1 0 0 

87.53 11.59 0 0.88 

97.95 2.05 0 0 

99.98 0 0 0.02 

100 0 0 0 

100 0 0 0 

- - - - - -
10 

ALIAS BASTINO NORTHING 
27978,66 16972.89 

28509.08 U1926.61 

28304.05 19015.82 

29932.54 16986.51 

28490.73 16972.48 

29004.49 16935.78 

29371.47 17000 
30527.43 17018.35 

30591.65 11131.62 
30619.17 1721101 
30655.87 17266.05 
2529807 16816.51 

25296.84 1759835 

25518.26 11568.81 
25582.48 17192.66 

26233.85 17114.31 
27845.12 17210.37 

27802.66 18467.89 ~ 27692.94 19131.48 .... 
27956.5 19114.96 w 

27888.84 19115.74 



-

Table A.2 

WAG 

1 
1 

I' 

-

Radionuclide Risk Results by WeD 

WELL CS_1J1 RA_728 SR_9O rn_728 TH_230 TRITIUM TOTAL_RA U_234 AM_241 PU_238 PM_141 TCJ~9 PU_239 PB_210 1(._40 CM_244 
533 O.OOE+OO O.OOE+OO 2.20E-06 4.03E-06 1.6IE-06 2.44E-06 2.52E-06 2.84E-05 
536 O.OOE+OO 8.27E-06 2.5IE-06 2.69E-06 4.22E-01 2.15E-06 O.OOE+OO 4.43E-01 
538 O.OOE+OO 2.02E-05 1.64£-06 2.75E-05 4.64E-06 2.0IE-06 1.41E-05 3.02E-06 O.OOE+OO O.OOE+OO 
$39 0.OOE+OO, ... 16E.Q3, .. A5E-03' 2.41E-06 0.001:'+00 1.53E-05 O.OOE+OO 6.82E-O$ 
540 0.001:'+00 O.OOE+OO I.3IE-06 2.08E-06 2.92E-07 2.22E-06 O.OOE+OO 3.46E-01 
541 1.82E-05'2.02E.04' 1.29E-06 4.21E-06 1.16E-06 1.81E-06 1.3IE-06 1.41E-06 6.83E-08 
543 O.OOE+OO O.OOE+OO 2.23E-06 O.OOE+OO 3.30E-01 2.01E-05 O.OOE+OO O.OOE+OO 
$45 O.OOE+OO 8.96E-05 2.8IE·06 2.06E-06 OOOE+OO 4.13E-06 O.OOE+OO 5.32E-01 .'6.14E-03' 
546 O.OOE+OO 8:6IE-06 O.OOE+OO 4.09E-06 2.32E-01 2.84E-06 8.92E-06 1.9OE-01 
548 O.OOE +00 3.46E-06 
549 0.OOE~r''''1.3'''5!!lE~.04~·' I.83E-06 2.8IE-06 2.OIE-06 4.11E-06 I.OIE-05 I.93E-06 O.OOE+OO O.OOE+OO I. 19E-01 1.31E-07 
550 O.OOE+OO O.OOE+OO 1.8IE-05 3.06E·06 3.12E-06 2.88E-06 O.OOE+OO ., 2.00E-04' 
553 O.OOE+OO O.OOE+OO 2.81E·06 1.11E-06 3.44E-01 2.64E-06 
554 O.OOE+OO O.OOE+OO 2.45E-06 2.38E-06 3.71E-01 2.61E-06 
558 
563 0.00£+00 6.58£-05 2.44E-05 1.05E·06 O.OOE+OO 
564 0.OOE+OO,ri'.84~Ei-.04~'-=2.8~3:::E~.04~' 1.81£-06 598E-07--~~~ 
566 O.OOE+OO 9.03E-05 1.49E-05 2.88E·06 3.13E-01 
571 3.01E-05 U1E-05 2.09E-05 2 tsE-06 4.40E-07~~~!'" 
5n'1.68E.04'2.14E.04' 3.44E-06 1.26E-06 O.OOE+OO 
579 O.OOE+OO O.OOE+OO 4.52E-06 4.34E-06 3.66E·07 6.93E·06 
583 
581 O.OOE+OO 1.I5E-05 1.34E-06 UOE·06 3.06E·07 1.78E-06 
S88 O.OOE+oo 4.38E·06 S.S1E-01 I.66E-06 
589 )9~E-OS~~~!+-~~~ 3.16E·06 U2E·06 404E-05 

590 2.32E-05 1.4OE·06 606E·Ol 2.55E·05 
593 O.OOE+OO UIE-05 2.59E-06 8.28E-07 
596 O.OOE+OO 9.45E-06 6.52E-06 3.4OE·06 7.40E-01 129E-06 
597 O.OOE+OO 2.16E-05 4.04E-05 1.66E·06 O.OOE+OO 5.65E-06 

598 OOOE+oo'1.19E ... ' 6.77E-05 o.OOE+OO O.OOE+OO 8.IOE-06 
599 o.OOE+OO O.OOE+OO 1.07E-06 0.00£+00 O.OOE+OO 6.58E·06 
601 O.OOE+OO, 2.67E.04' 7.36E.04' 2.08E·06 4. 26E-07 3.99E-06 
602 o.OOE+OO O.OOE+OO 2.77E-06 4.23E-06 6.88E-07 1.16E-05 
603 O.OOE+OO 9.95E-05 UOE-05 8.56E·06 1.00E-06 1.00E-05 
604 O.OOE+OO 1.03E-05 1.23E-06 2.9IE·06 5.l9E-01 s.sOE-06 
601 O.OOE+OO 2.31E-05 Ui5E·06 2.89E·07 O.OOE+OO 4.03E-06 

608 O.OOE+OO 5.D2E-05 9.07E-06 I.00E-05 7.01E.Ol' 2.06Eo04' 
610 O.OOE+OO O.OOE+OO 3.35E-06 O,OOE+OO O.OOE+OO 1.95E-06 
611 O.OOE+OO 1.28E-05 6.93E-06 4.48E·06 6.44E-07 8.31E-06 
61l O.OOE+OO, USE.Q4' 3,4IE-05 O.OOE+OO 505E-01 6.14E-05 
618 O.OOE+OO 4.83E-06 UlE-06 1.10E-06 O.OOE+OO 3. 75E-06 

620 O.OOE+OO O.OOE+OO 4,88E-06 O.OOE+OO O.OOE+OO 4,9IE-06 
671 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 5.70E-06 
622 O.OOE+OO 6.57E-06 O.OOE+OO l.80E-06 2.98E·01 1.2IE-06 
623 O.OOE+OO O.OOE+OO 9.22E-01 U1E-06 3.41E-07 U5E-06 
634 O.OOE+OO O,OOE+oo 9.83E-06 3.3IE-06 

806 5.65E-06 .1 1.06E ... ' L65E-06 
801 8.16E-06 3.5 1 E-06 2.5IE-06 
808 HIE-06 2.14E-06 1.26E-06 
809 6.49E-06 7,02E-06 3.36E-06 
810 5.18E-06 2.29E-06 2.62E-06 

- - - - -

O.OOE+OO I.08E-06 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO UIE-01 O.OOE+OO 

5.29E-06 \.27E-06 O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
4.84E-06 9.02E·01 
3.41E-05 J.22E·06 2.32E-06 2.40E·06 

O.ooE+OO 9.44E-07 
O.OOE+OO 1.09E-01 

O,OOE+oo U5E-06 

1.86£-07 
4.31E-08 
8. 46E-08 
\.)4E-01 

OOOE+OO 

$.2I>E-06 1.35E-06 O.OOE+OO O.OOE+OO 1.99E-01 
L 10E-05 4.14E-01 

U6E-06 2.33E-06 O.OOE+OO 2.96E-06 : '2.24E~' 
9.32E-06 2.20E-06 8.52E-06 O.OOE+OO 1.00E-06 
9.32E-06 3.26E-07',.03E.Q4' O.OOE+oo 2.I3E-07 

O. OOE +00 1.21 £-07 9.1SE-08 
2.63E-06 2.69E-01 O.OOE+oo O.ooE+OO O.ooE+OO 2.19E·07 

O.OOE+OO O.OOE+OO 
O,OOE+OO 1.I6E-06 
O.OOE+OO 4.11E-07 
1.44E-05 1.13E-06 217E-06 OOOE+OO 
7.1IE-06 9.64E-07 

1.41E-06 3.39E-01 9.'8E-01 O.OOE+OO 
2.67E-06 1.79E-06 1.46E-06 O.OOE+OO 

O.OOE+OO 7.76E·07 

3.3'E-06 8.97E-01 
4.28E-06 0.00£+00 O,OOE+OO 

2.97E-06 '-8'E-07 
O,OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
1.13E-06 2,20E-06 

O.OOE+OO O,OOE+OO 
O.OOE+OO 
2.04E-06 
3.81E-06 
1,9IE-06 
4,77E-06 

681E-08 

- - - -

O.OOE+OO 
8,19E-08 

O.OOE+OO 
4.9IE-08 
1.61E-01 

O.OOE+OO 

1.47E-07 

O.ooE+OO 

-

.1 6.00E.Q4' 

0,00£+00 

O.OOE+OO 

O.OOE+OO 

- -

4.IOE-05 2.23E-06 

4.0 I E-06 
8.9OE-06 . 

2.HE-06 
2.3IE-06 
2.2IE-06 

- - -

3.18E.Q4 
6.12E.Q4 
1.59E-03 
8.70E-03 
U6E.Q4 
7.21E.Q4 

2.17E-03 
6.604E-03 
2.38E ... 
U6E.Q4 

1.01E-03 
&A6E.Q4 

1.23E-03 
2.53E.Q4 

39OE-01 
l.OSE.Q4 
U2E.Q4 

&.33E ... 
9.50E.Q4 
7.OSE.Q4 
2.10E.Q4 

1.79E-07 
278E-05 
7.07E'" 
9.10E'" 
3;23E-03 
6.11E.Q4 
U9E.Q4 
2A6E-02 
U5E-03 
1.71E.Q4 
1.02E-03 
6.28E.Q4 
1.30E-03 
1.75E.Q4 

) 32E-05 

1.27E-03 
2.21E.Q4 
7A1E.Q4 
3.71E.Q4 
U8E.Q4 

2.29E-05 
191E-05 

U9E.Q4 
2.06E.Q4 

2.26E.04 
6.58E.Q4 
U1E.Q4 

4.66E'" 
2A1E.Q3 

3.14E'" 

- -



- -
Table A2 

WAG 

I 

I 

'1 

1 
2 
2 
2 

2 

- - - - - - - - - -
Radionuctide Rist Ruull! by WeO 

WELL CS_131 RA_228 SR_90 lli_22l1 TH_230 TRITIUM TOTAL_RA U_234 AM_24 I PU_238 PM_141 TC_99 

811 1.64E-05 

812 6.13E-06 

813 2.63E-06 

814 3.50E-06 

815 9.88E-06 

816 5.19E-06 

818 2.66E-06 

819 1.49E-06 

820 5.45E-06 
821 8.27E-06 
822 112E-05 
823 B9E-06 

824 2.96E·06 
825 3.43E-06 

826 8.5SE-06 
827 7.IIE-06 

828 4.10E-06 
829 293£·06 

830 106£·06 

2.81E-06 

, 5.97E-03' 

5.75E-06 

2.24E-06 

1.31£-06 

2.22E-06 

I.38E-06 

4.25E-06 

2.14E-06 
1.83E-06 
2.58E·06 
3.65E-06 

2.32E·06 

3.02E-05 
3.46E-06 
2.73E-06 

2.34E-06 
1.59E-05 

3.14£-05 

8.I3E-07 

1.22E-06 2.14E·06 l.ooE·05 

2.32E·06 

435E-06 

(12E-06 
·1.88E-06 

5.09E-06 

1.75E-06 

9. 18E-06 
3.IIE-06 
1.62E-06 
4.25E-06 

2.59E-06 
3.22E-06 
2.34E-06 

1. 75E-06 

2.44E-06 
203E-06 

408E-05 
1.50E-06 OOOE+OO t •• ",~-v." 

149E-06 0.00£+00' • U_ A.' 

3.4IE-06 . 

H5E-0611.1SE-04' 
6.13E-06 

5.45£·06 

2.04E·06 

6.06E·06 

2.25E-06 
204E-06 

9. 54E-07 
1.23E-06 
4.09E-06 
3.4IE·06 

3.4IE-06 

204E-06 

6.8IE-07 

2.12E-06 
1.36E-06 

2.12£-06 
0.00£+00 7.06E-07 

0.00£+00 561E-07 

4.81E-07 

O.ooE+oo O.ooE+OO O.OOE+oo O.ooE+OO 

O.ooE+oo O.OOE+oo 8.19E-07 
O.OOE+oo O.ooE+OO O.ooE+oo O.ooE+oo 

873 O.OOE+OO~;;";~;""-=F:=-~ 
874 0.00E+00~~~if-~=-~ 
875 6.06E-06 ... =;;.;;.;;.a.-=-==-~ 
876 O.OOE+OO 

I.SlE-06 253E-061 :.::: . .1 O.ooE+oo 3.43E-06 O.OOE+oo O.ooE+OO 2.88E·06 O.OOE+oo 

877 O.OOE+OO 1.S3E-05 1.13E-05 1.34E-06 OOOE+oo 

878 O.OOE+oo O.OOE+oo O.ooE+OO OooE+oo O.OOE+OO 3.02E-06 

819 O.ooE+OO O.ooE+oo 8.24E-07 1.54E-06 3.IIE-01 3.42E-06 

880 O.ooE+oo O.OOE+oo 1.39E-06 OooE+OO O.OOE+oo 3.24E-06 

881 O.ooE+OO O.ooE+OO 2.18E-06 O.OOE+OO OooE+OO 2.9OE-06 

882 O.ooE+oo 1.88E·06 1.S3E-05 O.ooE+oo O.ooE+oo U8E-05 

884 0.ooE+oo'1.96E-04' O.ooE+oo 1.28E-06 125E-06 1.94E-06 

885 OooE+oo 2. 13E-05 2.33E-05 O.ooE+oo 0.ooE+0011.03E-03, 

886 O.ooE+oo O.ooE+oo 2.49E-06 O.OOE+oo OooE+OO I.30E-05 

946 6.94E·06 120E-OS 1S3E-06 
947 5.16E-06 4.90E-06 

3.47E-06 5.47E-07 

0.00£+00 3.9OE-07 
O.ooE+oo O.ooE+OO 

0.00£+00 O.ooE+OO 

O.ooE+oo 4. I1E-07 

O.ooE+oo 4.lOE-01 

0.00£+00 O.OOE+oo 

O.ooE+oo O.ooE+oo 

O.ooE+oo O.ooE+oo 

1100 OooE+oo 3.68E·05. 8.39E-OS O.ooE+oo O.ooE+oo O.ooE+oo O.ooE+oo 

1101 O.ooE+oo 8.67E-05 O.OOE+oo O.ooE+oo 3.53E-04 2.6OE·06 

1102 000E+00IS,47E-04' 7.61E-04lo.ooE+00 O.ooE+oo 4.76£·05 3.38E-06 8.57E·07 

1103 o.ooE+oo 3.6IE-05 2.84E-05 O.ooE+oo O.ooE+oo 226E-OH 1.75E-04' O.ooE+oo 

1104 O.ooE+oo 3.2IE·05 6.S7£-05 o.ooE+ool 7.15E-041 9.02E-05 O.ooE+oo O.ooE+oo 

2531 O.OOE+oo 5.96E-05 7.05£·07 O.ooE+oo 1.87E-06 5.04E·06 1.65E·07 

2533 O.OOE+oo 5.66E-06 2.20E-06 

4003 OooE+oo 3.17E-06 2.3IE·06 

O.ooE+oo 

1.26E-07 

O.ooE+oo O.ooE+OO O.ooE+oo O.ooE+oo 

O.ooE+OO O.ooE+oo I.lSE-07 O.ooE+oo 

4004 OooE+OO . 3.81E-06 3.69E·06 

4005 O.ooE+oo o.ooE+ool 2.10E-OH 3.67E-06 O.ooE+oo 4.02E-06 
4006 0.00£+00 . 2.99E-06 3.40E-05 

4008 0.ooE+0012.90E-04, 1.32E·06 1.28E-06 O.ooE+oo 9.98E-01 

. 2.02E-07 I.83E-07 

I99E.OS!1.13E-03' I 99E-05 0.OOE+00!2.66E-041 I.73E·06 

4009 O.ooE +00 O.ooE+oo 
1130 2.22E·06 4.83E-06 
lUI 2.07E-05 5.0IE-06 

1152 3.50E·05 2.50E-06 

1153 3.02E-06 7.15E-06 
1154 1.27E·05 2.86E·06 

3.52E·07 
2.38E-06 
1.98£-06 

, 3.OSE-04' 

1.45E-06 
I.66E·06 

2.27E·06 2.59E~ O.ooE+OO O.ooE+oo 7.23E.:o7 O.ooE+oo 

.. ,t 

-
PU_239 PB~21O 

O.ooE+oo 

- -
K_40 CM_244 

-
C_14 CO_60 

4.08E-06 

8.52E-06 

5.14E-06 

O.ooE+OO O.OOE+OO 4.6OE-06 

3.13E-06 

1.24E-06 

O.ooE+OO 2.44E·06 

O.ooE+OO 2.32E·06 

2.23E·06 
4.48E-06 
370E-06 
S.96E·06 

5.6IE-06 

115E·OS 
426E·06 
7.07E-06 
2.38E·06 

8.57E-06 

4.98E-06 

O.ooE+oo 5.88E-06 

2.85E·06 

8.89E-05 5.83E·06 

O.ooE+oo 

O.OOE+oo 

OooE+oo . 

0.ooE+oo'2.94E-04' 
O.ooE+OO 

O.ooE+oo 

OooE+oo 

1.I9E-05 

8.38E-06 

2.62E·06 
119E-OS 
UOE-05 

1.38E-05 
1.14E·05 

- -
.2 

SR~89 TOIBI RIt 

IUiE-04 

3.20E-04 

U5E-03 

4.41E-04 

1.S3E-02 

1.07E-04 

:f.13E-04 

1.15E-02 

.. 1.1"E-02 
8.25E-05 
2.73E-OS 
692E-05 
3.00£-05 

4.01E-04 

1.031-03 

1.06E-04 
USE-04 
3.1l3E-04 

.. .cOE-04 

5.1AE-04 

2.11E-04 

2.22E-03 

1.55E-02 
3.88E-04 

3."E-04 
2.56E-04 

1.05E-04 

1.o3E-O.-
•• 77E-04 

9.09E-04 

2.oAE-03 

1.02E-03. 

1.14E-o'-

7.I5E-05 

1.09E-04 

2.97E-04 

1.42E-04 
2.12E-01 

8.51E-04 

3."E-04 
S.01E-06 
1.31E-05 
3.96E-05 

, 3,57E-04' 

26IE-05 
2.99E-05 

-

~ -V't 



TableA.2 Radionuelid. Risk R .. ulllI by wen 

WAG WELL CS_J37 RA_228 SRJXI nt228 TH_230 TRITIUM TOTAL_RA U_234 AM_24 I PU_238 PM_147 TC_99 PU_239 PB_210 K_40 CM_244 C_14 00_60 SR_89 TotatRsk 
2 ms 2.47E-06 1.69E-06 3.98E-06 6.98E-06 1.64E-O' 
2 1156 2.)8E-OS 1.89E·06. .1 2.81E-041 4.ooE-06 .1 3.11E-041 
2 1185 7.9SE-06 2.2SE-06 1.3SE-06 9.01E-01 1.81E-OS 

1186 1.91E-06 1.73E·06 1.83E-06 1.IIE-OS 1.6SE-OS 
1187 4.29E-06 3.64E-06 1.41E-06 1.IIE·06 

2 1188 7.20E-06 1.98E-06 2.06E-06 I.S1E-06 
2 1189 2.S4E-OS I. 16E-06 1.2SE-06 t21E·06 
2 1190 1.27E-06 3.63E-06 B.47E-OS 8. 39E-06 
2 1191 1.39E-OS .1 6.52E-041 1 2•18E-041 1.33E-06 
2 1192 1.06E-06 4.40E-06 4.30E-06 1.87E-O' 
2 1193 1.37E-OS 4.5OE-06 H2E-07 8.S6E-06 

1194 1.63E-06 3.09E-06 7.02E-01 3.6IE-06 

119' 1.9SE-07 2.87E·06 1.21E-06 USE-06 
2 1244 l.43E-06 2.62E-06 4.19E-OS 11.36E-041 
2 124S 2.22E-06 4.S0E·06 O.ooE+oo I. 28E-06 
J 98S I.IIE-OS 2.66E·06 1.73E-06 9.J6E·06 

1 986 6.76E-06 UJE-06 1.7SE-06 J06E-06 
J 987 U9E-OS 2.12E·06 1.26E-06 6.BIE-06 
3 988 I. I1E·06 1.41E·06 1.02E-06 
3 990 6.J6E-07 U3E-06 U3E-OS 

991 79SE-06 8.89E-07 USE-06 
992 9.'4E·06 9.'OE-07 1.10E-06 
993 6.36E-01 1.44E-06 1.10E-06 > 3 994 IA3E-OS ),61E-OS 1.66E-06 , -995 6.36E-06 1.3 1 E-06 1.70E·06 1.12E-O' Q'I 

996 1.I1E-06 1.68E-06 4.26E-01 1.SJE-06 
3 991 !U4E-06 U2E-06 8'IE·08 8.91E-Os 
3 998 1.9SE-07 1.18E-06 1.47E-06 1.66E·06 t49E-O' 
3 1248 2.22E-OS 163E·0' 2.4'E-07 8.SlE-06 1 1.56E-041 
4 948 9.13E-07 3.I1E·06 7.89E·07 8.'IE-07 $,69E-06 
4 949 120E·OS 1.4SE-06 2.22E-OS 3.49E-06 '.07E-OS 
4 9S0 3.49E-06 2.IIE-06 9. 13E-01 4.47E·06 1.I0E-OS 

9S1 4.44E-06 384E-06 2.S0E-07 6.02E-06 1.46E-OS 
4 9'2 9.2SE-06 I.2SE-06 3.06E-OS I8SE-06 4.34E-OS 
4 9S3 1.4OE·06 S.30E·06 488E-07 102E-06 86'E-06 

9S4 2. 79E-06 2.98E-06 3,45E-04 I.71E-O' 1.74E..o2 
9SS 3.18E·OS 3.06E-O' 5.71E-04 1.19E-OS 8.A2E-04 
9'6 1.I3E-OS 1 5,48E-041 1.76E-04 H6E-06 7.42E-04 

4 951 142E-OS 1.46E-06 7J19E..o3 6S7E-06 1.92E..o3 
9'8 246E-O' 284E-06 1.04E..o2 9.19E·06 6.37E..o2 
9'9 8. 79E-06 '.IOE-06 I.ISE-O' I 19E-06 :, 2.66E-O' 

4 960 1.21E-OS 4.30E·06 823E-OS 762E-06 1.07£-041 
961 143E-OS 14SE·OS 3. 39E-OS 

4 962 2.38E-06 9.36E-01 20SE-OS 
S' 440 O.ooE+OO 4.2SE-0' 442E-06 9.11E-06 6.2SE-06 l.9IE-OS 2.66E-OS 6.S8E-07 O.ooE+OO I U3E-041 116E-OS 1.14E-OS 1.63E-0' 3.15E-02 
$ 441 4.I'E-06 7.ooE-06 I.96E-06 6.80E-06 1.14E-06 2.62E-06 2.S4E-06 O.ooE+oo O.ooE+oo 2.81E-O' 1.27E-O' 1.11[·0' 6.15E-04 , 468 O.ooE+oo 43'E-06 1.00E-06 8.32E-06 8.40E·07 ..,6E-06 8. 78E·07 4.70E-07 O.ooE+oo 3.40E·06 2.01E-114 
$ 412 O.ooE+oo 2.ooE-06 4.23E-07 3.0E-06 2.82E·06 O.ooE+OO O.ooE+oo O.ooE+oo O.ooE+oo O.ooE+OO 911E-06 2.49E-03 

416 O.ooE+oo O.ooE+OO 6.80E·08 1.34E-OS 4.10E-06 2.01E-O' 3.2 I E·O' 1.04E·0' 6.28E-06 11.24E-04' 2.14E-OS 1.74E-02 
'13 OooE+OO 6.5OE-06 8.63E-07 28SE-O$ I.IIE-06 O.ooE+oo 6.84E-06 O.ooE+oo O.ooE+oo S.07E-OS 
$14 O.ooE+oo O.ooE+oo O.ooE+oo O.ooE+OO 1.I1E·06 O.ooE+OO O.ooE+oo O.ooE+oo O.ooE+oo O.ooE+oo O.ooE+OO O.ooE+oo 2.6 1 E-06 
'16 O.ooE+OO O.ooE+oo O.ooE+oo 1.20E·06 I.S6E·07 1.81E·06 8.49E·01 1.J4E-01 '.64E-06 3.62E-06 O.ooE+oo O.ooE+oo ·16.05E-041 O.ooE+oo I 6,931;-1141 
'11 4.2SE·06 O.ooE+oo O.ooE+oo 2.S2E·06 6.'OE-01 6.30E-01 7.81E-07 4.3OE-01 3.38E-06 1.03E-O' O.ooE+OO O.ooE+oo O.ooE+OO O.ooE+OO 2.4OE·OS 

- - - - - - - - - - - - - - - - - - -



- -
TableA.2 

WAG ., 

, 
5 , 

- - - - - - - - - - -
Radionuetide Risk Ruulls by wen 

WELL CS_137 RA_228 SR_9O TH_228 TH_230 TRITIUM TOTAL_RA U_234 AM_24 I PU_238 PM_147 TC_99 PU_239 PB_210 
"8 0.00£+00 0.00£+00 0.00£+00 0.00£+00 1.17£-06 

'19 4,48£-06 ,.07£.0, O.OOE+OO 9.8'£-06 2.I2E·06 7.11£·07 

'20 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 9.0S£.o7 
S21 0.00£+00 0.00£+00 O.ooE+OO 0.00£+00 9.27£·07 

'22 O.OOE+OO 9.70£·05 0.00£+00 0.00£+00 O.OOE+OO o.ooE+OO 

S23 0.00£+00 0.00£+00 I.SI£-06 

'24 0.00£+00 1.26£-0' O.OOE+OO 6.47£-06 7.64E·07 8.91£-06 

52' 0.00£+00 0.00£+00 832£.07 4.9IE-OS 4.6'£.01 
S26 0.00£+00 1.63£-06 1.93£.05 
70s 0.00£+00 0.00£+00 3.23£.07 0.00£+00 1.21£-06 
71' 0.00£+0011.02E..041 0.00£+00 B4£-06 9.58£.07 2.09£-06 
116 4.47£-06 4.41£-06 0.00£+00 1.73£-06 4.91£-07 406'£-07 
963 7.2S£-06 0.00£+00 9.18£.07 0.00£+00 2.68£·08 2.86£-07 
964 1.18£.05 0.00£+00 3.06£-06 0.00E+00 0.00£+00 
965 6.19£-06 2.37£-06 2.49£~7 4.6'£~7 0.00£+00 
966 1.77£-06 2.14£-06 \."£-06 0.00£+00 0.00£+00 
967 5.16E-06 0.00£+00 3,69£-06 0.00£+00 1.73E.o7 
968 l.nE-06 3.76E-07 1.2'E-06 3.37E-07 9.99E-08 
969 1.12E-06 000£+001 4.10E-041 07E.o7 O.OOE+OO 
970 2.07£-06 0.00£+00 3.OS£-06 000£+00 1.6IE-06 
971 6.90£-06 790£-07 3.39£-05 0.00£+00 4.97£-OS 

972 4.71£·01 3.44£-06 2.60E~' 6.13£~7 0.00£+00 
973 7.s0£-06I,.63E-041 1.07E..04lo.00£+oo 0.00£+00 
974 3.OS£·06 7.75£-06 2.54E-05 O.OOE+OO O.ooE+OO 
975 6.23£-06 OOOE+ool 4.14E-04lo.ooE+00 0.00£+00 

976 7.4IE-06 2.29E-06 6.96E-06 '.42E~7 O.OOE+OO 
'977 U4£~5 0.00£+00 698£-06 O.OOE+OO 0.00£+00 

1.18£·06 
1.59E-06 
U7£-06 
1.45£-06 

3.22E-04 
2.15E.o2 
1.30E.o3 

1.32E.03 
4.90E-04 

2.S0E.o1 
9.06E.o2 

8.89E.o3 
6.88E.o3 
7.61E.o3 
1.37E.o3 978 3.64E-06 O.OOE+OO 4.66£-06 0.00£+00 O.OOE+OO_ 

979 2.70E-06 O.ooE+OO 1.44E-06 O.OOE+OO O.OOE+OO 5.12E-05 
980 4."E-06 0.00£+00 3.62E-06 O.OOE+OO O.OOE+oo 6.44E-07 
981 tD6E.o7 0.00£+00 1.47E-06 2.99£-06 879£.0811.32E.o31 

982 7.74£-06 0.00£+00 9.81£.07 0.00£+00 6.50E-08 1.27E-06 
983 4.93E-06 0.00£+00 3.95E·06 0.00£+00 0.00£+00 7.30E-06 

984 8.53E·06 2.'2E-07 \.49£-06 0.00£+00 7.32£-OS 1.17£·06 
1105 0.00£+00 o.ooE+OO O.OOE+OO 0.00£+00 
1106 O.OOE+OO O.ooE+OO O.OOE+oo 

1107 0.00£+00 0.00£+00 O.OOE+OO 

IIOS 1.62E.o3 OOOE+OO 4.72E·OS 
4113 O.OOE+OO 1.89E-06 3.70E-05 6.55E-06 

4114 O.OOE+OO 9.68E-0412,43E..04lo.ooE+00 

41" 0.00£+00 1.36E-0' O.OOE+OO OOOE+OO 
4116 0.00£+00 0.00£+00 O.OOE+OO 2.97£-06 661£-11 
4173 

4174 . 

417' 1 3.58E..041 

4176-.~~~ 
41771"'Jio~i':::t 
4178~~~;;.! 
4179 
4179 

4180 3.2'£-11' 
418' 

9.83E.o1 
7.19E.o1 
1.ooE+OO' 
6.15E.02 
2.91E-04 

1.93E.o1 
2.27E.o3 

1.00E+OO 
5.87E.o2 

~.29E.o3 

, 

2.34E.o3 

2.04E.o3 

1.27E.o3 
6.23E..04 

1.25E-04 
1.74E~3 

2.55E.o3 

2.86E-04 
6.11E.o3 

U5E.o3 
1.07E.o2 
1I.00E.o3 
2.96E.02 
1.01E-II2 

0.00£+00 0.00£+00 

2.28E-O' 2.SSE-06 7.0IE-06 0.00£+00 

O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 

0.00£+00 o.ooE+ool1.88E..041 O.OOE+OO 

3.H£-06 O.OOE+OO 0.00£+00 0.00£+00 

1.73£-06 3.7S£·06 0.00£+00 

9.6SE·06 U1E-06 3.43£·06 0.00£+00 
1.30£-0' O.OOE+OO 0.00£+00 U7E·06 

2.99E·07 0.00£+00 
0.00£+00 1.75£·07 7.06E-06 O.OOE+OO 
1.31E-05 3.37E-06 O.OOE+OO 0.00£+00 
3.65£-06 3.10E-II7 0.00£+00 0.00£+00 

0.00£+00 1.76£-01 0.00£+00 2.62£-07 
0.00£+00 1.36£-07 2.86£-01 O.OOE+OO 
000£+00 1.82£-07 6.35£-07 1.62£·07 
5. 59E-07 2.00£-07 lS4E-07 0.00£+00 

0.00£+00 2.30E·07 2.32£-111 2.34£·07 
O.ooE+OO 2.04E·07 5.49E-07 O.OOE+OO 

0.00£+00 2.~5£-O7 1.82£-06 4.02£-06 
O.OOE+OO 1.09£-01 '.97£-07 3.34£-07 
0.00£+00 1.5~E-07 3.98£·07 2.12£-07 
000£+00 1.45E-07 9.n£-07 9.99£-07 
O.OOE+OO S.99£.08 S.32£-06 1.99£-06 

0.00£+00 1.27£·07 5.18£-07 6.48£·06 
0.00£+00 1.18£-07 1.36£-06 2.41£-06 
5.64E·07 1.16£-117 183£-06 4.00£-07 

O.OOE+OO 2.55E-07 1.77£·07 250£·08 
8.24E·07 3. 73E-07 5.45£-07 O.OOE+OO 

O.OOE+OO 3.09£-07 3.13£-07 1.25E·OS 
O.OOE+oo 2.91£-07 4. 77E-07 1.04E·07 
0.00£+00 4.18£-07 0.00£+00 2.5O£·OS 

000£+00 2.22£-07 1.06£-06 1.83£·07 
O.OOE+OO 04E-07 0.00£+00 6.87E-07 

5.64E·07 2.28E..Q7 1.77£-117 8.69£·07 
0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO 
O.OOE+OO O.OOE+oo O.OOE+OO 2.51E-06 

0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 

1.38£-06 4.74E-06 9.SSE..Q7 I.OSE-116 

7.64E-06 7.06E-07 2.12£-06 0.00£+00 

I. 73E·0611.28E.o311.09E-0411.01E.o1' 
0.00£+00 O.OOE+OO 0.00£+00 O.ooE+OO 
S.82E-06 I.98E·07 2.62£-06 U7E·06 

O.ooE+OO 000£+~19.97E.o119.12E-011 

3.06£-06 0.00£+00 

O.OOE+OO 0.00£+00 

0.00£+00 0.00£+00 
3.52£.07 O.OOE+OO 

06E.o1 O.ooE+OO 

1.27E-06 0.00£+00 
O.OOE+OO 0.00£+00 
0.00£+00 
9.2~E-07 O.ooE+OO 

O.OOE+OO 
3.2S£-07 0.00£+00 

0.00£+00 0.00£+00 
0.00£+00 4.31E-07 
0.00£+00 2.81E.08 
0.00£+00 5.22£·OS 
0.00£+00 0.00£+00 
O.ooE+OO 5.41E-07 
0.00£+00 2.74E..Q7 
O.OOE+OO O.OOE+OO 

O.OOE+OO I31E-08 
0.00£+00 0.00£+00 
0.00£+00 O.OOE+OO 
0.00£+00 0.00£+00 
0.00£+00 4.41£-07 
0.00£+00 3.92£.08 
0.00£+00 0.00£+00 
O.OOE+OO 1.70£-07 

0.00£+00 O.OOE+OO 
0.00£+00 1.31E-OS 
0.00£+00 9.15E-07 

0.00£+00 7.83E-08 
O.OOE +00 U2£.08 

0.00£+00 6.14E-07 
0.00£+00 0.00£+00 
4.72£-117 O.OOE+OO 

U7£·06 0.00£+00 

8.46£-01 000£+00 

3.82£-07 0.00£+00 
1.40E-0512.75E..041 
5.84£·07 O.OOE+OO 

0.00£+00 O.OOE+OO 

16.37E.o21 

- - - - -
1:._40 CM_244 C_14 00_60 

0.00£+00 1.34E-06 

6.S7£-OS 0.00£+00 

0.00£+00 0.00£+00 

0.00£+00 

0.00£+00 

7.37E-05 6.01£·07 O.OOE+OO 
O.OOE+OO 

11.55E~1 

1.97E-04 
'i':'i1i:oi -

O.OOE+OO 
1.66£-0' 

0.00£+00 
0.00£+00 
0.006+00 
0.00£+00 
0.006+00 

0.006+00 0.006+00 1.19£-116 
6.72E·07 1.74£-06 3.SIE-06 
6.63E-07 '.62£~7 1.5 7E-05 
0.00£+00 1.74£-06 6.SSE-06 

7.26E·08 2.04£-116 1.03£-06 
0.00£+00 O.OOE+OO 4.95£-06 

1.41£-0' 3.06E-06 1.58E-07 
0.00£+00 0.00£+00 9.36E-06 

1.62E-06 0.00£+00 7.26£-06 
4.49£-07 0.00£+00 3.39E-06 
4.36£-05 2.96£-05 5.32£-07 

1.2'£-06 2.09£-115 1.19E-05 
6.01£·06 U3£-O~ 3.09£·06 
2.2SE·06 S.70E.o7 3,49£-06 
6.36£·OS 1.12E.o5 2.20£-116 
6.36£-OS 3.47E-OS 1.35£·05 

9.08£·09 8.17E-06 6.37E-06 
2.43£·07 3.06£-06 8.5IE-06 

O.OOE+OO 5.11£-115 303£·06 

6.08E·OS 8.69£-06 8.5IE-06 
3.48£·07 '.OIE-06 6.89E-06 
US£-OS 2.09£-06 7.93£-06 
0.00£+00 0.00£+00 

0.00£+00 3.19E-05 
0.00£+00 1.25E-II5 7.62£-06 

2.38£·05 3.76E-06 2 79£·05 

0.00£+00 
H6E..Q7 1.26£-115 

0.00£+00 4.31£-06 
0.00£+00 

'1.iii':ii 
i.iliE.Oi 
~ 
me::oi 

. Q.OO'E':OO 1.10£-05 

17.63E..0411.12E-04' 

0.00£+00 
0.00£+00 
0.00£+00 

SR _ 89 TOlat Rlt 

.( 

· 8.S26-OS 

( 6.20E-041 
1.62E·05 
5.17£-05 

· S.S2£-OS 

1
2

•
96E

-041 
· 1.50E..04 

4.28£-05 
2.9O£-IIS. 
4.84E·05 

1.6'£~' 
U4E..04 
U2E-04 

2.23E.o2 
1.32£-03 

1.31£-03 
5.27E..04 

2.81E.o1 
8.07£-02 
1.12E-02 
6,91£.03 

8.70£.03 

~.o1 

1.14E-05 
2.15£-0' 

I 1.69E.o31 
9.33£-05 
U6£-OS 
1.19E..04 
2.3SE-03 

2.12E-03 

5.28£-03 
U1£.o2 

8.29£..04 
1.06E-01 
2.70E-03 
4.05£-04 

9.B3£-01 
7.83E-01 

1.00EofiIO 

6.84E.o2 
3.12E-02 
2.32E.o1 
1.00EofiIO 
1.00EofiIO 
1.19E.o1 
1.11E.o1 

-

~ .... ..... 



-

Tabl. A.2 

WAG 

5 
5 

5 
5 
5 

5 
) 

S 
5 
5 
5 

S 
5 
S 
5 
5 
S. 

5 
5 

-

WELL CS 137 RA_228 .... ..iio!o;;. 
418811.05E~ 

4189r3.45E~ 
41901 5.86E~ 
4191 2. 59E-OS 
4193 612E-OS 
419S 

U2E-03 
9.70E.o3 

1.74E-03 2.89E-01 
4198 3.08E-02 5.79E-02 
4199 USE-03 1.00E.o1 
420 I 5.36E~ 1.22E-01 
4202 1.63E-03 2.08E.o1 
4203 5.54E-02 3.46E-02 
4204 7.85E-02 1.25E-01 
4205 2.77E-03 
4206 2.61E~ 

4201 9.24E-01 

4211 ., 1.ooE+OO' 

4213 
4214 
4216 S.48E-05 

421S' UOE~' 
4219 
4221 
4224 
4225 800E-O' 
4226 
4221 
4228'1.30E-04, 
4230 2.00E-05 
423I'3.o5E-02' 
4233 6.53E-05 
4235 l.86E-OS 
4238 1.23E-05 

4239'4.66E-03' 
4240 399E-OS 
4241 I. 15E-OS 
4242 3.48E-OS 
4243 I. 13E-OS 
4244 2.8IE-OS 
4245 HOE·OS 
4246 USE-OS 
4241 2.62E-05 

4248' 7.17E~' 
4249 I.96E-OS 
42S0 218E-05 
4251 3 15E·05 
4252 3.42E-05 
4253 4.6IE·05 
4254 

- - -

TH 230 TRITIUM TOTAL RA 

-

- .'1.02E-01' -
I 34E-06 

6,32E-02 
2.88E-01 
4.14E-01 
3.13E.o1 
1.81E-01 
6.05E-02 
2.67E-01 
4A8E-02 
6.24E-02 
1.75E-01 
6.73E-02 
6.19E-01 
2.17E-01 
3.20E-01 
6.66E-02 
4.89E-01 
1.98E-01 
UIE-05 
2A1E-OS 

1.09E-03 
1.31E-02 
1.37E-02 
3.00E-01 
3.05E-01 
2.33E-02 
1.18E-03 
4.85E~ 

5.88E~ 

6.60E-02 
1.15E-01 
1.46E.o1 
1.35E-01 
1.08E-01 
8.36E-02 
1..44E-01 
1.27E-01 
9.04E-02 
1.18E-01 
1.46E-01 
2.41E-01 
2.13E-01 
1.33E-02 
3.81E-02 
7.99E-03 

- -

Radionuclide Risk a.lulls by w.n 

'6.75E-04' 

:'1.17E-01, 

- - - - -

.'3.03E~' 

. UIE-OS 
13.74E~' 

'1.52E-04, 
8.20E-05 

'2.26E~' 
. 9.01E-OS 
'1.26E~' 

1.02E~ 

U7E~ 

7.!I9E~ 

2.73E~ 

2.29E~ 

1.61E~ 

9.91E~ 

5.50E~ 

7.16E~ 

3.10E~ 

8.15E~ 

1.29E~ 

8.92E~ 

7,37E~ 

1.13E-03 
8.39E~ 

U3E~ 

9.73E~ 

1.28E-04 

-

C_14 CO_60 
1.00E-O' 1.69E-05 

. O.OOE-+OO 6.11E-06 

.'1.70E-02' 

. O.OOE-+OO 

.1 2.65E.o2' 

O.ooE -+OO1"'!:'~ll"'!i!'!i'I 
1.01E~ 

2.97E-05 
o OOE -+00 9 10E-05 
O.OOE-+OO 
3.08E~ 

3.04E.o1 
1.82E.o3 
1.45E.o2 
3.01E-03 
7.15E-02 
O.OOE-+OO 
O.OOE-+OO 
O.OOE-+OO 

O.OOE-+OO 
O.OOE-+OO 

UI2E-02 
1.06E.o1 
1A3E~ 

4.62E~ 

2.04E~ 

1.25E.o3 
2.16E.o2 
1.73E.o3 
OOOE-+OO 
1.17E-03 
2.18E.o3 
2.58E-03 
2.45E-03 
6.98E-03 
7.0BE~ 

O.OOE<OO 
O.OOE+OO 

1.18E.041 

3.94E,05 

2.08E-031 

- - -

1.11E.o1 
2.17E.o3 
1.32E.o2 
2.l5E.o1 
4,35E-01 
5.12E-01 
2.57E.o1 
1.57E.o1 
3.57E-01 
2.45E-01 
1.58E.o1 
3.47E.o1 
7.o1E-02 
7.35E-01 
9.11E.o1 
4.78E-01 
U5E-01 

1.ooE+OO 
UBE-01 
6.l3E-OS 
104E-OS 
1.59E-03 
1.99E-03 
2.34E-03 
3A3E~ 

2.83E~ 

1ME-03 
1.07E.o1 
1.osE-01 
3.19E-01 
3.79E-01 
1.G2E-01 
1.71E.o3 
7.17E~ 

5.13E.o3 
tA2E.o2 
1.1BE.o1 
1.46E.o1 
1.37E.o1 
1.10E.o1 
8.66E-02 
1.46E.o1 
1.34E-01 
!I.14E-02 
1.19E.o1 
1.47E.o1 
2.43E.o1 
2.16E.o1 
1AOE.o2 
3.91E-02 
B.12E-03 

-

~ -OQ 

-



- - - - - - - -
TableA.2 

TRITIUM TOTAL_RA 
1.23E.o2 

WAG WELL CS 137 RA_228 SR_9O TH_228 TH_230 
5 415511.18E.041 , 42S6 3.75E.04, 
5 4257 1.4IE'()5 2.33E.o3 , 42'8 1.33E.04 , 42S9 1.34E'()S .... 9E.o3 
5 4260 3.54E.o3 
5 4261 6.47E.o5 1.59E.o3 , 4262 8.01E.o3' 

42631 2.52E.041 6.66E.o3 
4264 8.94E'()' 6.33E.o3 

426' 1.64E.o2 
4266 2,\'E.()' 3.07E.o2 
4261 2.22E.o2 , 4268 428E-O' 3.50E.ot 
4269 J.98E-OS 9.18E.o3 
4210 8.23E-OS 9.18E.o3 
4211 6.02E-03 
4212 1A0E.o2 , 4273 4.60E.o2, 

S 4214 4.76E.o2 
421S 1.07E.o2 
4276 1.64E-02 
4211 7.64E'()' 1.22E.o2 
4278 6.39E-03 

S 4281 1.31E.o2 
4282 2.50E.o3 
4283 5.84E.o3 
4284 6.36E-03 
428S 1.A6E-03 
4286 9.4 I E'()S 8.06E.04 

S 428711A2E.041 1AOE.04 
S 4289 7.96E.04 

4290 4.71E-OS 7.07E.o3 

429111.6u.o31 6.70E.o3 
4294 4.57E.o3 , 429S 4044E.o3 , 4296 9.88E-O' 5.53E.o3 
4297 1.25E-02 
4298 1.23E-02 

42991 2.32E.041 1.37E.o2 
1.29E.o2 
1.05E-02 

4300 

430715.94E~1 
6 74S 1.31E-06 3.$1E·06 4.95E-06 4.09E-06 
6 831 1.37E-OS 3.24E-06 8.78E-07 3.88E-06 
6 832 32SE-06 2.2 I E-06 . 1.80E-01 4.09E-06 
6 833 1.92E-06 H2E-06 S.21E-06 4.09E-06 
6 835 1.86E-06 1.31E-06 3.16E-OS 3.41E-06 
6 836 6.6SE-06 2.SIE-06 4.60E-06 O.OOE+OO 
6 837 t.64E-06 2.4SE-06 2.56E-06 1.77E-06 
6 838 2.83E·06 3.04E-06 2.77E-O' 6.8IE-06 
6 839 2.S4E-06 J.70E-06 2.97E'()S 4.56E-06 

- - -
Radionuctide Risk Results by Well 

U_234 AM_24 I PU_238 PM_141 

- - - -
TC_99 PU_239 PB 210 K. 40 CM 244 

- ·11.96E.041 -

: 1
,
•74E.041 

9.22E-OS 

11.o7E.041 
14..46E.041 

8.62E-OS 
4.37E.04 

8.06E'()S 

1.46E'()S 

9.06E'()S 

1 2•11E.041 

-
C_14 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+oo 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.ooE+OO 
6.9OE-06 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+oo 
O.OOE+OO 
O.ooE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+oo 
O.OOE+oo 
i.'7iE-ii 
'i'i'5E.ii 
rnE.ii 
'2.i8E-Oi 

00_60 

1.41E-06 
7.28£-06 

4.0SE-06 
S.IIE-07 
1.01E-06 
4.16E'()1 
1.28E-06 
4.00E.()7 

7.27E-07 

-
SR_89 

-
6 

ToIBI RJk 
1.26E.o2 
3.75E.04 
ZAOE.o3 
3.071:.04 
4.591:.03 
U.5E.o:l 
7.66E-4I3 
8..451:-413 
6.91E-4I3 
6.51E-4I3 
1.68E-4I2 
3.111:-412, 
2.21E-4I2 
3.56E-4I2 
9..48E-4I3 
U7E-4I3 
6.29E.o3 
1..44E.o2 
4.611:-412 
4 .. 0E-4I2 
1.1191:-412 
1.68E-4I2 
1.24E-4I2 
U9E-4I:I 
1.32E-4I2 
2.51E-4I3 
6.26E-4I3 
6.59E-4I3 
1.68E-4I3 
1.18E-4I3 
4.68E.04 
7.96E.04 
8.88E-4I3 
1.25E-4I2 
4.05E-4I1' 
7.63E-02 
5.62E-4I3 
1.27E-4I2 
1.23E-4I2 
1.A3E-4I1 
1.51E-412 
1.21E-4I2 
4.22E-04 
1.52E-03 

2.75E.04 
4.31E.04' 
1.18E.04 
2.20E.04 
2.55E-4I3 
3.31E.04 
3.71E.04 

-

> • .... 
1.0 



-

Table J\.2 

WAO 

6 
6 
6 
6 
6 
6 
6 
/I 

6 
6 
6 
/I 

6 
/I 

6 
6 
6 
6 
6 
/I 

6 
6 

II 

/I 
/I 
6 
6 

6 

6 
6 

6 
6 
6 

6 
6 
6 

6 

6 

6 

6 

7 

1 
1 

1 

1 r D 
1 

1 

1 

1 

-

Radionuctid. Risk Raults by WeU 

WELL CS_137 RA_228 SR_90 TH_230 TRITIUM TOTAL_RA 
840 3.46E-<l6 

841 1.42E-<l6 

842 3.50E-<l6 

843 3.67E-<l6 

'.92E-<l6 

6.18E-<l6 

6.7IE-<l6 

l.8'E-06 
844 1.68E-<l6 3.22E-<l6 

84' 3.02E-<l6 O.ooE+OO O.ooE+OO O.ooE+oo O.ooE+OO 

846 3.40E-<l6 1.14E-05 

841 3. J3E-<l6 I.80E-<l6 

848 3.SOE-<l6 O.ooE+oo 3.88E-O' O.ooE+oo O.ooE+OOM~i-ii~ 
849 O.ooE+OO O.ooE+oo O.ooE+oo· O.ooE+OO O.ooE+OO 

!ISO 2.10E-<l6 O.ooE+oo 6.49E-<l6 O.ooE+oo 0.ooE+OO1.:4;;;.3;OE;'-';;0';,I 

8'1 O.ooE+oo O.ooE+oo 3.21E-<l6 O.ooE+oo O.ooE+oo '.61E-0' 

8'2 O.ooE+OO O.OOE+OO O.ooE+oo OooE+oo O.ooE+oo 6.14E-0' 

853 O.ooE+OO O.ooE+oo 2.66E-<l6 O.ooE+oo O.ooE+oo 3.68E-06 

8'4 O.ooE+oo O.ooE+oo O.ooE+oo 2.3IE-06 o.ooE+ool 2.81E.041 

8" 1.39E-<l6 1.80E-<l6 1.14E-06 

8S6 9.36E-<l6 H8E-<l6 '.20E-01 

851 4.61E-<l6 

8S8 1.'9E-<l6 

8'9 1.22E-<l6 

2.83E-<l6 

3.'OE-<l6 

3.SIE-<l6 

1.88E-01 

9.33E-07 

4.48E-06 

860 3.10E-<l6 2.33E-<l6 6.0'E-01 

122' O.ooE+OO 4,49£-0,1 3.17£..031 3.23£-06 3.28E-0711.81£..o31 

1226 O.ooE+oo O.ooE+oo O.ooE+oo I.42E-06 2.84E-07 0.00£+00 

1221 O.ooE+oo O.OOE+OO O.ooE+oo O.ooE+oo OooE+oo 2.38£-06 
1228 O.ooE+OO 7.11E-06 O.OOE+OO O.OOE+oo O.ooE+oo 8.28E-<l6 

1229 OooE+OO O.ooE+OO O.ooE+OO 9.48E-06 I.64E-06 2.40E-0,1 

1231 0.00£+00 O.ooE+OO O.OOE+OO O.OOE+OO O'OOE+OO 6.12E-05 

1233 O.ooE+oo O.ooE+oo O.ooE+oo 347E-06 4.37E..o71 7.14£.041 

1234 O.ooE+OO 0.00£+00 584E-07 O.ooE+oo 

12)6 O.ooE+oo O.ooE+oo O.ooE+oo 2.lOE-<l6 3.19E-07 O.ooE+oo 

1237 O.ooE+OO O.ooE+oo 6.27E-<l6 0.00£+00 2.03E-<l6 O.ooE+OO 

1238 O.ooE+OO O.ooE+OO O.ooE+oo 1.19E-<l6 O.ooE+oo O.ooE+oo 

1239 O.ooE+OO O.ooE+oo 0.00£+00 586E-06 1.)4E-06 O.ooE+OO 

1240 O.OOE+OO O.ooE+oo O.ooE+oo 2.70E-06 OooE+oo 
1241 O.ooE+OO O.ooE+oo O.OOE+OO 8.99E-06 U2E-06 

1242 I.71E-<l6 O.ooE+OO 2.40E-06 1.50E-06 1.05E-06~~~~ 
1243 U4E-05 O.ooE+oo 3.03E-06 O.OOE+oo O.ooE+oo 

1244 3.18E-<l6 O.ooE+oo 09E-06 O.ooE+oo 4.42E_01L...;~;';;;,I 
1245 I. 1 IE..oS 6.13E-<l6 O.OOE+oo 3.1IE-06 5.S2E-07 

1249 OOOE+oo O.ooE+oo O.ooE+OO O.OOE+OO 819E-01 O.OOE+oo 

1011 2.86E-<l6 2.8IE-<l6 I.96E-<l6 

1012 2.01E-<l6 I. 79E-<l6 ).16E-01 
107) 1.48£-05 3.99£-<l6 1.02£-06 

1014 5.01£-<l6 

101S 2.01E-<l6 

1016 I.99E-05 

1011 1.95E-<l6 

1078 I.1SE-OS 

1019 143£-OS 

1080 732E-<l6 
1081 I.S9£-OS 
1082 3.)4£-<l6 

- -

).28£-<l6 

3.S9£-<l6 

4.S0E-<l6 

S.9)E-<l6 

4.IOE-<l6 

6.46£-<l6 

S.S2£-<l6 
).38E-<l6 
364E-06 

- -

4.82E-01 

1.16E-<l6 

.1 1.34E.Q31 

2.)6E-06 

. 4.S6E-05 

.1 6.44E.041 

I.n£-06 
1.29E-06 
2.07E-OS 

-

4.09E-<l6 

S.4'E-<l6 

4.09E-06 

4.77E-<l6 

4.09E-<l6 

1.16E-<l6 O.ooE+OO 0.00£+00 O.ooE+oo 

4.17E-06 

).41£-06 

O.ooE+oo O.OOE+oo O.ooE+oo 0.00£+00 

O.ooE+oo O.OOE+OO 0.00£+00 0.00£+00 

).)IE-<l6 0.00£+00 O.ooE+oo O.ooE+OO 

O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00. 

1.6)E-06 O.OOE+OO 0.00£+00 O.OOE+OO 

364E-<l6 0.00£+00 O.ooE+oo O.OOE+OO 

O.OOE+oo O.ooE+OO O.ooE+OO O.OOE+oo 

O.ooE+OO 

8.33E-<l6 

2.IIE-<l6 

O.ooE+OO 

2.)8£-06 

O.ooE+OO 

).28E.{l5 o.ooE+oo 0.00£+00 1.02£-05 

'.64£-<l6 4.10E-07 O.OOE+oo 0.00£+00 

1.)1£-06 0.00£+00 O.OOE+OO O.OOE+OO 

O.ooE+OO 3.36E-07 O.OOE+oo O.ooE+oo 

2.85E..041 1.12E-06 O.OOE+OO O.OOE+oo 

4.0)E-06 O.OOE+OO 0.00£+00 O.ooE+oo 

3.28E-06 '.04E-07 O.OOE+OO O.ooE+oo 

3.9IE-06 3.66E.{l7 O.ooE+OO 0.00£+00 

340E-06 3.6OE-01 6.00£-06 0.00£+00 

2.81E-<l6 O.ooE+oo O.ooE+OO 0.00£+00 

O.ooE+oo 1.69E-<l6 O.ooE+OO O.ooE+OO 

5.12E-06 7.06E-01 O.ooE+OO O.ooE+OO 
4.)6E-O' 2.88E-06 O.OOE+OO O.OOE+oo 

O.OOE+OO 652E-01 1.20E-0' O.OOE+oo 

3.86E-06 O.OOE+OO O.ooE+oo O.OOE+oo 

O.ooE+OO 5.6IE-06 O.OOE+oo 0.00£+00 

8.49E-06 O.OOE+OO O.OOE+OO O.OOE+OO 

- - - -

2.2IE-08 

0.00£+00 
2.2 1 E-08 

2.9SE-08 

O.OOE+OO 

).)9E-07 

. 2.9SE-08 

.13.03E..041 

1.10E-<l6 

1.11£-07 
2.2IE-08 
1.92E-07 

- -

).19E-OS 

).6)£-0' 

O.ooE+oo 

5.94E-O' 

'.82E-O' 
4.IIIE-O' 000£+00 

'.OIE-O' 

4,48E-OS 

- -

C_14 CO_6O 

t.22E-<l6 

'.6OE-<l6 

6.80E-O' 

7.67E-<l6 

I.29E-<l6 

2.2IE-<l6 

U7E-01 

1.18E-<l6 

O.ooE+OO 

O.ooE+OO 

O.ooE+OO 

O.ooE+oo 

O.ooE+OO 

O.ooE+OO 

0.00£+00 

4.45E-06 

1.70E-<l6 

II3E-06 

1.6SE-<l6 

).96E-<l6 

1.)7E-<l6 

1.06E-06 

. 1.66E-<l6 rnE
-G41 . 2.G4E..04 

6.8 I E-07 

5.64E-<l6 

3.1SE-<l6 

1.28E-O' 

4.26E-<l6 

1.08E-OS 

I. 79E-05 

1.29E-O' 

12,51E.041 

4.66£-OS 

1.02E-<l6 
1.45£.{l, 
6.89£-06 

-

I 

I 

-

1.A2E-03 

1.29E..o3 

1.I5E..o3 

3_12E..o3 

4.17E.04 

4,32E-G4 

2,56E..o3 

4.74E.04 

5.24E..o3 

5,55£.03 

3.67E.04 

4_33E-G4 

1.17E.04 

5.46E.04 

U8E-G4 

7.lI2E.04 

1.88E.04 

•• 63E.04 

1.21E.o3 

2.19E.04 

1.57E-G4 

5.90e..o:J 

2.23E.04 

4.04E-G4 

U1E.04 

4.82E.04 

lA8E.04 

3.93E..o3 

364£-0' 

1.27E-G4 

2.23E.04 

1.73E.04 

2.29E.04 

2.8'£-05 
913E..os 

5.13E.04 

2.32E..o3 

2.93£.04 

1A6E-G4 

- -



- - - - -
TableA.2 

WAG WELL C~U31 
. 7'S] 1083 U9E-06 

RA_228 SR_9O 

2.SS£-06 

1084 9.S4E-06 USE-06 

7 10Sj 1.43E-OS I.96E-06 
7 / 

1086 2.07E-06 3.SSE-06 

8 1087 2.38E-O' 1 5.73E-041 

8 1088 2.07E-06 6,S4E-06 
8 1089 3.66E-O$ S,93E-06 
S 1090 1.9IE-O$ 7. 15E-06 
8 1091 UOE-O$ 
8 HW2 I.OSE-O, 
8 1093 6.83E-06 
8 1094 3.18E-06 
8 109' t9IE-O' 
8 1096 1.27E-06 

8 )097 6.36E-07 

II 1139 UOE-06 2.86E·06 
11 1140 3.18E-07 3.06E·06 
II 1141 1.23£-0' 7,976-06 
II 1143 1.11 E-O' 2,04E·06 
II 1144 L43E-OS O.ooE+oo 
11 1\4S 1.9OE-O' 3,88E·06 

II 1146 U9E-O' S.3IE-06 
:1 1147 3.02E-06 \.63E-06 
\I 1148 1.7SE-06 102E-06 
iI 1149 UIE-O' S,72E-06 
\I 1246 7.9SE-06 1.63E·06 
17 1196 U2E-OS 1.23E-06 
17 1197 I.OI£-OS 8,9IE-07 
17 1198 2.32E-O' lS3E-06 
17 1199 9.06E-06 3.99E-06 
17 1200 U9E-06 2,82E-06 
17 1201 1.27E-06 I.9SE·06 

17 1202 23SE-06 \.8'£·06 
17 1203 6.82E-06 2,18E-06 

Seep SNW-I 0.00£+00 1.36E-OS 
Seep SNW-2 3.S3E-07 

Seep Bnl1.27E-041 

1.06£-05 

1 1.76E-021 
Seep FR£NCH DRA O,ooE+oo 4.54E-06 

Seep RS-I 1.47E-06 'i3ii'E.Oi 
Seep RS-3 O.ooE+oo i.iiE.04 
Seep SW2-1 1.88E-06 'i.1iE.ii4 
Seep SW2-2 2.12E-06 i:i1iii 
Seep SW2-3 OooE+oo ~ 
Seep SW2-4 1.9OE-OS 2,39E-04 

Seep SW2-S O.ooE+oo 1.03E-01 

Seep SW4-1 0.00£+00 4.29E-03 
Seep SW4-2 D06-O' 1.136-02 

Seep SWS-Il O.ooE+oo 5.91E-01 

Seep SWS-3 1.29E-06 1.51E-03 
Seep SWS-4 O.ooE+oo 3_52E-01 

Seep SWS-S O.ooE+oo 9.67E-04 

Seep SWS-6 4,12£-07 3.17E-02 

Seep SWS-7 2.S4E-OS 3.52E-03 

Seep SWS-8 4,47E-06 2.22E-04 

- - -
TH_228 TH_230 TRITIUM TOTAL_RA 

. 6.20E-06 

.1 1.70E-041 
2.73E-06 
4.84E-06 

1.87E-06 

7.66E-OS 
',97E-07 
I.S3E·07 
I.IOE·06 

O.ooE+oo 
8.8SE-08 
2.76E-07 
1.07E·06 
6,44E-07 

7,36£-07 

3,06E·08 
1.12E·06 
1.166·06 
2.57E-06 

O,ooE+oo 
O.ooE+oo 

1,20E·06 
3,98E·07 
2,39E-06 

"'2E·07 
6.74E·OS 
$, ISE-06 
3.22E-06 
1.68E-OS 
9,79E-06 
1.08E·OS 

869E·06 

UIE·06 
S,12E-06 
454E-06 
1.ISE·OS 

3.l8E-OS 

1 6.62E-031 
2.6IE-OS 

S,67E-OS 

1.2SE-OS 

'.67E-06 

1.05Eo41 

1.03E-02 

8.33E-03 

1.28E-02 

1.21E-02 

1.34E-01i 
3,97E-02 

- - - - - - -
Rodionu<:lide Risk Results by Well 

U_234 AM_24 1 PU_238 P~U47 TC_99 PU_239 PB_210 K_40 CM_244 
2.66E-06 

6.3SE-06 

O,OOE+OO 
1.18E-07 

- - -
C_14 00_60 

U3E-OS 

1.28E-OS 

l.70E-06 
8.ooE-06 

6,81£-06 

1.00E-06 
1.62E-O' 
\.I9E-O$ 
8.S1E-08 
3.4IE-06 
l.28£-OS 
7.66E-06 
U2E-OS 

1.706-06 

3.416-06 

4.26E-06 
4.26E-06 
2.SSE-06 
8.SIE-06 
3.7SE-06 

6.8IE-06 

7,66E-06 
1,28E-06 
',96E-07 
U3£-O$ 
8.51£-06 
U9E·0' 
1.70E-06 
S.IIE-06 
7.66E·07 
2.99E-06 

2,92E·06 

1.94E-06 
5.52£-06 
0.00£+00 
O,ooE+OO 

O.ooE+oo 

O.ooE+oo 

4.82E-06 

·13.60E-041 
O.OOE+OO 

O,ooE+oo 

O.ooE+oo 

I.57E-06 

O.ooE+oo 

0,006+00 

0006+00 

O,ooE+OO 

O,ooE+oo 

O,ooE+oo 

O.ooE+oo 

O,ooE+oo 

O,ooE+oo 

O,ooE+oo 

8 

SR_89 ToIaI)l'k 
• 2.83E-OS 

,I 3.GfiE-041 

2.07E-OS 
. 1.89£-0' 

.1 6.05E-041 

8,62E-O' 
5.92E-O' 
3,83E-OS 
3.80E-OS 
1.98E-OS 

8.45£-06 
8,76£-06 
2.40E-05 
2,43E·OS 
\.80£-05 

,I U5E-041 

3.01£-05 
633£-06 
6.06£-06 
3.30£-OS 
8.SS£-O' 
4,0'E-O' 
LS9E-05 
4,86E-O' 
2.36E-O' 
I.82E-O' 

.1 6.58E'()31 

I.66E-O' 
1,96£-OS 
6,89E-OS 
8.33E-OS 

1.78E'()21 

U2E'()3 

2.11E-04 

1.16E'()3 

3.31E-04 

~30E.04 

6.63E-OS 

U6E'()3 

U5E.()1 

6.49E-03 

1.3'E-02 

6.33E'()1 

1.18E-02 
3.57E'()1 

1.37E'()2 

4.34E-02 

1.37E-01 
3.99E'()2 

-

>-
~ ..... 



Table A.2 

WAG WELL CS_137 RA_228 SR 90 
Seep SW~·9 1.23E.(16 .1 5.30E~1 
Seep SW6-1 8.06E·06 7.56E.(16 

Seep SW6-2 O.OOE+OO -6.8OE.(16 

Seep SW7.) O.OOE+OO 3.33E'()5 

Seep SW7·2 O.OOE+OO 3.02E'()~ 

Seep SW7·3 O.OOE+OO 4.76E'()S 
Seep SW7-5 O.OOE+OO -60SE.(16 
Seep SW7-611.80E~1 7.119E~ 

Seep W4TRlI\.II 8.81E..o3 
Seep WHRIB--S 7.10E..o3 
Seep W4TRlB--7 1.50E-02 

- - - - -

Radionuctide Rill< R..,ulllI by Wen 

TH_228 TH_230 TOTAL_RA 

9.07E.(16 
3.S2E-OS 

Ii 

- - - - - - - - - -

C_14 CO_60 
O.OOE+OO 
9.29E.(16 
O.OOE+oo 
O.OOE+OO 

.1 5.6$E~ 

.12.03E~ 

.IU7E~ 
O.OOE+OO 

-

9 

6.A5E-04 
3.36E-04 
5.26E-04 
U2E~ 

4A9E..o2 
2.63£..02 
5.25E-02 

- - -



- -
TableA.3 

WAG 

1 
1 

- - - - - - - - - - - - - - - -
Chemical Risk Results by Well 

WELL 
53 

536 
53 

BE B2CEE TETI122 DeEEII METIiVLI METIiVL2 DIC)3 . PCBI254 BIS_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBON_T DlBENZ_A HCBE 
I 2.74E-04 

, 3.44E-04 

!~O~ 

0,0011.+00 0,0011.+00 0.0011.+00 

O,OOE+OO O.OOE+OO O.OOE+OO 

O,OOE+OO O,OOE+OO O,OOE+OO 

539 O,OOE+OO 0,0011.+00 0.0011.+00 

S40 0,0011.+00 0,0011.+00 0.0011.+00 

541 O,OOE+OO O,OOE+OO 00011.+00 

543 O,OOE+OO O,OOE+OO 1.3311.-05 

1.32E-04 

2.03E-04 

1.42E-04 

0,0011.+00 O,OOE+OO 0,0011.+00 

0,0011.+00 0,0011.+00 0,0011.+00 

O,OOE+OO O,OOE+OO 0,0011.+00 

0,0011.+00 

OOOE+OO 

0.0011.+00 

0.0011.+00 

00011.+00 
0,0011.+00 

0.0011.+00 
0,0011.+00 

0,0011.+00 
0,0011.+00 

545 

S46 

548 
549 
550 

553 

554 
558 

8.44E-04 0,0011.+00 O,OOE+OO 0,0011.+00 O.OOE+OO 

6.10E-04 0,0011.+00 O,OOE+OO 0,0011.+00 OooE+OO 

6. 19E-04 

2A3E-04 

O.OOE+oo 0,OOE+oo".29E-04, O.ooE+oo 
O,ooE+oo O,OOE+oo O,ooE+oo O.ooE+oo 

O,ooE+oo O,ooE+oo 
563 0,0011.+00 0,0011.+00 0,0011.+00 0,0011.+00 

564 00011.+00 o,ooE+oo O,ooE+oo O.ooE+oo 

566 2.67E-04 0,0011.+00 O,OOE+OO 0.0011.+00 

571 2.01E-04 O,OOE+OO O,OOE+OO O,OOE+OO 

572 3.16E-04 O,OOE+OO O.OOE+OO 00011.+00 
579 1.93E-04 0,0011.+00 OOOE+oo 0,0011.+00 

583 0,0011.+00 0.0011.+00 
587 0,0011.+00 O,OOE+OO 00011.+00 0,0011.+00 

0,0011.+00 0,0011.+00 

0,0011.+00 

O,ooE+OO 

0,0011.+00 

00011.+00 
0.0011.+00 

0.0011.+00 

0,0011.+00 

0,0011.+00 0,0011.+00 O,OOE+OO O,OOE+OO 

0,0011.+00 O,OOE+OO 0,0011.+00 0.0011.+00 

0,0011.+00 0,0011.+00 0,0011.+00 1.0211.·06 

O,OOE+OO 0,0011.+00 00011.+00 00011.+00 

0,0011.+00 0,0011.+00 0,00£+00 0,0011.+00 

0,0011.+00 O,OOE+OO 0,0011.+00 1.7111.·06 

0,0011.+00 0,0011.+00 0.0011.+00 

0,0011.+00 0,0011.+00 0,0011.+00 

0,0011.+00 0,0011.+00 0,0011.+00 
0,0011.+00 0,0011.+00 0,0011.+00 

0,0011.+00 0,0011.+00 00011.+00 
O,OOE+OO 0,0011.+00 0,0011.+00 

0.0011.+00 

1.1111.·06 

1S1E·06 
0.0011.+00 

1.0211.·06 
0.0011.+00 

0,0011.+00 0,0011.+00 0,0011.+00 0,0011.+00 

0,0011.+00 0.0011.+00 0.0011.+00 6.8311.-01 

0,0011.+00 0,0011.+00 0.0011.+00 

0,0011.+00 0,0011.+00 0,0011.+00 

0,0011.+00 0,0011.+00 0.0011.+00 

0,0011.+00 
0,0011.+00 

6,8311.-01 

0,0011.+00 0,0011.+00 00011.+00 00011.+00 

00011.+00 0,0011.+00 00011.+00 0.0011.+00 

0,0011.+00 0,0011.+00 0.0011.+00 0.0011.+00 

00011.+00 0,0011.+00 0,0011.+00 6,8311.·07 

588 

589 

590 

593 

1.83E-04 
4.21E-04 

1.83E-04 

3.66E-04 

0,0011.+00 0.0011.+00 00011.+00 0,0011.+00 0,0011.+00 0,0011.+00 0,0011.+00 

596 1.12E-04 , OOOE+OO 0,0011.+00 , , , ' 

597 1.76E-04 2.33E-041 0,0011.+00 0,0011.+00' 1.39E-04' 1.39E-04',.88E-041 0,0011.+00 
598 1.59E-04 O,OOE+OO 0,0011.+00 0,0011.+00 0.0011.+00 0,0011.+00 0,0011.+00 0,0011.+00 

599 1.62E-04 0,0011.+00 O,OOE+OO 00011.+00 0,0011.+00 0,0011.+00 O,OOE+oo 0,0011.+00 

6Q1 O,OOE+OO O,OQE+OO 0,0011.+00 O,OOE+OO 0,0011.+00 0,0011.+00 0,0011.+00 0,0011.+00 

6Q21 ~I O,OOE+OO O,OOE+OO 0,0011.+00 0,0011.+00 0,0011.+00 0,0011.+00 0,0011.+00 

3.4111..061 
00011.+00 

0,0011.+00 

1,1611.·05 

1,7111.·06 
6Q3 

604~~~~ 0,0011.+00 0,0011.+00 O,ooE+OO O,OOE+OO O,OOE+OO 0,0011.+00 0,0011.+00 

6Q1 
6Q8~~--' 

610 2.13E-041 0,0011.+00 0,0011.+00 0,0011.+00 0,0011.+00 0,0011.+00 0,0011.+00 0,0011.+00 1.3711.·06 
611 7.01E-041 0,0011.+00 0,0011.+00 00011.+00 0,0011.+00 0,0011.+00 0,0011.+00 O,ooE+oo O,ooE+oo 

613 
618,P '!!'2.~77!!!'!E!!"'-04'!!"'!11 0,0011.+00 0,0011.+00 O,ooE+OO 

620 O,OOE+oo O,OOE+OO 0,0011.+00 O,OOE+OO 
621 0,0011.+00 O,OOE+OO O,OOE+oo O,OOE+OO 

622 t-!'":::-=-:t 
623 ..... ;;.;.; ....... 

0,0011.+00 0,0011.+00 0,0011.+00 
0,0011.+00 0,0011.+00 0,0011.+00 

0.0011.+00 
0,0011.+00 
O,ooE+OO 

O,OOE+OO 
0,0011.+00 

0,0011.+00 O,OOE+OO 0,0011.+00 

0.0011.+00 0,0011.+00 0,0011.+00 
O,OOE+OO 0,0011.+00 0,0011.+00 

O,OOE+OO 0,0011.+00 0,0011.+00 

0,0011.+00 

1.3111.-05 
0,0011.+00 

2.3911.·06 
0,0011.+00 0,0011.+00 0,0011.+00 0,0011.+00 

0,0011.+00 

0,0011.+00 

0,0011.+00 

0,0011.+00 

0,0011.+00 

0,0011.+00 

0,0011.+00 

O,OOE+OO 

O,OOE+OO 
O,OOE+OO 

O,OOE+OO 

0,0011.+00 

0,0011.+00 

0,0011.+00 

O,OOE+OO 

O,OOE+OO 
0,0011.+00 

O,OOE+OO 

OOOE+OO 
O,OOE+OO 

O,OOE+OO O,OOE+OO 
O,OOE+OO O,OOE+OO 

0,00£+001 1.09E-04' 
O,OOE+OO 0,0011.+00 

O,OOE+OO 
0,0011.+00 

0,0011.+00 

O,OOE+OO 

00011.+00 

OOOE+OO 

0,0011.+00 

0,0011.+00 

00011.+00 
O,ooE+OO 

0,0011.+00 

O,OOE+OO 

00011.+00 
00011.+00 
O,OOE+OO 
0,0011.+00 

O,OOE+OO 

00011.+00 0,0011.+00 

O,OOE+OO 

0,0011.+00 

0,0011.+00 

00011.+00 
0,0011.+00 

0,0011.+00 
0,0011.+00 

O,OOE+OO 

00011.+00 
0,0011.+00 
0,0011.+00 
O,OOE+OO 

0,0011.+00 

0,0011.+00 

00011.+00 
0.0011.+00 

0.0011.+00 

0,0011.+00 
0,0011.+00 

0,0011.+00 

0,0011.+00 

0,0011.+00 

0,0011.+00 

O,OOE+OO 

O,OOE+OO 

0,0011.+00 

O,OOE+oo 

0,0011.+00 
0,0011.+00 

O,OOE+OO 

O,OOE+OO 

O,OOE+OO 

00011.+00 
O,OOE+OO 

0,0011.+00 

0,0011.+00 

0,0011.+00 
0,0011.+00 

00011.+00 

0,0011.+00 

00011.+00 
0,0011.+00 

O,OOE+OO 

O,OOE+OO 

0,0011.+00 , 

1.10E-03' 
0,0011.+00 

0,0011.+00 

O,OOE+OO 

00011.+00 

0,0011.+001 3.42E-04' 1.07E-02' 
0,0011.+00 0,0011.+00 0,0011.+00 

0,0011.+00 00011.+00 0,0011.+00 

0,0011.+00 0,0011.+00 0,0011.+00 

0,0011.+00 00011.+00 00011.+00 

0,0011.+00 0,0011.+00 

0,0011.+00 0,0011.+00 
0,0011.+00 0,0011.+00 

0,0011.+00 0,0011.+00 

0,0011.+00 0,0011.+00 
0,0011.+00 0,0011.+00 

0,0011.+00 0,0011.+00 
0.0011.+00 O,OOE+OO 

0..0011.+00 
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Chemical Risk Results by Well 
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Chemical Risk Results by Well 7 
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956 0.00£+00 0,00£+00 0,00£+00 0,00£+00 O,OOE+OO 

957 0,00£+00 0,00£+00 0.00£+00 0,00£+00 0.00£+00 
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0.00£+00 0.00£+00 
O.OOE+OO 0,00£+00 

OOOE+OO 0.00£+00 

0.00£+00 0,00£+00 

O,OOE+OO 0,00£+00 

0.00£+00 0.00£+00 

O.OOE+OO OOOE+OO 

0.00£+00 0.00£+00 
0.00£+00 0,00£+00 

000£+00 O.OOE+OO 

0.00£+00 000£+00 

O.OOE+OO O,OOE+OO 

0.00£+00 O.OOE+OO 

'"' 

-

> 
~ 
\0 



TableA3 Chemical Risk Results by Well 

INDENO_I NNDNPA PENTACI-U.. VINYL_CH TR1I23 012CI-U..3 OBEI2 0IOXANI4 PROPENE2 
O,OOE+OO O,OOE+OO O,OOE+OO 
O,OOE+OO O,OOE+OO O,OOE+OO 

O.OOE+OO 0,008+00 O,OOE+OO 
O,OOE+OO O,OOE+OO O,OOE+OO 0,008+00 
O,OOE+OO 0,008+00 O,OOE+OO O,OOE+OO 
O,OOE+OO O,OOE+OO OOOE+OO' 6.36E~21 
0,008+00 O,OOE+OO O,OOE+OO O,OOE+OO 
O.OOE+OO O,OOE+OO O,OOE+OO O.OOE+OO 
O,OOE+OO 0,008+00 0,008+00 O,OOE+OO 
0,008+00 O,OOE+OO O,OOE+OO O,OOE+OO 

O,OOE+OO 

0.008+00 
O,OOE+OO 

0008+00 

1 2.75E~1 
O,OOE+OO 

O,OOE+OO 

O,OOE+OO 

O,OOE+OO 

O,OOE+OO 

O,OOE+OO O.OOE+OO O,OOE+OO O,OOE+OO 
O,OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO 
0,008+00 OOOE+OO 0.008+00 0008+00 
O.OOE+OO O,OOE+OO O,OOE+OO 0,008+00 

O.OOE+OO OOOE+OO OOOE+OO O.OOE+OO 
0,008+00 O,OOE+OO O,OOE+OO O.OOE+OO 
O.OOE+OO O,OOE+OO 0,008+00' 3.94E~1 
O,OOE+OO 0,008+00 0,008+00 0,008+00 

O,OOE+OO O,OOE+OO OOOE+OO 0.008+00 
O.OOE+OO 0,008+00 0,008+00 O.OOE+OO 
0.008+00 0,008+00 OOOE+ooI 1.29E~31 
O,OOE+OO 0,008+00 OOOE+OO O,OOE+OO 
O,OOE+OO O,OOE+OO OOOE+OO' 1.86E~31 
O,OOE+OO O,OOE+OO O,OOE+OO O.OOE+OO 
0,008+00 O,OOE+OO O,OOE+OO O,OOE+OO 

- - - - - - - - - - -

_3_3~ 01 

:1 

1 

TOlaUbk 
865E.(l6 

1.74E~2 

8.42E~ 

7.42E~ 

7.92E-G3 
6.37E~2 

2.66E-05 

1.07E~1 
139E-OS 
205E.(J5 
3.15E~2 

6.15E~ 

2.01E~ 

2.49E~3 

1.74E~2 

5,018·OS 
HIE.(l6 

6.93E~1 
2,4OE-OS 

WAG 
4 
4 
4 

4 
4 

4 
4 
4 

4 
4 

5 
5 
S 
5 

S 

5 
S 
S 
S 
S 

5 

5 
5 

8.S2E-OS 5 

1 6.20E~1 5 
1.628-05 S 
5,118-OS 5 

S 
5 

5 
5 

U48-05 5 
I 65E-05 S 
1.04E~ 

3.32E~ 

2.23E~2 

1.32E~3 

1.37E-G3 
6.27E~ 

2.81E~1 

9.07E~2 

1.12E~2 

6.91E-G3 
8.70E-G3 

S 

5 
5 

5 

5 
5 
5 
S 

5 

- -

8 

WELL 
953 
954 

9SS 

956 

957 

958 
959 
960 

961 
962 

440 

441 
468 

4n 
476 

513 
514 

516 
517 
518 > I 
519 I.IJ 

<:> 
520 
521 
522 
523 
524 

525 
526 
708 
715 
716 

963 
964 
965 
966 

967 

968 

969 

970 

971 

9n 
973 

974 
975 
976 

977 

- - - - -



- -
Table A.3 

WAG 

5 
S 
S 

s 
5 
5 

-
WELL 

978 

979 
980 

981 

982 
983 
984 

1105 
1106 

5 1107 
5 1108 
5 4113 

4114 

5 4115 

S 4116 
5 4173 

5 4174 

5 4175 
5 4176 

5 

5 

4171 

4178 

4179 

4179 

4180 

S 4185 

4188 

5 4189 

5 4190 

4191 
5 4193 

5 4195 

5 4198 

4199 

5 4201 

5 4202 
4203 
4204 

5 4205 
5 4206 

S 4207 

4208 

4209 
5 4211 

4212 

S 4213 

-
BE 

3.1SE-OS 

OOOE+OO 
Q,OOE+OO 

O.OOE+OO 
Q.OOE+OO 
3,25E-OS 
9.47E-Q5 

Q,OOE+OO 

6.30E.04 

- - - -
B2CEE TETII22 OCEEIJ METHYL I METHYL:! 

O.OOE+OO O.OOE+OO 7,98E-OS O,OOE+OO O,OOE+OO 

O,OOE+OO O.OOE+OO QOOE+OO O,OOE+OO O,OOE+OO 
O.OOE+OO O.OOE+OO O,OOE+OO O,OOE+OO OOOE+OO 
O,OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO O.OOE+OO 
O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 
Q,OOE+OO O,OOE+OO Q,OOE+OO O,OOE+OO Q,OOE+OO 
Q,OOE+OO OOOE+OO Q,OOE+OO O,OOE+OO Q,OOE+OO 

O,OOE+OO 

Q.OOE+OO 

7.98E-OS 
O,ooE+OO 
O.OOE+OO 

- .. - ,- - - - - .. .. i'" 
Chemical Risk Results by Well 9 

Dle33 PCBt2S4 BIS_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBON_T OmENZ_A HCBE 
Q,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 2,Q9E-OS OOOE+OO O.OOE+OO O,OOE+OO OOOE+OO O,OOE+OO 

O.OOE+OO O.OOE+OO O,OOE+OO O,OOE+OO 6,32E-07 O,OOE+OO O.OOE+OO O,OOE+OO O,OOE+OO OOOE+oo 
O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O.OOE+OO O.OOE+oo O.OOE+OO O.OOE+OO O.OOE+OO O,OOE+OO 

O,OOE+OO O,OOE+oo O,OOE+OO O,OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO O,OOE+OO 

QOOE+OO O,OOE+OO 3.4IE-06 OOOE+OO Q,OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO 
QOOE+OO O.OOE+OO Q.OOE+OO QOOE+OO QOOE+OO O,OOE+OO O.OOE+OO O,OOE+OO O.OOE+OO Q,OOE+OO 

O.OOE+OO O.OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 

Q,OOE+OO O.OOE+OO 2,5SE-05 

O,OOE+OO 0,00£+00 O.ooE+OO 
OOOE+OO Q,ooE+oo O,OOE+OO 
171E-06 OooE+oo O,OOE+OO 
I.Q2E-OS O,OOE+OO 1.70E-OS 

~ .-



TableA3 

lNDENO_1 NNDNPA 
O.OOE+OO O.OOE+OO 
0.00£+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 
0.00£+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 
0.00£+00 O.OOE+OO 
O.OOE+oo O.OOE+OO 

- - - - -

PENT ACHL VINYL CH 

O.OOE+OO' 1.95E-G11 
OOOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+OOI 3.15E-G41 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

-

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

0.00£+00 

1 5.51E-G4, 
O.OOE+OO 
O.OOE+OO 

-

Chemical Risk Results by Well 

TRII23 DI2CHL3 DBEI2 DIOXANI4 PROPENE! 3 3 DI Total R.sk WAG 

- - - - .-

.1 1.96E-G1, 5 
1.14E-OS 5 
2.1SE-OS S 

1 1.69E-G3' 5 
9.33E·05 5 
846£.{lS 5 

1.19E-G4 
2.38E-G3 
2.12E-G3 
5.28E-G3 
3.31E-G2 
8.29E-G4 
1.06E-G1 
2.70E-G3 
4.05E-G4 
9.83E-G1 
7.83E-G1 
1.00E+OO 
6.84E-G2 
3.12E-G2 
2.32E-G1 
1.00E+OO 
1.00E+OO 
1.19E-G1 
1.17E-G1 
1.11E-G1 
2.17E-G3 
8.32E-G2 
2.95E-G1 
4.35E-G1 
1S.12E-G1 
2.1S7E-G1 
1.1S7E-G1 
3.1S7E-G1 
2.45E-G1 
1.58E-G1 
3.47E-G1 
7.01E-G2 
7.35E-G1 
9.71E-G1 
4.78E-G1 
1.95E-G1 
1.00E+OO 
1.98E-G1 
613E·05 

- -

5 
5 
5 
5 
5 
5 

5 
5 
5 

5 
S 

5 
S 

S 

5 
5 
S 
S 

S 
S 

S 
5 

5 

5 

5 

5 

5 
5 
S 

5 
5 
5 
5 
5 
5 

5 
S 

S 

10 

WELL 
918 

919 
980 

981 
982 
983 
984 

1105 
1106 

1101 
1108 
4113 
4114 

4115 
4116 
4113 
4114 
4115 
4176 > 
4177 W 
4118 t-.) 

4119 
4119 
4180 
4185 

4188 
4189 
4190 

4191 
4193 

4195 
419S 

4199 

4201 
4202 

4203 
4204 

4205 

4206 

4207 
4208 
4209 
4211 
4212 
4213 

- - .. -
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TableA3 

WAG 
5 

-
WELL 

4214 

4216 

4218 

5 4219 

5 4221 

5 4224 

5 4225 

5 4226 

5 4227 

4228 

5 4230 

5 423\ 
5 4233 

4235 

5 4238 

5 4239 

5 4240 

5 4241 

5 4242 

5 

5 

5 

4243 

4244 

4245 

4246 

5 4247 

5 4248 

5 4249 

5 4250 

S 4251 

5 4252 

5 4253 

5 4254 

5 4255 

5 4256 

4257 

4258 

5 4259 

5 4260 

S 4261 

5 4262 

5 4263 

S 4264 

5 4265 

5 4266 

5 4267 

S 4268 

- 1- - - -
BE B2CEE TETII22 DCEEII METHYLI METHYL2 

-' - - - - - - - I" 

Chemical Risk Results by Well 

DIC33 PCB I 254 BIS_2_ET BENZ,BFLU BENZENE, BENZAANT BENZAPYR CARBON_T DffiENz'_A 

.. 
\I 

HCBE 

.. 

~ 
W 
W 



TableA,3 Chemical Risk Resulls by Well 12 

[NDENO_1 NNDNPA PENTACHL VlNYL_CH TRII23 DI2CHL3 DBEI2 D10XAN14 PROPENE2 _3_3_D[ Total_Rsk WAG WELL 
704E'()5 5 4214 

1.69E..o3 5 42[6 

1.99E..o3 5 4218 

2.34E..03 .5 4219 

3.43E..o.t .5 4221 

2.03E..o.t 5 4224 

1A8E..o3 5 4225 

1.01E..o1 5 4226 

1.08E..o1 .5 4227 

3.19E..o1 5 4228 

3.19E..o1 5 4230 

1.02E..o1 5 4231 

1.11E..o3 5 4233 

7.17E..Q4 5 4235 

6.13E..o3 5 4238 

9.42E..o2 .5 4239 

1.18E..o1 5 4240 

1.46E..o1 5 4241 

1.31E..o1 5 4242 

1.10E..o1 .5 4243 > • 8.66E-II2 
1A6E..o1 

5 4244 ~ 

5 4245 
~ 

1.34E-II1 5 4246 

9.14E..o2 .5 4247 

1.19E..o1 5 4248 

1.41E..o1 5 4249 

2,43E..o1 5 4250 
2.16E..o1 5 4251 

1.40E..o2 .5 4252 

3.91E..o2 5 4253 

8.12E..o3 5 4254 

1.26E..o2 5 4255 

3.7SE..o.t 5 4256 

2,40E..o3 5 4257 

3.07E..Q4 5 4258 

4.69E..o3 5 4259 

3.65E..o3 5 4260 

1.66E..o3 .5 4261 

8.4SE..03 5 4262 

6.91E..o3 5 4263 

6.51E..o3 5 4264 

1.68E..o2 5 4265 

3.11E..Q2 5 4266 

2.21E..Q2 5 4267 

3.56E..o2 S 4268 

'. - - - - ., - - - - - - - - .. -
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Table A.3 Chemical Risk Resullll by Well 13 

WAG 

5 

5 

WELL BE B2CEE TETlI22 OCEEII METHYLl METHYL:2 DlC33 PCBI2S4 BIS:2 ET BENZBFLU B£NZ£NE B£NZAANT B£NZAPYR CARBON T DlB£NZ A HCBE 

4269 

4270 

4271 

5 4272 

5 4273 

4274 

5 4275 

5 4276 

5 4277 

5 4278 

5 4281 

4282 

S 4283 

5 4284 

5 4285 

5 4286 

4287 

S 4289 

5 4290 

5 

5 
5 

5 

4291 

4294 

4295 

4296 

5 4297 

6 

6 

6 

6 
6 
6 

6 

6 

6 

6 

6 

6 
6 
6 

6 

6 
6 

4298 

4299 

4300 

4307 

74 

83 

83 

~ 4.06E..04 

I 1.48E-43 

2 2.68E..04 

I 4.06E..04 

$ 1.22E..04 

5 1.09E..04 

1 2.64E-43 

! 2.92E..04 

~ 3.29E..04 

) 1.39E-43 
I 1.02E-43 

2 8.66E..04 
, 1.150E-43 

t 3.00E..04 

\ 3.76E..04 
; 2.I54E-43 

1 3.S7E~ 

83 

83 

83 

83 

83 

83 

840 

84 

84 

84 

844 
84 

846 

84 

0,00£+00 0,00£+00 O,OOE+OO 

O,OOE+OO O,OOE+oo O,OOE+OO 

O,OOE+OO O,OOE+OO 0,00£+00 

O,OOE+OO O,OOE+OO 1,33£"()S 

O,OOE+oo O,OOE+OO O,OOE+OO 

0,00£+00 OOOE+OO O,OOE+OO 

O,OOE+oo 0,00£+00 O,OOE+OO 

0,00£+00 OOOE+OO O,OOE+OO 

0,00£+00 O,OOE+OO OOOE+OO 

O,OOE+OO 

0,00£+00 

0,00£+00 

O,OOE+OO 

O,OOE+OO 

000£+00 

O,OOE+OO 

O,OOE+OO 

O,OOE+OO 

O,OOE+OO 0,00£+00 OOOE+OO' 0,00£+00 

O,OOE+OO O,OOE+OO 0,00£+00 

O,OOE+OO 0,00£+00 1.33E·05 

0,00£+00 O,OOE+OO O,OOE+OO 

O,OOE+OO O,OOE+OO O,OOE+OO 

O,OOE+oo O,OOE+OO OOOE+OO 

0,00£+00 0.00£+00 0,00£+00 

0,00£+00 O,OOE+oo O,OOE+OO 

0,00£+00 

0,00£+00 

0,00£+00 

000£+00 

O,OOE+OO 
0,00£+00 

0,00£+00 

- - -; --

0,00£+00 O,OOE+OO O,OOE+OO 

O,OOE+OO O,OOE+OO O,OOE+OO 

OOOE+OO OOOE+OO O,OOE+OO 

O,OOE+OO 000£+00 0,00£+00 

O,OOE+OO O,OOE+OO 0,00£+00 

O,OOE+OO 0,00£+00 9,40E"(); 

0,00£+00 

6,49£·06 

2,73E·06 

O,OOE+OO 

2,73E·07 

1.31£·06 

O,OOE+OO 0,00£+00 0,00£+00 0,00£+00 

O,OOE+OO 0,00£+00 0,00£+00 683£·01 

0,00£+00 O,OOE+OO 0,00£+00 

O,OOE+OO 0,00£+00 O,OOE+OO 

OOOE+OO OOOE+OO O,OOE+OO 

0,00£+00 O,OOE+OO O,OOE+OO 

0,00£+00 000£+00 O,OOE+oo 

O,OOE+oo 0,00£+00 O,OOE+OO 

0,00£+00 O,OOE+OO 0,00£+00 

O,OOE+OO 0,00£+00 000£+00 

0,00£+00 0,00£+00 000£+00 

102E·06 

1.31£·06 
5,46£.06 

3.4 I E-06 

2:05£.06 

5,\9£·06 

3,41£-06 

2,73E-06 
6,83£"()7 

OOOE+OO 

O,OOE+OO 

O,OOE+OO 

O,OOE+OO 

O,OOE+OO 

O,OOE+OO 

0,00£+00 

0,00£+00 

O,OOE+OO 

O,OOE+OO 

0,00£+00 

O,OOE+OO 

OOOE+OO 

O,OOE+OO 

O,OOE+OO 

\,90£·06 

O,OOE+OO 

O,OOE+OO 

0,00£+00 

OOOE+OO 

0,00£+00 

0,00£+00 

0,00£+00, O,OOE+OO 

0,00£+00 \,26£·06 

0,00£+00 \,90£·06 

0,00£+00 000£+00 
0,00£+00 OOOE+OO 

0,00£+00 0,00£+00 

O,OOE+oo 

0,00£+00 

O,OOE+oo 

O,OOE+OO 

0,00£+00 

OOOE+OO 

0,00£+00 

O,OOE+OO 

O,OOE+OO 

0,00£+00 

,O,OOE+OO 

0,00£+00 

OOOE+OO 

O,OOE+OO 

0,00£+00 

O,OOE+OO 

0,00£+00 

0,00£+00 000£+00 

0,00£+00 O,OOE+OO 

0,00£+00 O,OOE+OO 

O,OOE+OO O,OOE+OO 

0,00£+00 O,OOE+OO 

0,00£+00 0,00£+00 

0,00£+00 0,00£+00 

0,00£+00 O,OOE+OO 

O,OOE+OO O,OOE+OO 

O,OOE+OO 0,00£+00 

000£+00 0,00£+00 

OOOE+ool 1.74E..04' 
0,00£+00 1,42£.06 

O,OOE+OO 0,00£+00 

0,00£+00 0,00£+00 

0,00£+00 0,00£+00 

OOOE+OO 0,00£+00 

0,00£+00 0,00£+00 

0,00£+00 0,00£+00 

0,00£+00 0,00£+00 

0,00£+00 0,00£+00 

0,00£+00 0.00£+00 

0.00£+00 0,00£+00 

0,00£+00 OOOE+OO 

OOOE+OO 0,00£+00 

O,OOE+OO O,OOE+OO 

000£+00 0,00£+00 

O,OOE+oo 0,00£+00 

O,OOE+OO O,OOE+oo 

O,OOE+OO 0,00£+00 

O,OOE+OO 0,00£+00 

O,ooE+OO O,ooE+oo 

0,00£+00 0,00£+00 

O,ooE+oo 0,00£+00 

-

>
W 
VI 



TableA3 Chemical Risk Results by Well 14 

WAG WELL 

9.48E-03 5 4269 

9.47E-03 5 4210 

6.29E-03 5 4211 

1.44E-02 5 4212 
4,61E-02 5 4213 
4.80E-02 5 4214 

1.09E-02 5 4215 
1.68E-02 5 4216 
1.24E-02 5 42n 
6.39E-03 5 4218 
1.32E-02 5 4281 

2.51E-03 5 4282 
6.26E-03 5 4283 
6.S9E-03 5 4284 
1.68E-03 5 4285 
1.18E-03 5 4286 
4.68E-04 4281 
7.96E-04 5 4289 
8.88E-03 5 4290 > f 
1.2SE-02 
4.06E-01 

5 4291 ~ 
CJ\ 

5 4294 
7.63E-02 5 4295 
5.62E-03 5 4296 
1.27E-02 4291 
1.23E-02 5 4298 
1A3E-01 5 4299 
1.S7E-02 S 4300 
1.21E-02 5 4301 

O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO 4.22E-04 6 145 
O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 1.S2E-03 6 831 
O,OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.7SE-04 6 832 
O,OOE+OO O.OOE+OO O,OOE+OO O,OOE+OO 4.37E-04 6 833 
O.OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO 1.41E-OS 1.78E-04 6 835 
O.OOE+OO OOOE+OO OOOE+OO O.OOE+OO 2.20E-04 6 836 
O,OOE+OO O,OOE+OO OOOE+OO O,OOE+OO 2.SSE-03 6 831 
O,OOE+OO O.OOE+OO OOOE+OO O,OOE+OO 3.37E-04 6 838 
O,OOE+OO O.OOE+OO OOOE+OO O,OOE+OO 3.71E-04 6 839 
O,OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO 1.42E-03 6 840 
O,OOE+OO OOOE+OO O,OOE+OO O.OOE+OO 1.29E-03 6 841 
O,OOE+OO 0,00£+00 OOOE+OO OOOE+OO 1,34E-06 USE-03 6 842 
0.00£+00 O,OOE+OO 000£+00 O,OOE+OO 3.12E-03 6 843 
0,00£+00 O,OOE+OO OOOE+OO 0.00£+00 4.17E-04 6 844 
O,OOE+OO 0,00£+00 O,OOE+OO O.OOE+OO 4.32E-04 6 845 
OOOE+OO O.OOE+OO 000£+00 O,OOE+OO 2.S6E-03 6 846 
O.OOE+OO 0,00£+00 0,00£+00 0,00£+00 .t.7.tE-04 6 841 

- - ..... - .. - - - - - - -
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Table A,3 

WAG 

6 
6 

6 

6 

6 
6 
6 

6 

6 
6 

6 

6 

6 
6 

6 

6 

6 

6 

6 

6 
6 

6 

6 

6 
6 

6 
6 

6 

6 

6 

6 

6 
7 
7 

1 
7 

7 

1 
7 

7 

7 

1 
7 
7 
1 

Chemical Risk Results by Well 

WELL 

848 
849 

850 

85 

852 
853 

854 
85 

856 
85 

85 

859 

860 

122 

B£ BlC££ TETII22 DC££II METHYL I METHYL2 DIC33 PCBI2S4 BI5_2_£T B£NZBFl.U BENZENE, BENZAANT BENZAPYR CARBON_T DmENZ_A HCB£ 

2.8liE.ot 0,00£+00 0.00£+00 0,00£+00 0,00£+00 0,00£+00 0,00£+00 0,00£+00 1.71E-06 0,00£+00 O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 O,OOE+OO 0.00£+00 

2.93E.ot O,OOE+OO 0.00£+00 1.33£-tlS O.OOE+OO 0,00£+00 O.OOE+OO 0.00£+00 3.4IE·06 o.oOE+OO 3.76E.06 0.00£+00 0,00£+00 0.00£+00 0.00£+00 000£+00 

2.79E.ot 0,00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO OOOE+OO O.OOE+OO 3.4IE-06 O.OOE+OO 1.24£-05 O,OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 

1 3.29E.ot! 0,00£+00 0.00£+00 0.00£+00 0,00£+00 O.OOE+OO 0.00£+00 0,00£+00 3.4IE-06 O.OOE+OO O.OOE+OO· O.OOE+OO 0.00£+00 2.83£.06 0.00£+00 0.00£+00 

! 4.67E.ot O.OOE+OO O,OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O,OOE+OO O.OOE+OO 34IE-06 OOOE+OO 6.96E-OS 0.00£-+00 O.OOE+OO 0,00£+00 0.00£+00 0,00£+00 

I 2.95E.ot O.OOE+OO O.OOE+OO 0,00£+00 0.00£+00 O.OOE+OO 0.00£+00 O,OOE+OO 3.4IE-06 O,OOE+OO O.OOE+OO 0,00£+00 0,00£+00 0,00£+00 0.00£+00 0.00£+00 

I 2.89E.ot, 0.00£+00 0.00£+00 2.66E-tlS 0.00£+00 OOOE+OO 000E+ooi1.57E.oti 3,4IE-06 O.OOE+OO l.26£-06 O,OOE+OO O,OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 

) 7.81E.ot 0,00£+00 0.00£+00 0.00£+00 O,OOE+OO O.ooE+OO O,OOE+OO 0,00£+00 17IE·06 O.OOE+OO O,OOE+OO O,OOE+OO 0,00£+00 0,00£+00 0,00£+00 0,00£+00 

5 9.46E.ot O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 6,49E.06 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 

7 9.48E.ot OOOE+OO 0.00£+00 O,OOE+OO O.OOE+OO O.OOE+OO O,OOE+OO O.OOE+OO 3.4IE·06 O.OOE+OO O,OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 

! 1.20E-03' O.OOE+OO O.OOE+OO O.OOE+OO O,OOE+OO 0,00£+00 O.OOE+OO O.OOE+OO I.7IE·06 O.OOE+OO 6,32£-07 0.00£+00 0.00£+00 O,OOE+OO O.OOE+OO O.OOE+OO 

~ 2.03E-04 
) 1.41E-04 
5 2.73E.()4, 

O.OOE+OO O,OOE+OO 0.00£+00 
O.OOE+OO 0,00£+00 0.00£+00 

O.OOE+OO O.OOE+OO O,OOE+oo 
12261 2.03E.()41 O.OOE+OO O.OOE+OO O.OOE+OO 

1221 000£+00 O,OOE+OO 0,00£+00 0,00£+00 

1228 3.53E.ot 000£+00 0.00£+00 0.00£+00 

1229 1.53E-04 OOOE+OO 0,00£+00 O,OOE+OO 

1231 2.24E-04 O.OOE+OO O,OOE+OO O.OOE+OO 

1233 4.83E-04 000E+ooi1.90E-04i 7,98E·05 

1234 OOOE+OO 000£+00 O.OOE+OO O,OOE+OO 

1236 1.02E-04 0,00£+00 0,00£+00 O,OOE+OO 

1237 2.03E-04 000£+00 0,00£+00 0.00£+00 

1238 1.02E-04 O.OOE+OO O,OOE+OO O,OOE+OO 

1239 2.03E-04 O.OOE+OO OOOE+OO 

1240 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 
1241 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 

1242 O,OOE+OO O,OOE+OO O,OOE+OO O.OOE+oo 

1243 OOOE+OO 0,00£+00 OOOE+OO O,OOE+OO 

1244 O,OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 

124Si1.22E-04i O.OOE+OO O,OOE+OO 0.00£+00 
1249 0,00£+00 000£+00 O,OOE+OO O,OOE+OO 

107Ii1.05E-041 0.00£+00 OOOE+OO 0,00£+00 

1072 4,21£-tlS O.OOE+OO O.OOE+OO 0,00£+00 
1073 3.86E-OS O,OOE+OO O,OOE+OO O,OOE+OO 

10741,.04E-041 O.OOE+OO 0,00£+00 0,00£+00 

1075 4.31£-05 O.OOE+OO O.OOE+OO OOOE+OO 

10761,.25E-041 0.00£+00 0.00£+00 0.00£+00 
1011 5,69E-OS O.OOE+OO O.OOE+OO O.OOE+OO 

1018 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

10191,.12E-041 0.00£+00 O,OOE+OO O.OOE+OO 

1080 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 
1081 O,OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 
1082 OOOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1083 O,OOE+OO O.OOE+OO O,OOE+OO O.OOE+OO 

0.00£+00 
0.00£+00 

O.OOE+OO 
O,OOE+OO 

0.00£+00 

0.00£+00 

O,OOE+OO 

0.00£+00 

000£+00 

O.OOE+OO 

0,00£+00 

0,00£+00 

O,OOE+OO 

O.OOE+OO 
0.00£+00 

O.OOE+OO 

O,OOE+OO 

000£+00 

O.OOE+OO 

O,OOE+OO 

0.00£+00 

0.00£+00 
OOOE+OO 

O,OOE+OO 

O.OOE+OO 

0.00£+00 
O.OOE+OO 

0.00£+00 

O.OOE+OO 

0,00£+00 
O.OOE+OO 
O.OOE+OO 
O,OOE+OO 

0.00£+00 0.00£+00 0.00£+00 
000£+00 0.00£+00 O,OOE+OO 

O.OOE+OO 0.00£+00 O,OOE+OO 
0.00£+00 0.00£+00 0.00£+00 

0.00£+00 0,00£+00 0.00£+00 

000£+00 000£+00 O.OOE+OO 

0.00£+00 0.00£+00 0.00£+00 

0.00£+00 0.00£+00 000£+00 
0,00£+00 0,00£+00 000£+00 

O,OOE+OO O.OOE+OO O.OOE+OO 

O,OOE+OO O.OOE+OO O.OOE+OO 

OOOE+OO O.OOE+OO O.OOE+OO 

OOOE+OO OOOE+OO O,OOE+OO 

0.00£+00 

O,OOE+OO 

102E·06 
0,00£+00 
0.00£+00 

O,OOE+oo 

1.02E·06 

1,31£·06 

0.00£+00 

OOOE+OO 

O,OOE+OO 

O.OOE+OO 
O,OOE+OO 

OOOE+OO 

0,00£+00 0.00£+00 0,00£+00 0.00£+00 
000£+00 O.OOE+OO O.OOE+OO O.OOE+OO 

O,OOE+OO O,OOE+OO OOOE+OO O,OOE+OO 

0,00£+00 O,OOE+OO O,OOE+OO O,OOE.OO 

0,00£+00 O,OOE+OO O.OOE+OO OOOE+OO 

O,OOE+OO 0.00£+00 O.OOE+OO O,OOE+OO 

O,OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

O,OOE+OO O,OOE+OO O.OOE+OO 

0,00£+00 0,00£+00 
O,OOE+OO O,ooE+OO 

O,OOE+OO O.OOE+oo 

O.OOE+oo O,OOE+oo 

O,OOE+OO O,OOE+OO 
0,00£+00 O,ooE+OO 

O.OOE+oo 0.00£+00 

0.00£+00 O,OOE+OO 

O,OOE+OO O,ooE+OO 
O.OOE+OO O.OOE+OO 
O,OOE+OO O,OOE+OO 
O,OOE+oo O,ooE+oo 

O.ooE+OO 
O,ooE+OO 

O.OOE+oo 

0,00£+00 

O,ooE+OO 
O.OOE+OO 

0,00£+00 

0,00£+00 

O,ooE+OO 
O.ooE+OO 
O,OOE+OO 
O.OOE+OO 

O,OOE+OO 

OOOE+OO 
O.OOE+OO 
0,00£+00 

O,OOE+OO 

O,OOE+oo 

OooE+OO 
O,OOE+OO 

OOOE+OO 

O,OOE+oo 

O,ooE+OO 

OOOE+OO 

OOOE+OO 

O,OOE+OO 
O,OOE+OO 

O,OOE+OO 

0,00£+00 

O.OOE+OO 

O,OOE+OO 

0.00£+00 

O,OOE+oo 

O,OOE+OO 
O,OOE+OO 

O,ooE+oo 

O,OOE+OO 

O,OOE+OO 
O.OOE+OO 

0.00£+00 

0,00£+00 

O.OOE+OO 
O.OOE+OO 
O.OOE+oo 
0,00£+00 

O.ooE+OO 
0,00£+00 

O,OOE+OO 
0.00£+00 

O,OOE+oo 

632£·01 
O,OOE+OO 

0,00£+00 
2,53E·06 

O.ooE+OO 

O.ooE+OO 
O,OOE+oo 

OooE+oo 

O.OOE+OO 

O,ooE+OO 
O.OOE+OO 

O.ooE+OO 

O.ooE+OO 

O.OOE+OO 

6.32E·01 
O,OOE+OO 

0.00£+00 

0.00£+00 
O.OOE+OO 

O.OOE+OO 

0,00£+00 

O.OOE+OO 
1.90E·06 

0.00£+00 

O,OOE+OO 

O,OOE+OO 
O.OOE+OO 
O,OOE+OO 
O.ooE+OO 

O.OOE+OO 
0.00£+00 

O.OOE+OO 
O.OOE+OO 

OooE+OO 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

0.00£+00 

0.00£+00 

, O.OOE+OO 

O.OOE+oo 

0.00£+00 

OooE+OO 
0.00£+00 

O.OOE+OO 

O.OOE+OO 

O.OOE+oo 

O.OOE+OO 

O.ooE+OO 

O,ooE+OO 

0.00£+00 
O,OOE+OO 

O.ooE+OO 

O.OOE+OO 

0.00£+00 
.O.OOE+OO 

0.00£+00 

O.OOE+OO 

O.OOE+OO 
0.00£+00 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
0,00£+00 

O.OOE+oo 
O.OOE+OO 

0,00£+00 

0.00£+00 

OOOE+OO 

0.00£+00 
0,00£+00 

0,00£+00 

OOOE+oo 

000£+00 
O,OOE+OO 

O.ooE+OO 
O.OOE+OO 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

0,00£+00 

0.00£+00 

OOOE+OO 

0,00£+00 
000£+00 

O.OOE+OO 

O.ooE+oo 

0,00£+00 
O.OOE+OO 

0.00£+00 

0,00£+00 

0.00£+00 
0.00£+00 
0,00£+00 
0,00£+00 

0.00£+00 
0.00£+00 

O.OOE+OO 
O.OOE+oo 

0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 

0,00£+00 

O,OOE+OO 

O.OOE+OO 

O.OOE+OO 
O,ooE+OO 

0.00£+00 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O,OOE+OO 

0.00£+00 
0.00£+00 

0.00£+00 

O,ooE+OO 

O.ooE+OO 
O,OOE+OO 

0.00£+00 

0.00£+00 

0.00£+00 
0.00£+00 
O.OOE+OO 
O,OOE+oo 

0.00£+00 O,OOE+OO 

OooE+OO O.OOE+OO 

0.00£+00 000£+00 
O,OOE+OO O.OOE+OO 

O.OOE+OO O.ooE+OO 

O.ooE+OO O,ooE+OO 

O.OOE+OO O.OOE+OO 

O,OOE+OO O,OOE+OO 

O,OOE+OO 000£+00 

0,00£+00 O,OOE+OO 

O,OOE+oo O.OOE+OO 

O,OOE+OO O.OOE+OO 

O,OOE+OO O,OOE+OO 

0.00£+00 O.OOE+OO 
0.00£+00 0,00£+00 

O,OOE+OO O.ooE+OO 

O,OOE+OO O,OOE+OO 

O,OOE+OO 0,00£+00 

O.ooE+OO 000£+00 

0.00£+00· O.OOE+oo 

O.OOE+OO 0.00£+00 

0,00£+00 O,OOE+OO 
000£+00 0,00£+00 

0.00£+00 0.00£+00 

0.00£+00 O.ooE+OO 

O.ooE+OO 0,00£+00 
0,00£+00 O,OOE+OO 

O.OOE+OO 0.00£+00 

O.ooE+oo 0,00£+00 

O.OOE+OO O,OOE+OO 
0,00£+00 O.OOE+OO 
0.00£+00 0.00£+00 
0.00£+00 0.00£+00 

IS 

-

> 
W 
-...I 



Table A.3 Chemical Risk Results by Well 16 

INDENO_I NNDNPA PENTACffi.. VINYL_CH TRI123 D12Cffi..3 DBE12 DIOXANI4 PROPENE2 WAG WELL 
0.0011.+00 0.0011.+00 0.0011.+00 0.0011.+00 1.12E-06 6 848 
00011.+00 0.0011.+00 0.0011.+00' 2.15E-G31 61211..07 6 849 
0.0011.+00 0.0011.+00 00011.+00 0.0011.+00 I.34E-06 6 8S0 
0.0011.+00 0.0011.+00 O.OOE+OO 00011.+00 lS8E"()S 6 851 
0.0011.+00 O.OOE+OO 00011.+00 16811.·05 6 852 
00011.+00 0.0011.+00 0.0011.+00 6 853 
0.0011.+00 00011.+00 00011.+00 6 854 
0.0011.+00 0.0011.+00 0.0011.+00 6 855 
0.0011.+00 O.OOE+OO O.OOE+OO O.OOE+oo 6 856 
O.OOE+OO O.OOE+OO O.OOE+OO 0.0011.+00 6 8S7 
0.0011.+00 O.OOE+OO OOOE+OO 0.0011.+00 6 858 
0.0011.+00 O.OOE+OO 00011.+00 0.0011.+00 6 859 
0.00£+00 0.00£+00 O.OOE+OO 6 860 
0.0011.+00 O.OOE+OO O.OOE+OO, 6 1225 
0.0011.+00 O.OOE+OO O.OOE+OO 6 1226 
0.0011.+00 O.OOE+OO 00011.+00 6 1227 
0.00£+00 0.0011.+00 OOOE+oo 6 1228 
O.OOE+OO 0.0011.+00 6 1229 
O.OOE+OO O.OOE+OO O.OOE":OO 6 1231 
O.OOE+OO O.OOE+OO OOOE+OO, 6 1233 ~ O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.0013+00 O.OOE+OO O.OOE+OO O.OOE+OO 6 1234 ~ 
0.00£+00 0.0011.+00 0.0011.+00 6 1236 00 

0.0011.+00 O.OOE+OO O.OOE+OO O.OOE+OO 6 1237 
0.0011.+00 O.OOE+OO OOOE+OO OOOE+OO 6 1238 

0.0011.+00 6 1239 
O.OOE+OO 0.0011.+00 O.OOE+OO O.OOE+OO 6 1240 
O.OoE+OO 0.0011.+00 O.OOE+OO 0.0011.+00 913E"()S 6 1241 
0.0011.+00 0.0011.+00 O.OOE+OO O.OOE+OO 6.13E-G4 6 1242 
O.OOE+OO 0.0011.+00 0.00£+00 O.OOE+OO 2.32E-G3 6 1243 
0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 2.93E-G4 6 1244 
0.0011.+00 0.0011.+00 0.0011.+00 0.0011.+00 0.0011.+00 0.0011.+00 0.0011.+00 O.OOE+OO O.OOE+OO 0.0011.+00 U6E-G4 6 1245 
0.0011.+00 O.OOE+OO 0.0011.+00 O.OOE+OO 1.91E"()S 6 1249 
OOOE+OO O.OOE+OO 0.0011.+00 0.0011.+00 I 1.18E-G41 7 1071 
O.OOE+OO 0.0011.+00 O.OOE+OO 0.0011.+00 5.D6E"()S 7 1012 
0.0011.+00 O.OOE+OO 0.0011.+00 0.0011.+00 7 1073 
0.0011.+00 0.0011.+00 O.OOE+OO 0.00£+00 I 7 1074 
O.OOE+OO 0.0011.+00 00011.+00 O.OOE+OO 7 1075 
0.0011.+00 0.0011.+00 0.0011.+00 O.OOE+OO 

• 7 1076 
OOOE+OO O.OOE+OO O.OOE+OO OOOE+OO 7 1077 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 7 1078 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 7 1079 
O.OOE+OO 0.0011.+00 0.0011.+00 0.0011.+00 IS1E·OS 7 1080 
O.OOE+OO 0.0011.+00 0.0011.+00 O.OOE+OO 3.SIE"()5 7 1081 
O.OOE+OO O.OOE+OO 00011.+00 O.OOE+OO 341E·OS 7 1082 
o.OOE+OO O.OOE+OO O.OOE+OO 0.0011.+00 2.83E·05 7 1083 
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TableA.3 Chemical Risk Results by Well 

WAG 

7 

7 
7 

8 

8 
8 

WELL BE B2CEE TETll22 DCEElI METHYLI METHYL2 DIC3) PCBI254 BIS_2_£T BENZBFLU B£NZENE BENZAANT BENZAPYR CARBON_T DlB£NZ_A HCB£ 

108411.03E4t1 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 

1085 0.00£+00 O.OOE+OO 0.00£+00 000£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 
1086 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO OOOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 

8 
8 

8 

8 

II 
II 
11 
II 
II 

II 

II 
II 
II 
II 
11 
17 
17 
17 
17 
17 

17 

17 
17 

Seep 
Seep 

Seep 

1087 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 

1088 0.00£+00 O.OOE+OO 000£+00 OOOE+OO 
1089 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO 

0.00£+00 
O.OOE+OO 

1090 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 

OOOE+OO O.OOE+oo 

0.00£+00 000£+00 
O.OOE+oo O.ooE+oo 
0.00£+00 0.00£+00 
O.OOE+oo 0.00£+00 
O.ooE+OO 0.00£+00 
0.00£+00 O.ooE+oo 
O.ooE+oo 0.00£+00 
OOOE+oo OooE+oo 

0.00£+00 0.00£+00 

0.00£+00 O.OOE+oo 

O.OOE+OO O.ooE·oo 
0.00£+00 0.00£+00 
0.00£+00 O.ooE+OO 
0.00£+00 000£+00 

1091 O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO O.OOE+OO 
1092 0.00£+00 O.OOE+OO O.OOE+OO 000£+00 0.00£+00 
1093 0.00£+00 0.00£+00 000£+00 0.00£+00 O.OOE+OO 
1094 0.00£+00 O.OOE+OO 0.00£+00 000£+00 0.00£+00 
1095 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1096 O.OOE+OO 0.00£+00 000£+00 000£+00. O.OOE+OO 
1097 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 

1139 O.ooE+oo O.OOE+oo 0.00£+00 OooE+OO O.OOE+OO 
1140 O.OOE+oo O.ooE+oo O.OOE+OO 0.00£'00 0.00£+00 
1141 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1143 0.00£+00 O.OOE+OO 0.00£+00 0.001;+00 O.ooE+OO 
1144 O.OOE+OO O.OOE+OO O.ooE ... oo O.ooE+OO 

114516.35E4t1 0.00£+00 O.ooE+OO 0.00£+00 

1146 OOOE+OO O.OOE+OO 000£+00 O.ooE+oo 
1147 000£+00 O.OOE+OO O.ooE+OO 000£+00 
1148 O.OOE+OO 0.00£+00 000£+00 O.ooE+OO 
1149 O.ooE+oo O.OOE+OO 0.00£+00 0.00£+00 
1246 O.OOE+OO O.OOE+oo 0.00£+00 000£+00 
1196 0.00£+00 O.OOE+OO O.OOE+OO O.ooE+OO 
1197 O.OOE+OO O.OOE+OO O.ooE+OO 000£+00 
1198 O.ooE+oo O.ooE+OO 0.00£+00 O.OOE+oo 
1199 0.00£+00 O.ooE+OO 000£+00 O.ooE+OO 
1200 OooE+oo OOOE+oo OooE+oo O.ooE+oo 

1201 O.ooE+OO O.OOE+oo 000E+ooi3.31E4t1 

1202 000£+00 0.00£+00 000£+00 0.00£+00 
1203 0.00£+00 O.ooE+OO OooE+oo 0.00£+00 

SNW-\ 5.08E-05 
5NW-2 5.08£-05 

BTT 8.13E-05 0.00£+00 0.00£+00 

0.00£+00 O.ooE+oo O.ooE+oo 

O.OOE+OO 000£+00 000£+00 

OooE+oo O.ooE+oo 000£+00 
000£+00 O.OOE+OO OOOE+oo 
O.OOE+OO O.OOE+oo OooE+oo 
O.ooE+oo 0.00£+00 O.ooE+oo 
0.00£+00 O.ooE+OO O.ooE+oo 
O.ooE+OO OooE+oo O.ooE+oo 
O.OOE+OO O.ooE+OO OooE+OO 
O.ooE+oo O.ooE+oo O.ooE+oo 
o OOE+oo O.ooE+OO 000£+00 
O.OOE+OO O.OOE+OO 0.00£+00 

0.00E+00 000£+00 OooE+OO 

000£+00 OOOE+oo 000£+00 
O.ooE+OO O.ooE+oo O.ooE+OO 

Seep FRENCH DRA O.ooE+OO 

Seep RS-I 4.06£-05 

Seep RS-3 4.06£-05 

Seep SW2-1 4.06£-05 

Seep SW2-2 6.IOE-05 

Seep SW2-3 5.08£-05 

Seep 

Seep 

Seep 

Seep 

SW2-4 O.ooE+OO 

SW2-5 O.ooE+oo 

SW4-1 8.13£-05 

SW4-2 813£-05 

Seep SW5-11 4.06£-05 

O.OOE+oo O.ooE+oo 

O.ooE+OO 0.00£+00 

0.00£+00 O.ooE+oo 

0.00£+00 O.OOE+oo 

O.ooE+oo 0.00£+00 

O.ooE+OO O.ooE+oo 

O.ooE+OO 665E-06 

O.ooE+oo 2.66E-05 

O.ooE+OO 

O.OOE+OO 
O.ooE+OO 
OooE+oo 
O.OOE+oo 
O.ooE+OO 
O.ooE+OO 
O.OOE+oo 
O.ooE+OO 

O.ooE+OO 
O.OOE+oo 

OooE+oo 
0.00£+00 
0.00£+00 
0.00£+00 
O.OOE+oo 

O.ooE+OO 

O.OOE+oo 
0.00£+00 
O.OOE+OO 
O.ooE+oo 
OOOE+OO 
O.OOE+OO 
O.ooE+oo 
O.ooE+OO 
0.00£+00 
0.00£+00 

O.OOE+OO 

O.ooE+OO 
O.ooE+OO 

0.00£+00 0.00£+00 

O.ooE+oo 000£+00 . 
O.ooE+OO OooE+oo 
0.00£+00 OOOE+oo 
O.ooE+OO O.ooE+OO 
O.ooE+OO O.ooE+OO 
0.00E+00 O.ooE+oo 
O.OOE+OO O.ooE+oo 
O.ooE+oo O.OOE+oo 

0.00£+00 OooE+oo 

O.ooE+OO OooE+OO' 

O.ooE+OO O.ooE+oo 
0.00£+00 0.00£+00 
0.00£+00 0.00£+00 
O.ooE+oo O.ooE+oo 
O.ooE+oo O.OOE+oo 

O.ooE+oo O.ooE+oo 

0.00£+00 000£+00 
O.ooE+oo OooE+oo 
O.ooE+oo 0.00£+00 
O.ooE+OO O.ooE+OO 
O.ooE+OO O.ooE+oo 
O.ooE+oo O.ooE+oo 
O.ooE+OO O.ooE+oo 
0.00£+00 O.ooE+oo 
0.00£+00 O.OOE+OO 
O.ooE+oo O.ooE+OO 

0.00£+00 U2E-05 

O.ooE+OO OOOE+oo 
OOOE+oo O.ooE+OO 

O.ooE+oo 

O.OOE+oo 

O.ooE+oo 

O.ooE+oo 

0.00£+00 

O.ooE+OO 

000£+00 

O.ooE+oo 

I.90E-06 

O.ooE+oo 

O.OOE+OO 
0,00£+00 
O.OOE+OO 
O:ooE+oo 
O.ooE+OO 
O.ooE+oo 
0.00£+00 
OOOE+OO 

O.OOE+OO 

O.ooE+oo 

O.ooE+oo 
0.00£+00 
0.00£+00 
O.ooE+OO 
O.OOE+OO . 

0.00£+00 

0.00£+00 
0.00£+00 
0.00£+00 
O.ooE+OO 
OooE+OO 
O.ooE+oo 
0.00£+00 
0.00£+00 
0.00£+00 
0.00£+00 

0.00£+00 

000£+00 
O.ooE+OO 

0.00£+00 

O.OOE+oo 
O.ooE+OO 
O.ooE+oo 
O.ooE+OO 
OOOE+OO 
O.ooE+oo 
0.00£+00 
0.00£+00 

O.ooE+OO 

O.ooE+OO 

O.OOE+oo 
0.00£+00 
0.00£+00 
O.ooE+oo 
O.ooE+oo 

0.00£+00 
O,ooE+oo 
0.00£+00 
0.00£+00 
O.OOE+OO 
O.ooE+OO 
O.ooE+oo 
0.00£+00 
O.OOE+OO 
000£+00 
O.OOE+oo 

O.ooE+OO 

OOOE+OO 
0.00£+00 

0.00£+00 

0.00£+00 
O.OOE+oo 
O.ooE+oo 
O.ooE+OO 
O.ooE+oo 
O.OOE+oo 
O.ooE+oo 
O.ooE+OO 

0.00£+00 

O.ooE+OO 

O.ooE+OO 
O.OOE+OO 
000£+00 
OooE+OO 
O.ooE+oo 

O.OOE+oo 

O.ooE+oo 
O.ooE+OO 
O.OOE+OO 
O.ooE+oo 
000£+00 
000£+00 
O.OOE+oo 
O.OOE+OO 
0.00£+00 
O.OOE+oo 

0.00£+00 

000£+00 
O.ooE+oo 

0.00£+00 

O.ooE+oo 

OooE+OO 
O.ooE+OO 

0.00£+00 

OOOE+oo 

O.ooE+oo 

OooE+OO 

O.ooE+oo 

O.OOE+OO O.OOE+oo 

O.OOE+oo O.OOE+OO 
O.ooE+OO O,OOE+OO 
0.00£+00 0.00£+00 
000£+00 O.OOE+OO 
O.ooE+OO 0.00£+00 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.ooE+OO 
O.OOE+oo 0.00£+00 

O.OOE+OO O.OOE+OO 

OooE+OO O.ooE+oo 

O.OOE+OO 000£+00 
000£+00 O.OOE+OO 
O.OOE+oo O.ooE+OO 
0.00£+00 0.00£+00 
000£+00 O.ooE+oo 

OooE+oo OooE+oo 

O.OOE+OO O.ooE+OO 
000£+00 O.OOE+oo 
000£+00 O.OOE+oo 
O.ooE+OO O.OOE+OO 
OOOE+OO O.ooE+OO 
o ooE+OO O.ooE+OO 
OooE+oo 000£+00 
O.OOE+OO O.OOE+oo 
O.ooE+OO O.OOE+OO 
OOOE+oo O.ooE+oo 

0.00£+00 O.ooE+OO 

o ooE+oo O.ooE+OO 
O.ooE+OO O.OOE+oo 

\1 

-

> 
~ 
\0 



TableA.3 

fND£NO_1 NNDNPA P£NTACID. VINYL_CH TRll23 

0.00£+00 0.00£+00 0.00£+00 0.00£+00 

0.00£+00 0.00£+00 0.00£+00 0.00£+00 
0.00£+00 0.00£+00 0.00£+00 0.00£+00 
0.00£+00 0.00£+00 0.00£+00 0.00£+00 

0.00£+00 0.00£+00 0.00£+00 0.00£+00 
0.00£+00 O.OOE+oo O.OOE+OO O.OOE+OO 
0.00£+00 0.00£+00 0.00£+00 000£+00 
O.OOE+OO O.OOE+OO 000£+00 0.00£+00 
O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 
0.00£+00 0.00£+00 0.00£+00 0.00£+00 
0.00£+00 0.00£+00 000£+00 0.00£+00 
0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 

0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 

0.00£+00 0.00£+00 0.00£+00 000£+00 

0.00£+00 0.00£+00 000£+00 000£+00 
0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 
O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 
0.00£+00 0.00£+00 0.00£+00 0.00£+00 
0.00£+00 0.00£+00 0.00£+00 0.00£+00 
0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 

0.00£+00 000£+00 000£+00 OOOE+OO 
000£+00 OOOE+OO 000£+00 000£+00 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 
0.00£+00 O.OOE+OO OOOE+OO O.OOE+OO 
O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 
0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 
O.OOE+OO 0.00£+00 0.00£+00 OOOE+OO 
O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 
0.00£+00 O.OOE+OO OOOE+ool 6.22E..Qal 
O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 
0.00£+00 0.00£+00 000£+00 O.OOE+OO 

0.00£+00 

O.OOE+OO 

0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 

- - - - - -

Chemical Risk Results by Well 

Dl2CID.3 DB£12 DIOXANI4 PROP£NE2 3 3 DI Total !Uk WAO 

o.OOE+OO 0.00£+00 

0.00£+00 O.OOE+OO 

0.00£+00 O.OOE+OO 

0.00£+00 0.00£+00 

O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 

O.OOE+OO OOOE+OO 
0.00£+00 O.OOE+OO. 

O.OOE+OO 0.00£+00 

-

- --I 3.06E4t1 1 

·1 

I 

I 

2.01E'{)S 1 
1.89E'{)S 

6.05E4t1 
862£'{)S 
S.92E'{)5 
l.8lE'{)S 
3.80£.{)5 
198£'{)S 
2.54E'{)S 

8.45£.{)6 
8.16E.{)6 
24O£'{)S 
2.43£'{)S 
1.80£'{)5 

5.65E4t1 
3.01£'{)5 
633£.{)6 
6.06£.{)6 
3.30E'{)S 
8.55E·05 
4.05E·05 
I 59E'{)5 
4.86E.{)5 
236£·05 
1.82£'{)5 

6.58E..Qsl 

166£·05 
1.96£.05 
6.89E·05 
833E'{)5 

1.78E..Q2 

6.62E..Q3 

2.11E4t 

1.16E..Q3 

3.31E4t 

6.aOE4t 

7 

8 

8 
8 
8 
8 
Ii 
II 
8 
8 

8 

8 

II 
II 
11 
II 
II 

II 

11 
II 
II 
II 
II 
17 
17 
17 
17 
17 

17 

17 
17 

Seep 
Seep 

Seep 

Seep 

Seep 

Seep 

Seep 

Seep 
663£'{)S Seep 

1.66E..QS Seep 

1.15E..Q1 Seep 

6.49E..QS Seep 

1.39E..Q2 Seep 

6.33E..Q1 Seep 

-

18 

WELL 
1084 

1085 
1086 

1081 

1088 
1089 
1090 
1091 
1092 
1093 
1094 
1095 

1096 

1097 

1139 
1140 
1141 
1143 
1144 

1145 

1146 > 
1141 a 1148 
1149 
1246 
1196 
1197 
1198 
1199 
1200 
1201 

1202 
1203 

5NW·1 
5NW·2 

Brr 

FRENCHDRA 

RS·I 

RS·3 

SW2·1 

SW2·2 

SW2·3 
SW24 

SW2·5 

SW4-t 

SW4-2 

SWS·II 

- -
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TableA3 Chemical Risk Results by Wen 19 

WAG WELL BE B2CEE TETII22 DCEEII METIiYLI METIiYL2 D1C33 PCBI2S4 BIS_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBON_T DlBENZ_A HCBE 

Seep SWS·3 4.06E-OS 

Seep SWS-4 4.06E-OS 

Seep SWS-S OJlOE+OO 

Seep SWS-6 3.OSE-OS 

Seep SWS-7 3.0SE-OS 

Seep SW5·8 O.OOE+OO 

Seep SW5·9 4.06E-OS 

Seep SW6-1 2.03E·OS O.OOE+OO O.OOE+OO O.OOE+OO OOOE+OO 
Seep SW6-2 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Seep SW1.\ 4.06E-0S O.OOE+OO OOOE+OO O.OOE+OO O.OOE+OO 
Seep SW7.2 4.06E·OS O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO 
Seep SW7·3 S.OSE·OS O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO 
Seep SW7-S 6.IOE·OS O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO 
Seep SW7.6 203E·05 O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO . 
Seep W4TRIB·1I O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO 
Seep W4TRIB·S O.OOE+OO OOOE+OO O.OOE+OO O.OOE+OO 
Seep W4TRIB·1 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

>-
j.. -



Table A.3 Chemical Risk Results by Well 20 

WAG WELL 
1.1BE-42 Seep SW5-3 

3.57E-41 Seep SW5-4 

1.37E-42 Seep SW5-5 

4.34E-42 Seep SW5-6 

1.37E-41 Seep SW5-7 

3.99E-42 Seep SW5-B 

3.06E-42 Seep SW5-9 

O.OOE+OO O.OOE+OO O.OOE+OO 2.96E-04 Seep SW6-1 

O.OOE+OO O.OOE+OO O.OOE+OO 1.85E-43 Seep SW6-2 

O.OOE+OO O.OOE+OO O.OOE+OO B 52E~5 Seep SW7-1 

O.OOE+OO O.OOE+OO O.OOE+OO 6.45E-04 Seep SW7-2 

O.OOE+OO O.OOE+OO O.OOE+OO 3.36E-04 Seep SW7-3 

O.OOE+OO O.OOE+OO O.OOE+OO 5.26E-04 Seep SW7-5 

O.OOE+OO O.OOE+OO O.OOE+OO 9.92E-04 Seep SW7-6 

7.B7E-06 O.OOE+OO O.OOE+OO 4.49E-42 Seep W4TRffi-1I 

O.OOE+OO O.OOE+OO O.OOE+OO 2.63E-42 Seep W4TR1B-5 

O.OOE+OO O.OOE+OO O.OOE+OO 5.25E-42 Seep W4TRIB-7 

> 
j., 
N 

- - - ." .. - -" - - - '-



- .' 
TabIeA.4 

WAG 
1 
1 
1 

1 
I" 

.. - '. 
WELL 

533 
S:16 
S38 

S39 
S40 
S41 
S4) 

S4S 

S46 
S48 
S49 
SSO 
SS) 
SS4 
ssa 

CS_131 !lA_2is SR._90 
O.OOE+OO O.OOE+OO 2.91E+OO 
O.OOE+OO 3.94E+00 ).)2E+00 
O.OOE+OO 9.6OE+OO 2.17£+00 

o.ooE+ool 1.98E+03111.88E+03' 
O.OOE+OO O.OOE+OO 1.13£+00 

3.09E+0" 9.61E+OI 1 1.11£+00 
O.OOE+OO O.ooE+oo 1.95£+00 
O.OOE+OO 4.27£+01 ).1IE+00 

O.OOE+oo 4.10£+00 

0.00£+001 6.45E+O'-1 
o.ooE+oo 

O.OOE+OO 
O.OOE+oo 

i 
0,00£+00 
0.00£+00 

O.OOE+oo 
O.OOE+oo 
1.42E+00 
O.OOE+oo 
) 79E+oo 
3,24£+00 

563 O.ooE+oo l.13[+OI l.2)E+OI 
564 0.ooE+oo18.76E+Oll u4E+021 
S46 O.ooE+oo 4.30£+01 1.97E+01 

S11 S.23E+01 1.13E+OI 2.77E+01 
mI2.86E+o21,.o2E+021 4.HE+OO 
S79 O.ooE+oo O.OOE+oo S.98£+OO 
S83 
S81 O.OOE+OO~~~~ : ~::::I ~·~~~~~I_ "~~~~~, 
S90 3.94E+OI, iJ.~UI;TVA' V .... ~_TV .. , 

S93 0.00£+00 2.63E+01 
S96 0.00£+00 4,5OE +00 
S91 0.00£+00 1.0)£+01 S.34E+01 

'98 0.00£+001 8.54E+Oll 8.9S£+01 
S99 O.OOE+OO O.ooE+oo 1.41E+00 

601 0.ooE+001,.27E+0219.73E+021 

602 O.ooE+OO O.OOE+oo 3.66E+00 
60l o.ooE+OO 4.74E+01 I.99E+OI 
604 O.ooE+oo 4.90£+00 I.6lE+OO 
607 O.ooE+OO 1.I0E+01 3.5OE+oo 

608 O.OOE+oo 2.39E+01 I.20E+01 

OooE +00 O.OOE+oo 
O.ooE+OO 6.09E+00 

610 
611 
613 

618 
620 
621 

0.ooE+001,.26E+021 

4.4l£+00 
9.17£+00 

4.51£+01 

1.03E+00 
6,46E+00 
O.OOE+oo 

000£+00 2.30£+00 
0.00£+00 OooE+oo 
O.ooE+oo 0.00£+00 

622 O,OOE+oo 
613 O,OOE+OO 
634 O,ooE+oo 
8tlG 9,6OE +00 

807 J ,39E +01 
808 l.ooE+OI 
809 1.10E+0 I 
810 8.8IE+00 
811 2.78E+01 
812 1.14E+01 
813 4.47£+00 

3.I3E+00 O,ooE+oo 
O.ooE+oo 1.22£+00 
O,ooE+oo I.30E+01 

1 1.40E+02, 
4,6S£+OO 
2.83E+00 
9.28E+00 
l.03£+00 
3.80£+00 

17.90E+031 
7.6OE+OO 

. ' 

nU28 
3.49E+00 
2,33£+00 
2.38£+01 
2.09E+00 

1.8OE+00 
3.10£+00 

o.ooE+oo 
I.79E+OO 

3.S4E+OO 

2.43£+00 
I.S7£+01 
1.S4E+oo 
1.06£+00 

9.l0E-!l1 
J.62E+00 
2.49£+00 

1,86E+oo 
1.00E+00 
l.76£+00 

1,30£+00 
3.79E+oo 

2.74E+00 
2,94E+00 
1.39£+01 
2,94E+OO 

1.44£+00 

O.ooE+OO 
OOOE+oo 
1.8OE+00 

3.66E+00 
1.4IE+00 
2.S2E+OO 
],SOE..(I1 

8.67E+00 

O.OOE+oo 
3.88E+oo 
O,ooE+OO 

1.47E+00 
O,ooE+oo 
O,ooE+oo 
I.56E+OO 
1,01£+00 

1.0S£+00 

' .. III ' .. '- -, .. 
Rldionuctide R.epresentaa... C""«IIb:lIn""s (pCiIL) 

nC130 TkmUM TOTAL_!lA U_234 
845£+01 
1.32E+OO 
9.00E+00 

2.03E+02 
1.0lE+00 
4,)7£+00 

0,00£+00 
1.S8E+OO 

2,3SE+00 

AM_241 
S.90E+oo 
I.SSE+oo 
1.70E+OI 
O.ooE+oo 

1.07£+00 
4.24E+00 
1.1IE+00 
O.ooE+oo 

8.SOE-OI 

7.3SE+00 

1.I1E+01 
U6E+00 
1.:I6E+OO 

O.ooE+oo 
I.34E+OO 

1.I2E+oo 
1.04E+00 

s.sSE+OO 
2,22E+00 

9.SOE+OO 
2.7IE+00 
O.ooE+oo 

0.00£+00 

O.ooE+OO 
1,5OE+OO 

U2E+OO 
3.80£+00 

2.I'E+03 
2.43E+03 
I.11E+03 

1.3SE+04 

1.96E+03 

1.6SE+03 
1,77E+o4 

3.64£+03 

2.5OE+03 
3ME+03 
).68£+03 

2.7'E+03 
1.33£+03 
1.35£+03 

2.13E+03 
6.1IE+03 

l."E+Ol 
1,46E+Ol 

3.56£+04 
2.15£+04 
7,30E+02 
1.14£+03 
4,98E+03 

7.14£+03 

S80E+03 

l.'2E+03 

1.03£'04 
6,18£+04 

1.90£+00 4,85[+Ol 
O.ooE+OO l.5S£+0) 

2.59E+OOll.82E+05' 
O,ooE+OO 1,72E+03 
2.:I6E+00 7.3lE+Ol 

i.S'E+oo S.42E+04 
O.OOE+OO 
0.00£+00 
o.ooE+oo 
1.00E+00 
1.2SE+00 

3.)1£+03 
433£+Ol 
5,OlE+Ol 
636£+Ol 
S,16E+0) 
2.92£+Ol 

1.4'E+03 
221E+03 
I.IIE+03 
2.96E+03 
2.3IE+03 
7.17E+02 

1.84E+OO 8,84E+03 
2,OS£+0) 

I.OOE+OO 
O.ooE+oo 
'.84E+OO 
O.OOE+oo 

O.ooE+OO 
2.90£+00 
0.00£+00 
O.ooE+oo 
l.S4E+OO 

4.02£+00 

O,ooE+oo 
O.ooE+oo 

S.13E+OO 
8.56£+00 

3.12E+00 
3,90£.01 

O.OOE+OO 

0.00£+00 

2.10£+00 3.18E+oo O.OOE+OO 
O.ooE+OO O.OOE+oo 
1.91£+00 
1.)S[+OI 

2,611£+00 

362E+OO 
O.OOE+oo 2,8IE+00 
O.ooE+oo 2.I1E+00· 

O.ooE+oo 4,62£+00 

4,60£-01 

2.I0E+OO 4.03E+00 O.OOE+OO 

67SE+OO 
3.ooE+oo 
3.70E+OO 
3.70£+00 

O.ooE+OO 
100E+OO 

O.ooE+OO 

1.41£+00 
6,93E +00 O.ooE +00 

654E+00 1.69E+OO 
91OE-lIII 2.04E+Oll 
3.6OE-!l1 
8.00E-lIl O.ooE+OO 

0.00£+00 
0,00£+00 3.4SE+00 

0.00£+00 1.24£+00 
5.1OE+00 13SE+oo 4.30E-lIl 
3.06E+OO 2,87£+00 
S.6OE-lIl 1.01E+00 1.90£.01 

1.00E+00 S.llE+oo 2.90E-lI1 

O.ooE+OO 2l1E+00 
1.3lE+00 2.67£+00 
I. 70E +00 O.OOE +00 

1.18E+00 1.74£+00 
O.OOE+OO 0.00[+00 
O,ooE+OO O.OOE+oo 
4,5OE-01 6.SSE+00 

O.ooE+oo O.ooE+OO 
0.00£+00 
8. II E-OI 
1.51£+00 
7,S7£.01 
I.89E+oo 
2.1OE..(I2 
1,3'E+00 . 
2,16E+0013.46E+021 
2.43E+00 

PU_238 

O.ooE+oo 

O.ooE+oo 

0,00£+00 

O.OOE+oo 

S.20E-!l1 

0.00£+00 

6.4OE·Ol 
O,OOE+OO 
0.00£+00 

0.00£+00 

0.00£+00 

000£+00 

0.00£+00 

O.OOE+OO 

1.05£-01 

PP,U41 

2.7SE+OI 

O.OOE+oo 

TC_99 

2,SOE+00 

S.OOE+oo 
0.00£+00 

O.ooE+OO 
O.ooE+oo 

6.80E+00 
1.60E+00 
3.10£+00 

4.90E+00 

O.ooE+OO 

1.30E+00 

'8.21E+0~' 
3.87£+01 
7,8OE+00 

3.S7£+00 
O.ooE+OO 8.0IE+00 

O.ooE+OO 
3.00E+OO 
O,ooE+oo 
18OE+00 
S.90E+oo 

O.OOE+OO 

'.40E+00 

o.ooE+oo 

- I'" .. '-
PU_239 PB_210 K_4O CM_144 C_14 

O.ooE+OO 

14.43E~' 

:18.65E+021 

'4.33E+01I 

O.ooE+oo 

1.22£+01 1.18E+02 

O.ooE+oo 

0.00£+00 
OooE +ooIP"!', "!.O"!8!!!E-+02~1 

O.ooE+oo 

O.ooE+OO 

.. 
CO_6O 

1.l7E+01 
2,82E+01 
8.IOE+00 
7,)2E+00 
7.03E+00 
1.29E+Ol 
17IE+OI 
16)E+01 

-
SR._89 

,-

)
~ 
~ 



TebleA.4 RadionucUde Representative Concenlnltions (pCi/L) 

WAG WELL CS_1l7 RA_228 SR_90 TH_218 TH_230 TRITIUM TOTAL_RA U_134 AM_241 PU_138 PM -147 TC_\19 PU_139 PB_210 K_40 CM_244 C_14 ooJ'O SR._89 
1 114 HSE+oo 2.97E+00 184E+01 2J6E+00 O.ooE+oo O.ooE+oo O.ooE+oo O.ooE+oo O.ooE+oo O.ooE+OO I.46E+01 
I 81S I.68E+OI I.71E+oo 9.92E+02 8. II E·OI I.IBE+OI 
1 BI6 USE+oo 2.94E+00 L6iiE+01 2.41£+00 2.30E+01 
1 81B 4.S2E+00 U2£+00 4.48E+03 8.92E-01 0.00£+00 0.00£+00 3.00£+01 O.ooE+OO 7.73E+00 
1 BI9 1.27E+OI 5.6l£+00 1.'4£+03 8JIE-OI 0.00£+00 0.00£+00 O.ooE+oo O.ooE+oo O.ooE+oo 7.38E+00 
I 820 9.27E+OO l.6l£+oo 8.10E+01 3.78E-01 7.08E+OO 
1 821 141E+01 2.42E+OO 2.74E+03 4.86£-01 1.42E+01 
1 822 1.9IE+01 l.41E+OO 6.72E+03 U2E+00 1.18£+01 
1 8ll 9.SIE+00 4.83E+00 ).74E+03 1.15E+OO 1.89£+01 
1 824 s.D1E+00 1.07E+00 2.28E+01 1.1SE+00 1.78E+01 
I m 5.84E+00 1.\I9E+01 2.84E+03 8.1 IE-OI 1.65E+01 
1 826 1.45E+01 4.57E+OO 2.07E+03 1.35E+01 
I 827 I.2IE+OI 3.6 I E+oo U4E+03 2.70E-01 2.2'E+01 
I 828 6.98E+00 3.I0E+00 2.I'E+01 I.08E+OO ",5E+OO 

829 4.98E+00 2.IOE+01 1.79£+01 ',4IE-01 2.72E+OI 
830 120E+01 4.l5E+01 3.60E+04 I.08E+oo 1.S8E+OI 
87l O.ooE+oo 1.83E+OI 130E+00 O.ooE+oo 9.7IE+03 O.ooE+OO 2.lOE+OO 
874 O.ooE+oo 1,29E+00 O,ooE+oo O.ooE+oo J.67E+OO 

8" 103E+OI l.3IE+oo 9.27E+00 O.ooE+OO 102E+01 O.ooE+oo O.ooE+oo 4.43E+02 0.00£+00 0.00£+00 3.I1E+02 
B76 O,ooE+OO 
877 000£+00 7.28£+00 2.32E+OI 1.16£+00 0.00£+00 1.l8£+00 U1E+00 O.OOE+oo 9.06E+00 
878 O.OOE+OO O.ooE+oo 0.00£+00 0.00£+00 O.OQE+OO O,OOE+OO 1.16E+00 
879 O.OOE+OO O,ooE+OO 1.09£+00 UlE+oo 1.14£+00 3.02E+03 O.OOE+OO O.OOE+OO 
880 O.OOE+OO O.ooE+oo 1,84£+00 O.OOE+oo 0.00£+00 2.86E+01 O.OOE+OO O,OOE+oo 
881 O.OOE+oo 0,00£+00 2.88£+00 O.OOE+oo O.OOE+OO 2.5iiE+01 0.00£+00 124E+00 > 
882 0.00£+00 3.1'E+OO 203£+01 O.OOE+oo O.OOE+oo 1.0~E+04 O.ooE+OO I.22E+oo t: 884 O'OOE +001 9.33E+011 O,OOE+OO I.IIE+oo 4.59E+00 I.7IE+03 O,OOE+OO 0,00£+00 
885 O.OOE+oo I.30E+01 3.08E+OI 0,00£+00 0,00£+0019,12E+051 0,00£+00 O.ooE+OO 4.60E+00 3.8SE+02 U5£+01 
886 O.ooE+oo O'OOE+OO 3,30£+00 O.ooE+OO O.ooE+OO 1.14E+04 O,OOE+oo O.OOE+OO 
946 1.18£+01 1.59E+01 1.35E+03 3.7I1E+01 
947 8,77E+00 6.49E+00 1,29E+04 2.66E+01 

1100 0.00£+00 1.7SE+OI 1,11£+02 O.OOE+oo O.ooE+oo O.OOE+oo 
1101 O,OOE+OO 1..,£+02 0.00£+00 o.ooE+OO 7,74E+00 
1102 000£+0013.08E~I'·01E+031 O,OOE+OO O'OOE+OO 2.S5E+OO 
1103 O'ooE+OO 1.72E+OI 1,76E+01 O.OOE+OO O.OOE+OO I.\I9E+o~1 O,OOE+oo 
1104 O.ooE+oo I.S3E+OI 8,69E+01 0.OOE+0012.62E+031 7.95E+04 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.ooE+OO 
2511 O.ooE+oo 2.84E+01 6.10E-OI O.OOE+OO 1.65E+03 2,OOE+00 4,90E·OI O'ooE+oo O'OOE+OO I.BIE+OI O,OOE+OO O.OOE+OO 
25ll 0.110£+00 7,49£+00 1.94E+01 O.OOE+oo 
4IIOl 0.00£+00 4.19E+00 2.04£+03 
4004 O,ooE+OO H2E+00 3.25E+03 

783E~1 U5E+o~1 
3.10£+01 6.70E+00 0.110£+110 

41105 OOOE+OO 0,OOE+OO13.12E+0lI1 1.18£+110 O.OOE+OO 3.S4E+O) ),95E+00 000E+~14,OaE+041 6.)4£+01 0,ooE+oola.76E+011 16.69E+o~1 
4006 O,OOE+OO J.95£+00 1.OOE+04 O.ooE+OO 
4008 0.OOE+0011.38E+Ozl 1,74£+00 6,30E+00 O.OOE+OO 8,80E+02 9.00E-01 7.72£+00 O,OOE+OO O.OOE+OO I.IIE+02 0.00£+110 O.ooE+oo 
4009 0.110£+110 O.OOE+OO 3.lOE+02 O,OOE+OO 

2 1150 3.78£+110 6.39E+00 2.lOE+01 8.l2E+OO 
2 IISI 1.51E+01 6.62E+OO 1."E+03 ].7IIE+01 
2 1IS2 5.95E+OI 3.30E+OO IZ.70E+OlI1 4,14E+01 
2 1153 5,14[+110 9.46£+00 U8E+03 4.J8E+01 
2 1154 2.16£+01 ).78E+OO 1.46E+O) 361E+01 

1IS5 4.20[+110 2.23E+OO 3,SIE+03 2.22E+01 
11541 4.05£+01 BOE+OO .1 2.53E+OlI1 U7E+01 
1185 IJS£+OI 2.98E+OO 1J9E+01 2.86E+00 
1186 3.24E+00 2.29E+OO 1.62E+03 35IE+01 
1187 1.30E+00 4.81E+00 1.24E+01 351E+00 
1188 1.22E+OI 2.62E+00 1.82E+03 4,B6E+00 

- - - .. ,- -, - - - .- - - -



_I .. 
TableA,4 

WAG 
2 
2 

3 
3 
3 
3 
3 
3 
3 

3 
3 

3 
3 
3 
3 
4 
4 

4 
~ 

:. 
~ 

4 

4 
4 

~ 
j 

, ~ 

5 

.. 
W£LI. 

1189 
1190 

1191 

1192 
1193 
1194 

119' 
1244 

1245 
98~ 

986 
987 
988 
990 
991 
992 

993 
994 
995 
996 
997 
998 

1248 
948 
949 
9SO 

9'1 
952 
953 
954 

9~~ 

956 
9~7 

958 

959 
960 
961 
962 

440 
441 

468 
472 
476 

513 
514 

516 
517 
$18 
'19 
'20 
m 
522 
523 
524 

'2' 

- ~ 

RA_228 SR_90 
1.53£+00 

, 4.80£+00 

.!e.62E+02' 
S.81£+00 
~.9S£+OO 

4.08£+00 
3,79£+00 

3.46£+00 

19~£+00 

3,51£+00 
2,03£+00 
2.80£+00 
2.59E+00 
2.62£+00 

5,4IE+00 
1.03£+02 
2,35£+00 
2.16£+01 
4.12£+00 
1.92£+00 
2.80£+00 
5,08£+00 
1,6S£+00 
7.01£+00 
19S£+OO 

, 4,05E+01 

!1.25E+02! 
1.94£+00 

3.75£+00 
6,74£+00 
5,69£+00 
~,~I£+oo 

9.73E+OO -

CS_137 

4,32£+01 
2.16£+00 
2,37£+01 

1.l0£+O1 
2,33£+01 
2.77£+00 
l.35£+00 
2,43£+00 

3,78£+00 
1.89£+01 
1.1$£+01 
2,70£+01 
1.89£+00 
1.08£+00 
1,35£+01 
1,62£+01 
1.08£+00 

2.43£+01 
1.08£+01 
1.89£+00 
1.62£+01 
1.35£+00 
3,78£+01 
U9£+00 
2.05E+01 
~,9~E+00 

7.56E+00 
1.57£+01 
2.38£+00 

U5E+00 
5,41£+01 

1.92£+01 
2,41£+01 

4.19E+01 

1.49£+01 
2.0~E+01 

2.43E+01 
4.05£+00 
000£+00 
7.06£+00 1"'9:".;:'62~E::;:+O-=1:+:2:;.90=E:-:-+O::2:1 
0.00£+00 1.70£+00 ~.9OE+00 

0,00£+0018.ll0~+o" • ,--,--1 
O.OOE+OO OJ)Ot.+uu, .~v_· ....... , 
0,00£+00 .. .. 

O,ooE+oo 000£+00 
0,00[+00 0.00£+00 
7,22£+00 0,00£+00 
O,ooE+oo 
7,62£+00 2.41£+01 
0.00£+00 
0,00£+00 

0,00£+00 4.62£+01 
O.ooE+OO 
0,00£+00 6.00£+00 
0.00£+00 

0,00£+00 
0.00£+00 
O.ooE+OO 
0,00£+00 
0,00[+00 

0,00£+00 

0,00£+00 
0,00£+00 
0.00£+00 
O.ooE+OO 

.. /; .. ' .. - (.- - .. -. 
Radionue6de Reptesenlalive Coru:enlnttiOM (pCiIL) 

TIC228 

3,68£+01 
6.06£+00 

3.77£+00 
1.73£+00 

0.00£+00 

5,63E+00 
0.00£+00 
1.04£+00 
2,18E+00 
O.ooE+oo 
8.53£+00 
0.00£+00 
O.ooE+oo 

0.00£+00 

~.6O£+00 

7.20£·01 

TH_2l0 TRITIUM raTAI._RA 
2.86£+03 

. 7.47£+04 

! U2E+OS! 
3.79£+03 
4,86£+02 
6.19E+02 
1.06£+03 
).70£+04 

0,00£+00 
1.53E+03 
I.~S[+03 

111£+03 
1.24£+03 
1.35£+03 
7.84E+02 
8.38E+02 
127E+03 
3.24£+04 
116£+03 
I 48E+03 
1.43E+03 
1.30E+03 
U6E-02 
6.95E+02 
1.95£+04 
8.O~£+02 

2,2IE+02 
2,70E+04 
4.30£+02 

3:o:4'E+'Os 
~ 
rne:oi 
6.96E+Oi 
9 .. 2~':+06 

1.62E+01 ~~~~ 
7,18E+00 .... ~~=" 
3,88£+00 
1.S5£+00~=~ 
2,49£-01 
3.l6£+00~1;.:;,29~£~+O:O:-3 
0,00£+00 1.24E+03 

5,7IE·01 1.6OE+03 

2'38E+00 $'56E+02 
0,00£+00 1.03E+03 
7.77E+00 6,29£+02 
0,00£+00 8.01E+02 
O,ooE+oo 8.17£+02 
0.00£+00 0,00£+00 

1,60£+0) 
2.BO£+00 7,86£+03 
I,BO£-ol 4,IOE+02 

3,64£+00 
2,70£+00 

3,30£+00 
1.37E+00 
~.30E+oo 

UlE+OI 
4,66E·OI 

3.37£·01 
3.IOE-01 
0,00£+00 
9.05£+00 
O.ooE+oo 

OooE+oo 
1.40£+00 

),84[+00 
5,17£+00 

U_234 

1.86[+01 

3.40£+00 
2,SO£+00 
8,40£+00 

1.40£+01 
),30E+oo 
O,ooE+oo 

3.99£·01 
1.28E+00 

AM_241 

7,75£+00 

5.20E·01 
3,10£·01 
0,00£+00 
4,10£+00 

0,00£+00 
O,ooE+oo 
1.12£+00 
6.1OE-01 
O.ooE+oo 

8.56£+00 1.39£+00 
0,00£+00 0,00£+00 

O.ooE+oo, 3.13E+Ol! 
0.00£+00 0.00£+00 
5.15E+00 UO£-1I1 
4,SOE+00 6.80E-1I1 
0,00£+00 O,ooE+oo 

PU_238 

5,75£+00 

5,SO£·01 
1,9OE·OI 

O,ooE+oo 
6,95£+00 

1.48£+00 
0,00[+00 
1,84£·01 
2,24E+00 

O,ooE+OO 
OooE+OO 
0,00£+00 

O,ooE+oo 
O,ooE+oo 
O,ooE+oo 
14OE-1I1 

PM_147 TC_99 PU_239 

2,4IE+01 0.00£+00 
0,00£+00 O,ooE+OO 

1.72£+01 0,00£+00 
o,ooE+oo O,ooE+OO 

l.82£ +02 DO£ +00 
O,ooE+oo 

0,00£+00 0.00£+00 
O,ooE+oo 0,00£+00 
O,OOE+OO O,ooE+oo 

1.12£+02 O,ooE+oo 
0,00£+00 o,ooE+OO 
0,00£+00 0.00£+00 

1.29£+01 0.00£+00 
1.67£+01 O.ooE+OO 
4,64E+01 O.ooE+OO 
O,ooE+oo 0.00[+00 

...... .. -
PO_210 K_4O CM_244 C_14 00_60 

4,03E+oo 
2,66E+oI 

4,23E+00 

~,9~£+O1 

2,71£+01 
U~E+OI 

, 4.93E+OO 

.!4.32E+02! 
4,05£+00 
2.97E+01 
9.71£+00 
2.16£+01 
),24£+00 
4,86E+01 
8,IIE+00 
5.4IE+00 
HI£+OO 
2,43E+01 

~,41£+OO 

1.35£+00 
2.70E-1I1 
243£+01 
270£+01 
2,70£+00 
1.11£+01 
1.42E+01 
191£+01 
5,86[+00 
3,24E+OO 

~,44E+OI 

3.78E+OI 
1,73E+01 

2,09E+01 
2.92E+01 

3,78E+OO 
2,42£+01 
09£+01 

,!,.01E+03! l44£+oo 9.18E+02 
2.97£+00 

5.18£+01 
3,HE+01 1.22E+02 6,70E+02 

I.BO£+02 
0.00£+00 4,82E+02 

! 3.10E+OI' 1.50E+03 
0,00£+00 

O,ooE+oo o.oOE+oo 
,',.80E+02' O,ooE+oo 

0,00£+00 O,OOE+OO 
0,00£+00 7.10£_01 

2,84£+02 O,ooE+oo 
0.00£+00 O,ooE+oo 

0.00£+00 

O.ooE+oo 
119£+02 1.79E-1I1 0,00£+00 
O,ooE+oo 8.80£+02 

O,ooE+oo O,ooE+oo 

.. .. 
SR_89 

~ 



T.bleA.4 

WAG 
~ 

5 

-

O.ooE+oo 
O.ooE+oo 
O.ooE +00 11"'4':".B::6:::E~+O::I:'11 
7.60E+00 2.10E+00 
1.24E+OI O.ooE+OO 
2.ooE+01 O.ooE+oo 
l.09E+OI 1.13E+OO 

4.80E+OO 
O.ooE+oo 
O.ooE+oo 

O.ooE+OO 
1.2IE+00 
4.0~E+OO 

3.29E-OI 

WELL 
526 
108 
71S 

716 
963 
964 
96~ 

966 
967 
968 

969 
970 
971 
972 
973 
974 
975 
976 
977 

978 

979 
980 
981 
982 
9113 
984 

1I0S 
1106 

3.ooE+00 1.02E+00 2.ooE+00 
8.78E+00 0.00£+00 4.89E+00 
2.91£+00 1.79£-01 1.6~E+OO 

1.90E+oo O.ooE+oo' 5.42E+02' 
3.S1£+00 O.ooE+oo 4.01£+00 
1.11£+01 3.16E-OI 4.48E+OI 
8.IIE·01 I.64E+OO 3.44E+OI 
1.)3E+011 7.74E+01'1.42E+02' 
S.24E+00 3.69E+00 3.31£+01 
I06E+OI OooE+ool 5.47E+02' 
1.26E+01 I09E +00 920E+00 
1.94E+01 O.ooE+OO 
6.20E+00 0.00£+00 
4.S9£+00 O.ooE+oo 
7.0SE+00 0.00£+00 
I.08E+oo O.ooE+oo 

1.32E+01 O.ooE+oo 
IUS£+OO 0.00£-00 
1.4~E+OI 1.20E·01 

9.23£+00 
6.16£+00 

1.9IE+00 
4.79£+00 
1.9~E+00 

1.30£+00 
5.22£+00 
1.91£+00 

O.ooE+oo 03E+01 

1I07~~~~~~~~~~~ 
1I08~~~~ 
4113 
4114 
411S 
4116 

4173 

O.ooE+oo 
OOOE+oo 
O.ooE+oo 

4114 
4l7~1"6~.0~8~E!"'+02'!!'!!'11 
41761"'!!'~~~ 

4179 
4180 SS2E+OI 
418~ 

41881~1.~78~E!"'+'!!'!02!'1 
4189 5.87E+02 
41901 9.96E+02 
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4233 I.IIE+02 
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O.OOE+OO 
3.10E+00 
O.OOE+OO 
0.00£+00 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
0.00£+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE-OO 
O.OOE+OO 
0.00£+00 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
8.30E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
3.18E+00 

4.0IE-00 
6.OSE+00 

O.OOE+OO 
O.OOE+OO 
8.21£+00 
O.OOE+OO 
100E+00 

O.OOE+OO 
1.99E+00 
O.OOE+OO 
1.03E+OO 
5.01£+00 
2.34E+00 
1.71E+00 

1.30E+OO 
O.OOE+OO 

O.OOE+OO 

8.1 IE+OO O.OOE+OO 
O.OOE +00 O.OOE+OO O.OOE+OO 

171E+00 
2.36E+00 
527E+00 
4.34E+00 
4.15E+00 
H5E+00 

7.84E+00 
5.42E+00 

11.54E+00 

7.)OE+OO 
4.47E+00 
4.BIE+00 
3.31E+00 
6.45E+00 

2S9E+00 
. 5.14E+00 

IU8E+021 
865E+00 
7.84E+00 
9.46E+00 
2.43E+00 
7.84E+00 
1.51E+00 
2.70E+00 

' ... r.' .' ' .. <- , ... (..,. 

Radionuctide Represenlauve Con .... tnluOl1$ (pCiIL) 

1lI 230 TRITIUM TOTAL RA 
0.00£'+0012.72E+061 0.00[+00 

O.OOE+OO 3.79E+04 1.3 I E+OO 
O.OOE+OO 5.00E+04 O.OOE+OO 
O.OOE+OO 5.95E+04 6.49E-01 
0.00£+00 3.24E+03 \.45E+00 

0.00£+0012.47E+051 O.OOE+OO 

UIE+03 O.OOE+OO 
4.58£+02 3.31HOO 
6.95E+02 8.38E-01 
8.22£+02 O.OOE+OO 
3.95E+03 9.46E.o1 
5.34E+02 O.OOE+OO 

1.20E+00I1.6OE+061 1.30[+01 

1.00E+00 O.OOE+OO 2.24E+00 
O.OOE+OO HOE+03 2.9OE+00 
O.OOE+OO 7.30E+03 O.OOE+OO 
5.99E+00 2.12E+041 1.13E+02! 
O.OOE+OO s..IOE+04 I60E+OO 
I.60E+0016.3OE+051 1.30£+00 

214E+00 O.OOE+OO 
1.39£+00 O.OOE+OO 
7.4SE+OO O.OOE+OO 
O.OOE+OO 0.00£+00 
UI£+OO 
O.OOE+OO 

5.56E+00,-.;~~~ 
3.84E+00~~~~ 
O.OOE+OO 
L62E+00L..;.;~~~ 
L3OE+OI 4.86E+02 
122E+00 0.00£+00 

1.73E+03 
3.32E+02 
9.0IE+02 
4.2SE+02 
Ul3E+03 

11.18E+061 
2.08E+03 
4.02E+04 

.1 5.68E+051 

L~E+03 

1.I4E+03 
1.82E+04 
S.46E+03 

! UOE+051 
24IE+03 
4.21£+03 
L6SE+O) 

6.76E+04 
5.26E+02 
1.35E+02 
9.69E+02 
O.OOE+OO 
1.80E+01 
2.43E+02 

USE+OO 
USE+OO 
114E+00 
O.OOE+OO 
2.03E+00 
I.13E+OI 
O.OOE+OO 

1.53E+00 
O.OOE+OO 

3.31£+00 

U_234 AM_24 I 
O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 
O.OOE+OO 0.00£+00 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

000£+00 O.OOE+OO 

0.00£+00 O.OOE+OO 

122E+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 
I.OOE+OO O.OOE+OO 
3.34E+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 
UOE+OO O.OOE+OO 

I 09E+00 O.OOE+OO 
107£-00 1J9E+00 
O.OOE+OO O.OOE+OO 
5.04E+00 O.OOE+OO 
2.IOE+00 O.OOE+OO 
8.56E+OO O.OOE +00 
1.94E+00 . 2.39E +00 

O.OOE+OO O.OOE +00 
I 61E+01 0.00£+00 

OOOE+OO O.OOE+OO 

1'U_238 
O.OOE+OO 

0.00£+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

2.2IE+00 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
0.00£+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

PM_141 TC_99 

8.IIE·01 
O.OOE+OO 
8. II E-OI 
1.08E+00 
O.OOE+OO 

1.24E+01 

. 1.08E+00 

1 1.11 E+04 1 
6.22E+01 

4.0'£+00 
811E·01 
7.03E+00 
9. 73E+0 1 

232E+02 
O.OOE+OO 
4.32E+00 

1'U_239 

_:\ ,- .. -
PB_210 "_40 

O.OOE+OO 

8.lSE+Ol 

2.51£+02 

2.$2[+02 

1.80E+02 

2.I1E+02 

1.94E+02 

CM_244 

1.91£+01 

O.OOE+OO 

C_14 CO_60 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00£+00 

O.OOE+OO 

1.41E+01 
5.41£+00 
3.58£+00 
U5E+00 
1.26£+01 
2.34£+01 
2.24E+01 

I.79E+OI 
1.19E+OI 
4.0SE+01 
1.3SE+01 
3.43E+01 
5.68E+01 

. 4.OSE+01 

17.96E+021 
1.48E+02 

3.24E+00 
4.59E+01 
2.I9E+OI 
4.86E+01 
40S[+01 

5.4 I E+OO 
2.~[+01 

2.16E+01 

124E+00 
S.l4E+01 
3.78E+01 
2.70E·01 
1.00E+01 
4.05E+01 
2.43E+01 

- -
SR_89 

»-
~ 



TableA.4 

WAG W£LL CS_137 
8 109' 3.24£+01 

8 1096 2.16£+00 

8 1097 1.08E-00 

II 1139 2.22£+00 
II 1140 '.4IE-01 
II 1141 2.lOE+OI 
II 1143 1.119£+01 
II 1144 U3E+01 
I) 114' 3.23£+01 
I) 1146 2.70E+01 
II 1147 '-14£+00 
II 1148 2.97E+00 
II 1149 1.89E+01 
I) 1246 1.3'£+01 
J7 1196 3.78E+01 
J7 1191 1.11£-01 
J7 1198 394£+01 
J7 1199 1.S4E+01 
17 1200 2.70E+00 
11 1201 2.I6E+00 
17 1202 4.00£+00 
17 1203 1.16E+01 

Seep ~-I O.OOE+OO 
Seep ~-2 6.00E-01 
Seep m'2_16E+02! 
Sl!ep FRENCH ORA O.OOE+OO 
sl!ep RS-I BOE+OO 
Soep Rs-l O.OOE+OO 

S"'"" SW2-1 3.20[+00 
Seep SW2-2 3.60E+OO 
Seep SW2-3 O.ooE+OO 
Seep SWl-4 3.23E+01 
Seep SW2-S O.OOE+OO 
Seep SW4-1 O.OOE+OO 
Seep SW4-2 9.01£+01 
Seep SWS-II 0.00£+00 
Seep SWS-3 2.20[+00 

Seep SWS-4 0.00£+00 
Seep SWS-, 0.00£+00 
Seep SWS-6 7.00E-01 
Seep SWS-7 4.32E+01 
Seep SWS-8 7.6OE+00 
Seep SWS-9 2.lOE+OO 
Seep SW6-1 1.37E+01 

Seep SW6-2 0.00£+00 
Seep SW7-1 O.OOE+OO 
Seep SW7-2 O.OOE+OO 
Seep SW7-3 000£+00 
Seep SW7-' 0.00[+00 
Seep SW7'(;,3.05E+021 
Seep W4TRIB-1I 
Seep W4TIlIB-' 
Seep W4TRIB-7 

- - .. ' -

3.78£+00 
4.0'£+00 
1.0'£+01 
2.70£+00 
0.00£+00 
'-14£+00 
7.03£+00 
2.16£+00 
LJS£+OO 
7.'7E+00 
2.16£+00 
1.62£+00 
1.18E+00 
4.67E+00 
5.27E+00 
3.73£+00 
BBE+OO 
2.4'E+OO 
2.89£+00 
180E+01 

. 1.40£+01 

'2.35E+041 
600E+00 

1.83E+02 
9.24E+02 

3,65E+02 
7.42E+02 

100£+01 
3. 16E+02 
1.43E+05 
5.68E+03 
UOE+04 
1.18E+06 

2.ooE+03 

5.73E+o5 

1.2BE+03 

4.26E+04 

4.66E+03 

2.114E+02 

7.01E+02 

I.00E+OI 

·9.00£+00 

4.4OE+01 

4.00£+01 

6.30£+01 

·8ooE+00 
1.04E+03 
U6E+04 

9.39E+03 
2.ooE+04 

TII_228 TII_23O 

-

TRmUM 
9.46E+02 

$.68£+02 

6.49£+02 

2.70£+01 
9.91£+02 
1.02E+03 
2.27£+03 
O.ooE+oo 
O.ooE+oo 
1.0'E+03 
3.SI£+02 
2.lIE+03 
4.86E+02 
HS£+04 
U4E+03 
2.84E+03 
1.48£+().l 
8.63E+03 
9.'3£+03 
7.66£+03 
2.92£+03 
4.'1£+03 
400£+03 
1.90£-04 

2.80£+().l 

15.84E+061 
2.10£+().l 

'.00£+04 
1.10[+04 

S.00£+03 
7.ooE+03 

9.73E+07 
9.14E+06 

7.35E+06 

1.13E+07 

1.07E+07 

1.27E+08 

3.57E+07 

2.69E+07 

2.21E+05 

1.63E+06 

1.00£+04 

8.00£+03 
3.10£+04 
2.60£+04 

Radionuctide RepJeSenlative Concentrations (pCiIl) 

TOTAL_RA 

i_. 

8 

C_14 CO_6O SR_89 
3."£+01 
M1£+00 

1.1111£+01 

U'£+OI 
1.3'£+01 
8.11£<00 
2.70£+01 
1.19£-01 
2.16£+01 
1.43£+01 
4.0'£+00 
1.89£+00 
4.86£+01 
2.70£+01 
3.78£+01 
HI£+OO 
1.62E+01 
2.43£+00 
9.48£+00 
9.26£+00 
6.l7E+00 
1."£+01 
0.00£+00 
0.00£+00 

O.ooE+OO 

~ 0.00£+00 

1.'3£+01 

:11.14E+031 
0 

0.00£+00 
O.OOE+OO 

0.00£+00 

'.00£+00 
0.00£+00 
O.OOE+oo 
0.00£+00 
0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 
0.00£+00 

0.00£+00 

O.OOE+oo 

1.9'£+01 
0.00£+00 

.. - - -



- -
Table A.S 

WAG 

- .. "-- ~, < •.... f,-' . 
_I --. <- .. ~ '" - . - { .. •• ' . ',. 

Chemical Repr .... ntatiYe Concenlnllions (mgIL) 

WELL BE B2CEE TETIl22 OCEEIl METHYL! METHYL2 0103 PCBI2S4 BIS_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBON_T DlBENZ_A HCSE INOENO_I NNONPA 

H3 2.10E.e3 O.OOE+OO O.OOE+OO O,OOE+OO O,OOE+oo 0,00£+00 0,00£+00 0.00£+00 0,00£+00 O,OOE+OO 0,00£+00 0,00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0,00£+00 0.00£+00 

S36 3.39E.e3 0.00£+00 O.OOE+OO O,OOE+oo O.OOE+OO 0,00£+00 O,OOE+OO O.OOE+OO 0,00£+00 0.00£+00 O.OOE+OO O.OOE+OO O,OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0,00£+00 0.00£+00 

538 1.48E.e2 0.00£+00 O,OOE+oo 0.00£+00 0.00£+00 0,00£+00 O,OOE+OO O.OOE+OO 3.00E.o3 O.OOE+OO 0,00£+00 O,OOE+OO O.OOE+OO 0.00£+00 0,00£+00 O.OOE+OO O.OOE+OO 0,00£+00 

S39 0.00£+00 O.OOE+OO 0,00£+00 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 0,00£+00 0.00£+00 O.OOE+OO 0,00£+00 O,OOE+OO 0.00£+00 0,00£+00 O,OOE+OO 0.00£+00 0,00£+00 

'40 1.30E.e3 O,OOE+OO O,OOE+OO 0,00£+00 O,OOE+OO 0,00£+00 O.OOE+OO 0,00£+00 O,OOE+OO 0,00£+00 O,OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO 0,00£+00 O,OOE+OO 0.00£+00 0.00£+00 

S41 2.00E.e3 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 S.OOE.03 0.00£+00 000£+00 O.OOE+OO 0.00£+00 000£+00 0.00£+00 O.ooE+oo 0.00£+00 0.00£+00 

'43 4.30E.e3 0.00£+00 O.OOE+OO 1.00£.03 O.OOE+oo 0.00£+00 0.00£+00 O.ooE+OO 0.00£+00 O.OOE+oo 000£+00 0.00£+00 0.00£+00 O.OOE+oo 0.00£+00 0.00£+00 O.OOE+oo 0.00£+00 

,4S 1.30E.e3 0.00£+00 0,00£+00 0.00£+00 0.00£+00 000£+00 0.00£+00 0.00£+00 S.00£·03 O.OOE+OO 0.00£+00 0,00£+00 0.00£+00 3.00E.o3 0.00£+00 0.00£+00 O,ooE+oo 0.00£+00 

S46 2.00E.e3 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 000£+00 0.00£+00 0.00£+00 2.20E.o2 000£+00 0,00£+00 0,00£+00 0.00£+00 0,00£+00 0.00£+00 O,OOE+OO O.OOE+oo O.ooE+OO 

S48 1.40E.e3 O.OOE+OO OOOE+OO O,OOE+OO O.OOE+OO 0.00£+00 O.ooE+oo O.OOE+OO O.ooE+oo 0,00£+00 0,00£+00 0,00£+00 O.ooE+OO 0.00£+00 0.00£+00 0.00£+00 O,OOE+oo 0.00£+00 

S49 8.31E.e3 0.00£+00 0,00£+00 0,00£+00 0.00£+00 0,00£+00 0,00£+00 0.00£+00 ),00£.03 0.00£+00 0.00£+00 O,ooE+oo 0.00£+00 0.00£+00 0,00£+00 0.00£+00 O,OOE+oo 0,00£+00 

sso 1.00E.o3 0,00£+00 O.OOE+oo 0,00£+00 O.OOE+oo 0,00£+00 O,OOE+OO 0.00£+00 0,00£+00 0.00£+00 0,00£+00 0,00£+00 0,00£+00 0.00£+00 0,00£+00 0.00£+00 0,00£+00 0.00£+00 

SS3 6.10E.o3 O,OOE+OO 0.00£+OO' •• 72E.e3' 0,00£+00 0,00£+00 0.00£+00 0.00£+00 0,00£+00 0.00£+00' 1.72E.ed 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0,00£+00 O.OOE+oo 

"4 2.39E.o3 0,00£+00 0,00£+00 0,00£+00 0.00£+00 0.00£+00 0,00£+00 0,00£+00 2,00£·03 0,00£+00 0.00£+00 0,00£+00 0.00£+00 0.00£+00 0.00£+00 0,00£+00 0,00£+00 0.00£+00 

"8 0,00£+00 0.00£+00 0,00£+00 0.00£+00 
'63 0.00£+00 0,00£+00 0,00£+00 0,00£+00 0,00£+00 0,00£+00 0.00£+00 0,00£+00 0,00£+00 0,00£+00 0,00£+00 0,00£+00 0.00£+00 0,00£+00 0.00£+00 0,00£+00 0.00£+00 0,00£+00 '64 O,ooE+oo O,ooE+oo O,ooE+oo O,OOE+oo 

'66 2.62E.o3 0.00£+00 0.00£+00 0,00£+00 

'71 1.98E.e3 0,00£+00 0.00£+00 0.00£+00 

S72 U1E.e3 0.00£+00 0.00£+00 000£+00 

S79 1.90E.e3 0,00£+00 0.00£+00 0,00£+00 

sa3 o.ooE+oo ·O,OOE+OO 
'87 O,OOE+OO O,ooE+OO O,ooE+oo O.ooE+oo 

Sasl1.80E.e31 O.ooE+OO O.OOE+oo 

O.OOE+OO 

0.00£+00 

O,ooE+OO 

O.ooE+OO 

0.00£+00 

0,00£+00 

O.OOE+OO (lOOE-+OO O.OOE+OO O.OOE+OO 

O,ooE+OO O.OOE+OO 0.00£+00 2.ooE·03 

O.OOE+OO O,OOE+OO 0,00£+00 0,00£+00 

0.00£+00 000£+00 O.OOE+OO O.OOE+oo 

0.00£+00 O,OOE+OO 0,00£+00 O,OOE+oo 

0,00£+00 O.OOE+OO O.OOE+OO 2,ooE.o3 

O.ooE +00 O.ooE '00 

0.00£+00 O,OOE'OO 

O,OOE+OO O,ooE+OO 

O.ooE+OO 000£+00 

0.00£+00 O.OOE+OO 

0.00£+00 
0.00£+00 0.00£+00 

O,ooE+OO 

o,ooE+OO 

0.00£+00 

O,OOE+OO 

0,00£+00 

O,OOE+OO 

O.OOE+OO 

0"00£+00 

O.OOE+OO 

O.ooE+OO 

O,OOE+oo 

O,OOE+OO 

O,ooE+OO 

I U5E.e3 '89 
'90 
'9 

'96 
S9 

0.00£+00 0,00£+00 0.00£+00 0.00£+00 0.00£+00 O,OOE+oo O.OOE+OO 0,00£+00 0.00£+00 OOOE+OO o,ooE+OO O.OOE+OO 

) 1.80E.e3 

, 3.60E.e3 

S 1.10e.e3 O.OOE+OO O,OOE+oo, • 

loo£.O~1 7 1.73e.e3 1.00E.e21 

~ 1.57E.e3 '98 O.OOE+OO 

O.OOE+OO O.OOE+oo, 1.00E+02' 1.00E+02' 2.00E.eZ' 0,00£+00 

0.00£+00 O.OOE+OO O.ooE+OO 000£+00 0.00£+00 0.00£+00 O.OOE+oo 

O.OOE+OO 

3,40E.o2 

~,ooE.o3 

0.00£+00 O.OOE+OO O.ooE+OO 

0.00£+00 O.ooE+oo 0,00£+00 

602 0.00£+00 0.00£+00 O.OOE+oo 0,00£+00 

603 

6041 1AOE.e31 000£+00 O.ooE+OO O.OOE+OO 

607 O,OOE +00 

608 1.10e.e3 

610 2.10E.e3 O.ooE+OO 000£+00 000£+00 

611 6.90E.e3 O.ooE+oo O.ooE+oo O,OOE+OO 

613 . . 

61s1 2.73e.e3' O.OOE+OO 0.00£+00 O.ooE+OO 

620 O.OOE+OO OOOE+oo 0.00£+00 O.ooE+oo 
621 O,OOE+OO O.OOE+oo O,ooE+OO O,OOE+OO 

2.10E-G3 

1.94E.e3 

2.10E.e3 

U8e.e3 

622 

623 

634 

806 

80 

808 

809 

1 5.04E.e3 

I U4e.e3 

I c..H!~.e2 

O.OOE+oo O,ooE+oo O"OOE+OO 

O.OOE+OO O"OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO O,OOE+OO 

0.00£+00 O,OOE+OO O.ooE+oo 

0.00£+00 O,OOE+OO 0,00£+00 

000£+00 o.ooE+oo 0.00£+00 

O.OOE+OO O.OOE+oo O,OOE+OO 

O,OOE+oo 

O.ooE+OO 

O.OOE+OO 

O.OOE+oo 

O.OOE+OO 
O,OOE+OO 
O,OOE+oo 

O"OOE+oo 
O.OOE+oo 

OOOE+OO 

O.OOE+OO 

O.ooE+oo 

O.OOE+oo 

O,OOE+oo O.OOE+OO O.ooE+OO 

O.ooE+oo 0,00£+00 O.OOE+OO 

0,00£+00 O,OOE+oo 0,00£+00 

0.00£+00 0.00£+00 O,OOE+oo O,OOE+oo 

O,OOE+oo O.OOE+OO O,OOE+OO 4.00E.o3 

o.OOE+OO 0,00£+00 O.OOE+OO O.OOE+OO 

oooE+OO O.OOE+OO O.OOE+oo 0,00£+00 

O,ooE+oo 000£+00 O,OOE+OO 3,8SE.o2 
0.00£+00 O.ooE+OO O.OOE+OO O,ooE+OO 
0.00£+00 0,00£+00 O,OOE+OO 1,00£.03 

0,00£+00 0.00£+00, O.ooE+OO O.OOE+OO 

O,OOE+oo O.OOE+OO 0.00£+00 0,00£+00 

O.ooE+OO O,OOE+OO 0,00£+00 O,OOE+OO 

O.OOE+OO 0.00£+00 O"OOE+OO O.OOE+OO 

O.OOE+OO O.ooE+OO O,OOE+OO O.OOE+oo 

O,OOE+oo 0"00£+00 O.ooE+oo 2.38E+02 

1.00E.e2, 

000£+00 • 

OooE+OO, 1.00E.e2' 1.DOE-G2' 

0.00£+00 

O,ooE+oo 

O.OOE+OO 0.00£+00 O.OOE+OO 

O,OOE+OO O,ooE+oo O.OOE+OO 

O,OOE+OO 0.00£+00 

OOOE+OO 000£+00 

0,00£+00 O,OOE+OO 

O.OOE+OO 0.00£+00 

O,OOE+OO O.OOE+oo 

O"ooE+OO O.OOE+OO 

0.00£+00 0,00£+00 
0,00£+00 0.00£+00 
0,00£+00 O,OOE+OO 

O.ooE+OO O,OOE+OO 

O.ooE+OO 

O,OOE+OO 

O.OOE+OO 

O,ooE+OO 

O.ooE+oo 

O.OOE+OO 

O"OOE+OO 
),OOE·03 

),OOE·04 

O.ooE+OO 

O.OOE+OO 0.00£+00 

O.OOE.OO 0.00£+00 

O,ooE+OO 

O.OOE+OO 

O.OOE+OO 

O.ooE+oo 

0.00£+00 
O.OOE+OO 
O.ooE+OO 

0.00£+00 

0.00£+00 

0.00£+00 

0,00£+00 

O,ooE+OO 

0.00£+00 

O,OOE+OO 

O,OOE+OO 

0.00£+00 

O,OOE+oo 

0,00£+00 
O,OOE+oo 

O,OOE+OO 

O.OOE+OO 

O,OOE+OO 

O,ooE+OO 

O,ooE+OO 

O,OOE+OO 

O.OOE+OO 

O.OOE+OO 

O,OOE+OO 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

O,OOE+OO 
0.00£+00 

190£.02 

000£+00 0,00£+00 

0"00£+00 0.00£+00 

O,OOE+OO 0,00£+00 

O.OOE+OO 0,00£+00 

O.OOE+OO 0.00£+00 

O.ooE+OO O.OOE+OO 

0,00£+00 O,OOE+OO 

0,00£+00 O.OOE+OO 

O,ooE+OO 0,00£+00 

O"OOE+OO O,ooE+OO 

O,ooE+OO 0,00£+00 

O.OOE+oo 0,00£+00 

O,ooE+OO 000£+00 O,OOE+OO O"OOE+OO O,OOE+OO 

1,30£·02 ,. . 

O,ooE+OO, ,.OOe.e2',.00e.e2' 1.00e.e2' 1.00E.e2, 

O.ooE+OO O.OOE+OO O,ooE+OO O.OOE+OO O.OOE+oo 

OOOE+OO 0,00£+00 O,ooE+OO O.OOE+OO O,OOE+oo 

O"OOE+OO OOOE+OO O.OOE+OO O.ooE+OO 0.00£+00 

O,OOE+OO 0.00£+00 0,00£+00 0.00£+00 O,ooE+OO 

O,ooE+OO 

O,OOE+OO 

0,00£+00 

0.00£+00 

OOOE+OO 
OOOE+OO 
O,OOE+OO 

0.00£+00 

0.00£+00 
0,00£+00 

O,ooE+OO 

O.ooE+OO 

O"ooE+oo 

O.OOE+OO O.ooE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+oo O,ooE+OO 

O.OOE+OO O.OOE+OO 

O.ooE+OO O,OOE+OO 
OooE+oo O,OOE+OO 

O.OOE+OO O,ooE+oo 

o OOE +00 O,OOE +00 

O.OOE+OO O.OOE+OO 

O.ooE+oo O.OOE+OO 

000£+00 O,OOE+OO 

O.OOE+oo O,ooE+oo 

O.ooE+OO O,OOE+oo 

O.OOE+OO O.OOE+oo 

O.OOE+OO O,ooE+oo 

0.00£+00 O,OOE+OO 

O.ooE+OO 0,00£+00 

O,OOE+OO O.ooE+OO 
O.OOE+OO O,ooE+OO 

O,OOE+OO O,OOE+OO 

0,00£+00 O.OOE+oo 

O.OOE+OO O.OOE+OO 

O,OOE+oo 000£+00 

O.OOE+OO O.ooE+OO 

O.OOE+oo O,ooE+OO 

o.ooE+ool 8.00E.e3, 

-

> 
&t 



Table A.~ Chemical Repre .. ntatiw Concenll1ltioDJ (mgIL) 

PENTACHL VINYL_CH TRl123 012CHL3 OBEI2 0IOXANI4 PROPENE2 _3_3_ 01 WAG WELL 
O.ooE+OO O.ooE+oo I ~33 

5.00E.QZI O.ooE+oo ~36 

O.ooE+oo O.ooE+oo ~38 

O.ooE+oo O.ooE+oo ~39 

O.ooE+OO o ooE+oo ~40 

I 5.00E.QZ O.ooE+oo ~41 

O.ooE+OO 4.30E.QZI ~43 

I 5.00E.QZ O.ooE+oo ~4~ 

O.ooE+oo O.ooE+oo ~46 

O.ooE+oo O.ooE+oo ~48 

O.ooE+oo O.ooE+oo ~49 

O.ooE+oo O.ooE+oo ~~O 

O.OOE+OO1 7.00E.Q31 O.ooE+oo O.ooE+oo O.ooE+oo O.ooE+oo O.ooE+OO O.ooE+oo ~~3 

O.ooE+OO O.ooE+oo ~~4 

O.ooE+oo ~~8 

O.ooE+oo O.ooE+OO ~63 

O.ooE+oo O.ooE+oo ~64 

O.ooE+oo O.ooE+oo ~66 

O.ooE+oo O.ooE+oo HI 
O.ooE+oo O.ooE+oo ~72 

O.ooE+oo O.ooE+oo ~79 

O.ooE+oo ~83 > 
O.ooE+oo O.ooE+oo S87 0. 

O.ooE+oo ~88 
N 

O.ooE+OO O.ooE+oo ~89 

~90 

~93 

O.ooE+oo ~96 

5.00E.QZI O.ooE+oo 

OooE+~1 5.00E.Q31 

~97 

O.ooE+oo O.ooE+oo O.ooE+oo 1.00E~OI O.ooE+oo O.ooE+oo ~98 

O.ooE+oo O.ooE+oo ~99 

O.ooE+oo O.ooE+oo 601 
O.OOE+ool 3.00E.Q31 602 

603 
O.ooE+OO O.ooE+oo 604 

607 

608 
O.ooE+oo O.ooE+oo 610 
O.ooE+oo O.ooE+oo 611 

613 
O.ooE+oo O.ooE+oo 618 
O.ooE+oo O.ooE+oo 620 
O.ooE+oo O.ooE+oo 621 
O.ooE+oo O.ooE+oo 622 
O.ooE+oo O.ooE+oo 623 
O.ooE+oo O.ooE+oo 634 
O.ooE+oo O.ooE+oo 806 
O.ooE+oo O.ooE+oo 807 
O.ooE+oo O.ooE+oo 808 
O.ooE+oo O.ooE+oo 809 

- - - '- -' - - -
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TabIeA,$ Chemical Representative ConcenlrBtiOllll (mgIL) ,) 

WAG WEL.L. BE B2eEE TETlI22 OCEEIl METHYL.l METHYL.2 DIC)) PCBI2$4 BIS_2_ET BENZBFW BENZENE B£NZAANT BENZAPYR CARBON_T DIBENZ_A HCBE INDENO_I NNDNPA 

1110 2.117E-G3 O,OOE+OO O,OOE+OO OOOE+OO O,OOE+OO O,OOE+OO 0,00£+00 OODE+OO L66E-Gl O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 0,00£+00 

811 2.81E-G3 O.OOE+OO O.OOE+OO O.OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO O,OOE+OO $.OOE·04 O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 0,00£+00 O,OOE+OO O,OOE+OO 

812 4.93E-G3 O,OOE+OO O,OOE+OO OOOE+OO O,OOE+OO O,OOE+OO ° OOE+OO OOOE+OO O,OOE+OO 000£+00 O,OOE+OO O,OOE+OO 0,00£+00 0,00£+00 O,OOE+OO 0,00£+00 0,00£+00 0,00£+00 

81) 3.62E-G3 O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 2,6OE-04 0,00£+00 O,OOE+OO 6,0IE·03 O,OOE+OO O,OOE+OO ),OOE-o) O,OOE+OO 0,00£+00 O,OOE+OO 0,00£+00 

1114 2.78E-G3 O,OOE+OO O,OOE+OO O,OOE+OO 0,00£+00 O,OOE+OO O,OOE+OO 000£+00 4,OOE-o) O,OOE+OO I.00E·03 O,OOE+OO O.OOE+OO O.OOE+OO O,OOE+OO O.OOE+OO 0,00£+00 O,OOE+OO 

815 O,OOE+OO OOOE+OO 0,00£+00 O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO 0,00£+00 O,OOE+OO 0.00£+00 0.00£+00 0,00£+00 O.OOE+OO O,OOE+OO 

816 O,OOE+OO O.OOE+OO O.OOE+OO OOOE+OO 0.00£+00 OOOE+OO OOOE+OO O,OOE+OO O.OOE+OO O,OOE+OO 0,00£+00 O,OOE+OO 0,00£+00 O,OOE+OO 0,00£+00 0,00£+00 O,OOE+OO 

818 0,00£+00 ~OOE-o) 500E-o) O,OOE+OO O,OOE+OO O,OOE+OO ° OOE+OO O,OOE+OO O.OOE+OO 5,OOE·O) OOOE+OO O,OOE+OO 5,OOE-03 O,OOE+OO O.OOE+OO O,OOE+OO O,OOE+OO 

819 O,OOE+OO SOOE"()3 5.00E"()) O,OOE+OO O,OOE+OO O,OOE+OO OOOE+OO O,OOE+OO O,OOE+OO 5.42E·03 O,OOE+OO O,OOE+OO ' 5,OOE"()) OOOE+OO O,ODE+OO O,OOE+OO O.OOE+OO 

820 O,OOE+OO 0.00£+00 O,OOE+OO 0.00£+00 O,OOE+OO O,OOE+OO 000£+00 U6E"()2 O.OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 0,00£+00 O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 
821 O,OOE+OO O,OOE+OO O,OOE+OO 0,00£+00 O,OOE+OO O,OOE+OO O,OOE+OO OOOE+OO 2,24E"()2 O,OOE+OO O,OOE+OO O,OOE+OO OOOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O.OOE+OO 
822 ).20E"()4 0.00£+00 O,OOE+OO O.OOE+OO 0.00£+00 O,OOE+OO O,OOE+OO OOOE+OO 1.95E"()2 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O,OOE+OO 
823 0,00£+00 O,OOE+OO O.OOE+OO O,OOE+OO O.OOE+OO 0,00£+00 0.00£+00 O.OOE+OO L70E"()2 O.OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 0,00£+00 O,OOE+OO 0,00£+00 O,OOE+OO 

824' ,.64E-G" O,OOE+OO O.OOE+OO O,OOE+OO' 0,00£+00 0,00£+00 OOOE+OO OOOE+OO 2.70E·02 O,OOE+OO 2,OOE·03 O.OOE+OO 0,00£+00 O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 

825 7.50£·04 O.OOE+OO OOOE+OO O,OOE+OO O,OOE+OO OOOE+OO ° OOE+OO O,OOE+OO 5,00£·03 O,OOE+OO O,OOE+OO OOOE+OO O.OOE+OO OOOE+OO OOOE+OO O.OOE+OO O.OOE+OO O,OOE+OO 

826 7.17E-04 O,OOE+OO OOOE+OO O.OOE+OO O,OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2,2~E"()2 O,OOE+OO \,OOE·03 O,OOE+OO O.OOE+OO O.OOE+OO O,OOE+OO O,OOE+OO O.OOE+OO O.OOE+OO .. ~ ~ 

IS" ~.ulE-G3 O.OOE+OO 0.0010+00 O.OOE+OO 

828 3A2E-G3 0.0010+00 O,OOE+OO O.OOE+OO 

829 4.DOE-G3 0.00£+00 O,OOE+OO O.OOE+OO 

830 1.11OE-G3 O,OOE+OO 0.00£+00 OOOE+OO 

813 1.BOE-G3 O,OOE+OO OOOE+OO O.OOE+OO 

874 O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 

87S O,OOE+OO 0,00£+00 O,OOE+OO OOOE+OO 

876 O.OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 

877 O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 

878 O.OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 

879 O,OOE+OO O,OOE+OO O,OOE+OO O,OOE +00 

880 O,OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO 

881 O,OOE+oo OOOE+OO SOOE"()3 5,OOE"()3 

882 O.OOE+OO O,OOE+OO O.OOE+OO O.OOE+OO 

884 O,OOE+OO O.OOE+OO ° OOE+OO O,OOE+OO 

885 OOOE+OO O,ooE+OO ° ooE+OO O.OOE+oo 

886 O,OOE+oo O,ooE+oo O,OOE+OO O,OOE+OO 
946 6.60E"()4 OooE+oo O,OOE+OO o,ooE+oo 
947 6,70E..()4 O,OOE+OO O.OOE+OO o,ooE+OO 

1100 O,OOE+OO O,ooE+oo O.OOE+oo O,OOE+oo 

1101 O,ooE+oo O.OOE+OO O,OOE+OO O,ooE+OO 

1102 0,00£+00 O.OOE+oo O.OOE+OO O,OOE+oo 

1103 0,00£+00 0.00£+00 O,OOE+OO O,OOE+oo 

1104 O,OOE+oo O,ooE+oo O,ooE+oo O,OOE+OO 

2~31 ° ooE+OO O,OOE+oo OooE+OO O.OOE+OO 

lS31 1.00E-G3 O,OOE+oo O,OOE+OO O,OOE+OO 

400) 2.B2E-G3 O.OOE +00 O,OOE+OO O,OOE+OO 

4004 1.25E.o3 O,OOE+OO O,OOE+OO O.OOE+OO 

4005 1.03E-G3 O,ooE+OO O,OOE+oo O.OOE+OO 

4006 1.10E-G3 O,OOE+oo O.OOE+oo O,OOE+oo 

4008 0,00£+00 o.OOE+OO O,ooE+oo O,OOE+OO 
4009 0,00£+00 O,OOE+OO O,ooE+oo O.ooE+OO 
11'0 O,ooE+OO O.OOE+OO O,OOE+oo O,OOE+OO 
1151 O,ooE+OO O,ooE+OO O,ooE+OO O,OOE+oo 
11'2 O,OOE+oo O.OOE+OO O,OOE+OO O,ooE+oo 

O,OOE+OO 

O,ooE+oo 

0.00£+00 

0,00£+00 

O,ooE+oo 

O.ooE+OO 

o,OOE+ool 
O.OOE+oo 

O,OOE+oo 

0,00£+00 

O,ooE+oo 

O,ooE+oo 

O,OOE+OO ° OOE+OO O,OOE+OO 

0.00£+00 0.00£+00 OOOE+OO 

O,ooE+oo O,ooE+OO O.ooE+OO 

4,OOE-63 

2.00£-03 

6.00£·0) 

O,OOE+OO 6,26E·03 O,ooE+OO 

OooE+OO 

0.00£+00 

o OOE+OO 

O.OOE+oo 

O,ooE+OO 

OooE+OO 

O,ooE+oo 

0,00£+00 

O,ooE+oo 

O.OOE+oo 

O,ooE+oo 

O,OOE+oo 

O,OOE+oo 

O,OOE+OO 

OOOE+OO 

0,00£+00 
O.ooE+OO 
O,OOE+OO 

O,OOE+oo 

O,OOE+oo 

O,OOE+oo 

0,00£+00 

O,ooE+oo 

0,00£+00 

OooE+oo 

O,OOE+oo 

O,OOE+oo 

O,ooE+OO 

O.ooE+oo 

O.ooE+oo 

O,ooE+OO 

O,ooE+OO 

O.OOE+OO 

O,ooE+OO 

O.OOE+oo 

O,ooE+oo 

O,ooE+OO 

0.00£+00 
O.OOE+oo 
O,ooE+OO 

OooE+OO 

0,00£+00 

O,OOE+oo 

O,ooE+oo 

0,00£+00 
O,OOE+OO 

O,ooE+oo 

O,OOE+OO 

0.00£+00 

O,OOE+OO 

O.OOE+OO 

O,OOE+OO 
O.OOE+oo 
O.OOE+OO 
O,ooE+OO 
O,ooE+oo 

O,ooE+OO O.ooE+oo O.OOE+OO "ooE·03 

O.ooE+OO O,OOE+oo O.OOE+OO 2,ooE"()3 

O.ooE+OO O,ooE+oo O,ooE+OO O,ooE+OO 

1.00E-GZ' O.ooE+OO 0.00£+00 O,ooE+oo 

O,ooE+oo O,ooE+OO O,OOE+oo O.OOE+oo 

O,OOE+oo O.OOE+oo O.OOE+oo 3,90£.02 

0,00£+00 0,00£+00 O.OOE+OO O,ooE+OO 

O,OOE+OO O,OOE+oo O.ooE+OO O,OOE+oo 

O,OOE+oo O,ooE+OO O,OOE+OO 

0,00£+00 'O.OOE+OO O,OOE+OO O.OOE+oo 

O,ooE+OO 

O,OOE+OO 

O,ooE+OO 

O,OOE+OO 

OooE+OO 

O,OOE+oo 
O.ooE+oo 
0,00£+00 

0,00£+00 

O,ooE+oo 

OooE+oo 

O,ooE+oo 

0,00£+00 
O,OOE+oo 

0,00£+00 

O,OOE+OO 
Q,OOE+OO 

O,ooE+oo 

0,00£+00 

O.ooE+oo 
O.ooE+oo 
O,ooE+OO 
O,OOE+OO 
0,00£+00 

O.OOE+OO 0,00£+00 O,OOE+OO O,ooE+oo 

O.OOE+oo OOOE+OO O.OOE+oo O,OOE+OO 

O.OOE+oo OooE+OO O,OOE+oo L48E"()2 

O.OOE+OO O.OOE+OO O.ooE+OO O,ooE+OO 
000£+00 ° OOE+OO O.OOE+oo 4.00E"()3 
O,OOE+OO O,OOE+oo 0,00£+00 4.00E-03 

O.OOE+OO O.OOE+oo O,OOE+OO O,ooE+oo· 

0,00£+00 O,ooE+OO O,OOE+oo O,OOE+oo 

0,00£+00 O,OOE+OO OOOE+oo O,ooE+oo 

O,ooE+oo ° OOE+OO O,OOE+oo 

0,00£+00 O,ooE+OO O.OOE+oo 
0,00£ +00 O.ooE +00 

0,00£+00 O,OOE+oo 

O.OOE+OO OOOE+OO 
0,0010+00 O,OOE+OO 

0,00£+00 0.00£+00 

0,00[+00 0:00£+00 

O.OOE+OO O,OOE+.OO 
O,ooE+OO O,ooE+OO 
O,OOE+OO O,OOE+OO 
O,ooE+OO O,OOE+OO 
O,OOE+OO O,ooE+OO 

O,ooE+OO 

3.oo£"()3 
9,OOE"()) 

O,ooE+oo 

6,OOE-61 
O,OOE+OO 

O,OOE+OO 

0,00£+00 

O.ooE+oo 
O.ooE+OO 
3.ooE"()3 

O,OOE+OO 
O,ooE+OO 

O,OOE+oo 0.00£+00 

O,ooE+oo 0.00£+00 

0.00£+00 ° ooE+OO 
O,ooE+oo O,OOE+oo 

O,OOE+oo O.OOE+OO 

0,00£+00 O.OOE+oo 

O,OOE+OO O.OOE+OO 

o,ooE+OO O,ooE+oo 

0,00£+00 O.OOE+oo 

O,OOE+oo 0,00£+00 

O,OOE+OO O,ooE+OO 

0. OOE +00 ,. ooE·03 

0,00£+00 0,00£+00 

O,OOE+OO OooE+OO 

0,00£+00 O.OOE+OO 

000£+00 O.OOE+oo 
O.ooE+oo 0.00£+00 
OooE+OO O.OOE+oo 

0,00£+00 O,ooE+OO 

O,ooE+oo O.ooE+oo 

O,ooE+OO O,OOE+oo 

000£+00 O.OOE+oo 

O,ooE+oo O,OOE+oo 
O.ooE+OO O,OOE+OO 

O,ooE+oo O.ooE+OO 

0,00£+00 0.00£+00 

O,OOE+OO O.OOE+OO 

0.00£+00 O,ooE+oo 

0,00£+00 OOOE+OO 

O.OOE+oo O,ooE+OO 
O,ooE+oo O.OOE+oo 
O,ooE+oo O,OOE+OO 
0,00£ +00 O,OOE +00 
O,ooE+OO 1.00£·0) 

° OOE+oo 
O,ooE+oo 
O,OOE+OO 

O,OOE+oo 

O,OOE+OO 
0,00£+00 

O,OOE+OO 

0,00£+00 

O.ooE+oo 
OooE+oo 
OooE+oo 
O.OOE+OO 
O.OOE+OO 

O,OOE+OO 

O,OOE+oo 

O.ooE+OO 

0,00£+00 

O,ooE+oo 

O.OOE+OO 

O,OOE+oo 

O.OOE+oo 

O.ooE+OO 

O,ooE+OO 

O,ooE+oo 

O,ooE+oo 

5,00£..()3 

O,OOE+oo 

O,OOE+oo 

O,OOE+oo 

O,ooE+oo 
O,OOE+oo 
O.OOE+oo 

O.ooE+oo 

O,ooE+OO 

0,00£+00 

O.OOE+OO 

O.ooE+oo 
O.ooE+OO 

0,00£+00 

O,OOE+OO 
0,00£+00 

0.00£+00 

O.ooE+OO 

0.00£+00 
O.OOE+oo 
O,ooE+oo 
O,OOE+OO 
O,OOE+OO 

O,OOE+OO O,OOE+OO 

OooE+OO 0.00£+00 

O,ooE+oo O.ooE+oo 

O.OOE+oo O,OOE+OO 

O,ooE+oo 0.00£+00 

O,OOE+oo 0,00£+00 

O.ooE+oo O,OOE+oo 

O.ooE+OO O.OOE+OO 

O,ooE+OO 0,00£+00 

000£+00 O.OOE+OO 

000£+00 O,OOE+OO 

O.OOE+OO O.ooE+oo 

0,00£+00 O.ooE+oo 

O,OOE+OO O.ooE+oo 

O,ooE+oo O,OOE+OO 

O,ooE+oo O.ooE+OO 

0,00£+00 0.00£+00 
0,00£+00 000£+00 
OOOE+OO O.OOE+oo 

O.OOE+oo O,ooE+OO 

° OOE+oo O.OOE+OO 
0,00£+00 OOOE+OO 

O,OOE+oo O,ooE+OO 

O,ooE+OO O,ooE+OO ° OOE+oo O,ooE+oo 
OOOE+oo 0,00£+00 

O,OOE+OO 0,00£+00 
O,OOE+OO 0,00£+00 

0.00£+00 O,ooE+OO 

0.00£+00 O,ooE+OO 

O,OOE+oo O.OOE+OO 
O.ooE+OO OooE+OO 
O.ooE+OO O.ooE+OO 
OooE+OO O,OOE+oo 
OOOE+OO O,OOE+OO 

O,OOE+oo O.OOE+OO 

O,ooE+oo O,ooE+oo 

O.ooE+OO 0,00£+00 

O,ooE+OO 0,00£+00 

o.ooE+OO O,ooE+OO 

OOOE+oo O.ooE+OO 

000£+00, 1.DOE-G2' 

0,00£+00 O,OOE+OO 

OOOE+OO O,OOE+oo 

O.OOE+oo O.ooE+oo 

0,00£+00 0, ooE +00 

0,00£+00 O,ooE+OO 

O,ooE+oo O,OOE+oo 

O,ooE+oo O,OOE+OO 

O,ooE+OO O,OOE+OO 

O,ooE+OO O,OOE+oo 

O.ooE+OO 0,00£+00 
O,ooE+OO O,ooE+oo 
O,ooE+oo 0,00£+00 

O,OOE+oo O,ooE+oo 

O,OOE+oo O,ooE+OO 

0,00£+00 0,00£+00 

000£+00 O,OOE+OO 

000£+00 0,00£+00 
0.00£+00 O,OOE+OO 

O,ooE+OO 0,00£+00 

O.OOE+OO OooE+OO 
O,OOE+OO 0,00£+00 

O,ooE+oo OooE+OO 

O,ooE+OO 000£+00 

000£+00 O,OOE+OO 
0,00£+00 0,00£+00 
O,OOE+OO O,ooE+oo 
O.OOE+OO O.OOE+OO 
O,OOE+OO O,OOE+OO 

,-

> v. w 



Table A.5 

I 
I 

- - -

PENTACHL 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+oo 
O.OOE+oo 

0.00£+00 
0.00£+00 

0.00£+00 
0.00£+00 

0.00£+00 
0.00£+00 
O.ooE+oo 
0.00£+00 
O.OOE+oo 

o.OOE+ool 
0.00£+00 
0.00£+00 
O.ooE+oo 
0.00£+00 

o.OOE+ool 
0.00£+00 

S.OOE.o2' 
0.00£+00 

0.00£+00 

S.OOE.o2 

5.00Eo02 

0.00£+00 

VINYL_CH 
O.OOE+OO 

O.OOE+OO 
O.ooE+oo 
O.ooE+oo 

0.00£+00 

O.OOE+oo 
O.OOE+oo 
O.OOE+OO 

0.00£+00 

2.26E.o21 
0.00£+00 
0.00£+00 
O.ooE+oo 
O.ooE+oo 

6.00E.o31 
O.ooE+oo 

O.OOE+oo 

O.OOE+OO 

0.00£+00 
OooE+OO 

UOE.o21 
O.ooE+oo 

8.00E.031 

1.90Eo021 

O.ooE+OO 0.00£+00 
O.ooE+oo 0.00£+00 

0.00£+00 O.ooE+OO 

0.00£+00 O.ooHoo 

O.OOE+oo O.OOE+OO 
O.ooE+oo O.ooE+OO 
O.ooE+OO O.ooE+oo 

TRII23 

O.ooE+OO 

o OOE+OO 

Chemical Repreoenlatm. Concenlnltions (m&'L) 

D12CHLl DBE12 DIOXANI4 PROPENEl _3_3_ DJ WAG WELL 
/ 

810 
811 
812 

o.ooE~1 a.50E.o21 0.00£+00 O.ooE+oo 0.00£+00 
813 
814 

81S 
816 

0.00£+00 818 
0.00£+00 819 

820 
821 
822 
823 
824 

82S 

826 
827 
828 
829 

830 
873 
874 > O.ooE+OO O.OOE+oo OOOE+OO O.ooE+oo OooE+oo 87S 

* 876 
877 
878 
879 
880 

881 
882 

884 

88S 
886 
946 
947 

1100 

1101 
1102 

1103 
1104 
2S31 
2Sll 

4003 

4004 

400S 
4006 
4008 
4009 
11 SO 
IISI 
IlS2 

- - .- -



.. -
Table A.' 

WAG 

3 

3 
) 

) 

3 

4 

4 

4 

4 

- .. - - .. J.-t - ... .. - .. .. .. •• - -
Cbemical Represenlllliw ConeentratiOll1l (mgIL) 

WELL BE B2CEE TETll22 DeEEII METHYLI METHYL2 0103 PCBI2'4 BI8_2_ET B£NZBFLU BENZEN£ BENZAANT B£NZAPYR CARBON_T DlB£NZ_A HCB£ IND£NO_I NNDNPA 

1151 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 1.00£-03 0.00£+00 0.00£+00 O,OOE+OO 0.00£+00 0,00£+00 0,00£+00 0.00£+00 
1154 O,OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 0,00£+00 O.OOE+oo 0.00£+00. 2.00£-03 0.00£+00 0.00£+00 0,00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 
115' 0.00£+00 0.00£+00 0.00£+00 OOOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 2.00E-03 0.000+00 0.00£+00 0,00£+00 O.OOE+OO O,OOE+OO 0.00£+00 O.OOE+OO 
IU6 O.OOE+OO 0.005+00 0,00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 OOOE+OO O.OOE+OO 1.00£-03 OOOE+OO O.OOE+OO 0.00£+00 0.005+00 O,OOE+OO O.OOE+OO O.OOE+OO 
liS' O,OOE+OO 0.00£+00 I.OOE-03 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.00E-03 OOOE+OO O,OOE+OO 000£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.005+00 
1186 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.005+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.005+00 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 
1181 0.00£+00 0.00£+00 0.00£+00 0,00£+00 0.00£+00 O.OOE+OO 0.00£+00 0.005+00 0.00£+00 0.00£+00 0,00£+00 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 
1188 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO O.OOE+oo O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO 
1189 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 8.00£-03 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 

1190 O.OOE+OO O.OOE+OO' 4 ... 0E042' O.OOE+OO O.OOE+OO O.OOE+OO 6.00E-03 O.OOE+OO 4.90£-02 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 

1191 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 600E-03 O.OOE+OO O.OOE+oo 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1192 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O,OOE+OO O.OOE+OO 7.00E-03 O.OOE+OO 0.00£+00 O,OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 

1I94:"~~=- O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 

119' 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 0.00£+00 

1244 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O,OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 0.00£+00 O,OOE+OO O.OOE+OO 
124' 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 7.00£-03 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE'OO O.OOE+OO O.OOE+OO 
985 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

986'1.16E0431 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

987 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 OOOE+OO 0.00£+00 000£+00 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 000£+00 
988 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 0.000+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 
990 0.00£+00 O.OOE+oo 0.00£+00 OOOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE·OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
991 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 I.OOE-03 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 

992'1.22E043' O.OOE+OO O.OOE+OO O.OOE-OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£-00 O,OOE+OO O.OOE+OO O.OOE-OO O.OOE+OO 0.00£+00 0,00£+00 0.00£+00 O.OOE+OO O.OOE+OO 

993 O,OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 3.00E-03 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 
994 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO .0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 
99S O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 
996 0.00£+00 0.00£+00 O.OOE+OO 0.00£-00 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 000£.00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 
997 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 000£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO O,OOE+OO O.OOE+OO 
998 0.00£+00 O,OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO OOOE+OO 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 

124S'1.06E043' 0.00£+00 O.OOE+OO OOOE+OO 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO 

948 O.OOE+OO 0.00£+00 O.OOE+OO 0.00£-00 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 0.000+00 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 
949 0.00£+00 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 
9S0 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 
9S1 O,OOE+OO 0,00£+00 O.OOE+OO O,OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0,00£+00 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 
9'2 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O,OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 000£+00 0,00£+00 O.OOE+OO 
9$3 O.OOE+OO O.OOE+OO O.OOE+OO O,OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O,OOE+OO 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 

9S4 O.OOE+OO 0.00£+00 0.OOE+OO'2.05E042, 000£+00 O.OOE+OO O.OOE+OO 000£+00 0.00£+00 2.00E-03 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 OOOE+OO O,OOE+OO 

9S5 O.OOE+OO 0,00£+00 O.OOE+OO 0.00£+00 O.OOE+OO· OOOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE-OO O.OOE+OO O.OOE+oo 0.00£+00 0.00£+00 0.00£+00 0.00£+00 

9S6 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 1.00£-0) O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 
957 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 O,OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 

958 0.00£+00 O.OOE+OO 0.OOE+OO'1.70E042' O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.00E-03 0.00£+00 O.OOE+OO O.OOE+OO O,OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 

9S9 0.00£+00 0,00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0,00£+00 0.00£+00 O.OOE+OO 
O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO . 0.00£+00 O,OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO 0.00£+00 0.00£+00 
O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00' O,OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO 

472~~~ 
416 ................ 
S13 
SI4 O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 
0.00£+00 O,OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 

0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 

O.OOE+OO 

0.00£+00 

0.00£+00 

0.'00£+00 

O.OOE+OO 

O.OOE+OO 

2,OOE-03 

O.OOE+OO 

0.00£+00 

0.00£+00 

O.OOE+OO 

-

~ 
U'I 



Tab1eA,5 Chemical RepresenlBliYe ConcenU1l1ions (m&'L) 

PENTACHL VINYL_CH TRll21 Dl2CHLl DBEI2 D10XAN14 PROPENE2 _1_3_ DI WAG WELL 
O.OOE+OO O.OOE+OO 2 IUl 
O,OOE+OO O.OOE+OO 2 1154 
O.OOE-+OO O,OOE-+OO 2 IUS 
O.OOE+OO O.OOE+OO 2 liS\! 
O.OOE+OO O.OOE+OO 2 118S 
O.OOE-+OO O.OOE-+OO 1J86 
O.OOE+OO O.OOE+OO 1181 
O.OOE+OO O.OOE+OO 1188 
O.OOE+OO O.OOE+OO 1189 
O.OOE+OO O.OOE+OO 1J90 
O.OOE+OO O.OOE+OO 1191 
O.OOE+OO O.OOE+OO 2 1192 
O.OOE-+OO O.OOE+OO 2 1193 
O.OOE+OO O.OOE+OO 2 1194 
O.OOE+OO O.OOE+OO 2 119S 
O.OOE+OO O.OOE+OO 2 1244 
O.OOE+OO 0.00£+00 1245 
O,OOE+OO O.OOE+OO 98S 
O.OOE+OO O.OOE+OO 3 986 
O.OOE+OO O.OOE+OO 981 
O.OOE+OO 0.00£+00 988 
O.OOE+OO 0.00£+00 990 
O.OOE+OO O.OOE+OO 3 991 
O.OOE+OO O,OOE+oo 1 992 > 0.00£+00 0.00£+00 3 993 \J. 
0.00£+00 0.00£+00 1 994 0\ 
O.OOE+OO 0.00£+00 3 995 
O.OOE+OO O.OOE+OO 1 996 
O.OOE+OO O.ooE+oo 3 997 
0.00£+00 O.OOE+OO 998 
000£-+00 0.00£+00 1 1248 
0.00£+00 0.00£-+00 948 
0.00£+00 O.OOE+OO 4 949 
0.00£+00 O.OOE+OO 9SO 
O,OOE+OO 4 9S1 
0.00£-+00 4 952 
O.OOE+OO 4 953 

9S4 

9SS 
0.00E+00 O.OOE+OO 9S\! 
0.00£+00 O.OOE+OO 957 
O.OOE+OO, 1.AOE-tOOI 9S8 
O.OOE+OO O,OOE+OO 959 
0.00£+00 O.OOE+OO 960 
0.00£+00 0.00£+00 961 
0.00£+00 O,ooE+oo 962 

O.OOE+OO 440 
O.ooE+OO 441 
O.ooE+oo 468 

:1 
0.00£-+00 472 

7.00E-G31 476 

513 
000£-+00 514 

• - - - - - - - .. - - -
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Table A.' Chemical Represenllltive ConcenlnltiOlll (mWL) 

WAG , WELL B£ B2CEE TETll22 DCE£lI METHYL! M£THYL2 
O.ooE+oo 

Dlel3 PCBI254 BIS_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBON_T DlBENZ_A HCBE INDENO_I NNDNPA 

5 
5 , 
5 , , 
5 

5 
5 
5 

5 
5 

5 
5 
5 
5 
5 
5 

, 
5 

5 

'16 7.30E-04 

'11 
518 
519 
520 
521 
522 
521 . 

524' 5.40E..o3' O.OOE+OO 

52' 
526 O. ooE +00 O.OOE+OO 
108 
715 
716 P, "'!'1."!!'30~E!!"..o~3~' O.OOE+OO 

963 3.20£·04 O.ooE+oo O.ooE+oo O.ooE+oo 
964 O.ooE+oo o.ooE+oo O.OOE+oo O.OOE+OO 
965 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
966 O.OOE+OO 0.00£+00 O.OOE+OO 0.001::+00 

967 O.ooE+oo 0.00£+00 O.ooE+oo O.OOE+OO 
968 O.OOHOO O.OOE+OO O.ooE+OO O.ooE+oo 

969 O.OOE+OO O.OOE+oo 0.00£+00 O.OOE+OO 

970 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 
971 O.ooE+OO 0.00£+00 O.ooE+OO 0.00£+00 
972 O.OOE+OO O.OOE+OO O.OOE+OO O:OOE+OO 

973 O.ooE+OO O.OOE+oo OOOE+OO O.OOE+OO 

974 O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 

975 O.OOE+oo 2.00E·03 O.OOE+OO 000£+00 

976 0.00£+00 O.OOE+OO O.OOE+OO O.ooE+oo 

977 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+oo 

978 3.IOE-04 O.OOE+OO O.OOE+OO 6.00E-03 

979 O.ooE+OO O.OOE+OO O.ooE+OO O.OOE+OO 
980 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oo 

981 O.OOE+OO O.OOE+OO O.ooE+OO O.OOE+oo 

982 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 
983 3.20E-04 O.ooE+oo O.OOE+OO O.ooE+OO 
984 9.32E-04 O.OOE+OO O.OOE+OO O.ooE+OO 

llO' 
1106 O.ooE+oo 
1107 
n08 . 

4113 6.20EoG3 

4114 1.lIOE..o3 

41 U 1.30E..o3 

4116 7.30E-04 
4173 

O.OOE+OO 

O.OOE+OO 

6.00E·03 

O.OOE+oo 

O.OOE+oo 

5 4114 
, 4115 
, 4176 
5 4177 
, 4178 
, 4179 
, 4179 
5 4180 

O.ooE+oo 
O.ooE+oo 
O.OOE+OO 
0.001::+00 

O.OOE+OO 
O.ooE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
o.ooE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.ooE+oo 

O.OOE+OO 

0.00£+00 
O.ooE+OO 

O.ooE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+oo 0.00£+00 O.OOE+oo 
O.OOE +00 O.OOE +00 o.ooE +00 
O.OOE+OO O.ooE+OO O.OOE+OO 

O.OOE+oo 

1.6OE..o2 

8.20E-02 

O.OOE+oo 

0.00£+00 
1.74E-02 
5.6OE-02 

O.OOE+OO O.OOE+OO 0,00£+00 0.00£+00 

o.ooE+oo O.OOE+OO O.ooE+oo O.ooE+OO 
O.OOE+OO O.OOE+OO O.ooE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 O.OOE+OO 1.00£·02 

0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
0.00£+00 O.OOE+OO O.OOE+oo O.OOE+OO 

O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+oo 

O.OOE+OO OOOE+OO OOOE+OO O.OOE+OO 

O.ooE+OO O.OOE+OO O.ooE+OO O.OOE+OO 

O.ooE+oo O.OOE+oo O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+oo O.OOE+OO, 3.10E+OO' 

O.OOE+OO O.OOE+oo O.OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 
O.OOE+OO O.OOE+OO 000£+00 

O.OOE+OO O.OOE+OO O.OOE+OO 

O.ooE+OO 0.00£+00 O.OOHOO 
O.ooE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.ooE+OO 

O.OOE+OO 

0.00£+00 

I.00E·02 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.ooE+OO 

O.ooE+OO 

'.OOE-03 

3.00E-02 

O.OOE+OO 

OOOE+OO 

O.OOE+OO 

O.OOE+OO 

O.ooE+OO O.OOE+OO 
O.ooE+OO O.OOE+OO 
O.OOE+oo O.OOE+OO 
(U)o£+OO O.ooE-+OO 

O.OOE+oo OOOE+OO 
O.OOE+OO O.ooE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 
0.00£+00 000£+00 
O.OOE+oo O.OOE+OO 

O.OOE+OO I.00E·03 

O.OOE+OO OOOE+OO 

O.ooE+OO I.00E·03 

0.00£+00 0.00£+00 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+oo 

3.30E-02 

I.00E-03 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.ooE+OO 

0.00£+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.ooE+OO O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+oo 
O.OOE+OO 
0.00£+00 

O.OOE+OO 
O.OOE+oo 
O.OOE+OO 

O.OOE+OO 
O.ooE+OO 
O.OOE+OO 

OOOE+OO 

O.ooE+OO 

O.ooE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

0.00£+00 
0.00E+00 

.0.OOE+00 

O.OOE+oo 
0.00£+00 
0.00£+00 

0.00£+00 
O.OOE+OO 
O.OOE+OO 
0.00£+00 

O.OOE+OO 
O.OOE+OO . 

O.OOE+OO 

O.OOE+OO 
O.ooE+OO 
O.OOE+OO 

O.OOE+oo 

0.00£+00 

O.OOE+oo 

0.00£+00 

0.00£+00 

0.00£+00 

O.OOE+OO 
O.OOE+OO 

0.00£+00 

0.00£+00 
O.ooE+oo 
O.ooE+oo 

O.OOE+OO 

O.ooE+OO 

O.OOE+OO 

O.OOE+OO 

O.ooE+OO 
O.OOE+OO 
0.00£+00 
0,00£+00 

0.00£+00 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.ooE+OO 
O.OOE+oo 

0.00£+00 

0.00£+00 

O.OOE+OO 

0.00£+00 

O.OOE+oo 

O.ooE+oo 

0.00£+00 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

900E-03 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

6.00E-03 

O.OOE+OO O.ooE+OO 
O.ooE+oo O.OOE+OO 
O.OOE+oo 0.00£+00 
000£+00 O.OOE+OO 

0.00£+00 O.OOE+oo 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.ooE +00 O.OOE +00 
O.OOE+OO 0.00£+00 
O.OOE+OO O.ooE+oo 

O.OOE+OO O.ooE+oo 

0.00£+00 0.00£+00 

O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

0.00£+00 O.ooE+OO 
O.OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+OO 
O.OOE+oo O.OOE+oo 
O.OOE+OO O.ooE+OO 
0.006+00 O.OOE+OO 

o.ooE+OO 0.00£+00 
O.OOE+OO OooE+oo 

0.00£+00 0.00£+00 

O.OOE+OO O.OOE+oo 
O.OOE+OO 0.00£+00 
O.ooE+oo O.OOE+OO 

O.ooE+OO O.ooE+oo 

0.00£+00 O.OOE+oo 

O.ooE+OO O.OOE+oo 

0.00£+00 O.OOE+OO 

0.00£ +00 O. ooE +00 

O.OOE+OO O.ooE+oo 

000£+00 O.ooE+oo 
O.OOE+OO O.OOE+OO 

O.ooE+OO O.OOE+OO 

O.OOE+oo O.OOE+OO 
O.ooE +00 O.OOE +00 
O.ooE+OO 0.00£+00 

-

>.
~ 



Table A.5 Chemical Representative Concenlnltiof15 (mgIL) 8 

PENTACHL VINYL_CH TRII23 012CHL3 OBEI2 D10XAN14 PROPENE2 _3_3_01 WAG WELL 
O.OOE+OO , '1(1 , '11 

Sl8 
'19 
520 
521 

'22 
'23 

O.OOE+OO '24 

'25 
O.OOE+OO '26 

108 
115 

O.OOE+OO 116 

O.OOE+OO O.OOE+OO 963 
O_OOE+OO O.OOE+OO 964 
O.OOE+OO O_OOE+OO 96' 
O.OOE+OO O.OOE+OO 966 
O_OOE+OO o.OOE+OO 961 
Q.OOE+OO O.OOE+OO 968 

O.OOE+OO' 1.OOE.(J21 969 

O.OOE+OO O_OOE+OO 910. 
O.OOE+OO O.OOE+OO 911 
O.OOE+OO O.OOE+OO 

o.ooE+ool 3,27E.(J21 
o..OOE+OO O.OOE+OO 

o..OOE+OO' 4.72E.(J21 

912 

~ 913 

914 00 
91' 

O.OOE+OO O.OOE+OO 916 

O.OOE+OO O.OOE+OO 977 

o.OOE+ool 5.50E+Ool 918 

O.OOE+OO OOOE+OO 919 
O.OOE+OO O.OOE+OO 980 

o.OOE+ool 8.00E.(J31 981 

O.OOE+OO O.OOE+OO 982 
O.OOE+OO OOOE"'OO 98J 
O.OOE+OO O.OOE+OO 984 

1I0S 
O.OOE+OO 1106 

110.1 
1108 

:, O.OOE+OO 

1.40E.(J21 
4113 

4114 
O.OOE+OO 411S 
O.OOE+OO 4116 

4113 
4114 
41n 
4116 
4171 
4118 
4119 
4119 
4180 

- - -. .. - - - - - - - - ... - - - -



- -
Table A.S 

WAG 

-
WELL 

41f!5 
4188 

5 4189 
5 4190 
S 4191 

4193 
5 4195 
5 4198 

4199 
4201 
4202 
4203 

5 4204 
S 4205 
5 4206 

4207 
4208 
4209 
4211 
4212 
4213 
4214 
4216 
4218 
4219 
4221 
~214 

4215 
4226 
4227 
4228 
4230 
4231 
4233 
4235 
4238 
~239 

4240 
4241 
4242 
4243 

5 4244 
5 4245 
5 4246 

4247 
4248 
4249 
42~O 

4251 
4252 

5 4253 
4254 

5 4155 
5 4256 

42" 
4258 

- - - - - - - - - - - -
Chemical Repr<lenta1iWl Conccntratiom (tnWLl 

BE B2CEE TETll22 OCEElI METHYL 1 METHYL2 DIC33 PCB 1254 BIS_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBON_T DlBENZ_A 

- - -
9 

HCBE INDENO_l NNDNPA 

-

> 
~ 
10 



Table A.5 

- - - - -

'Chemical Rep .... cntative Concentra!iOlll (m&'L1 

PENTACHL VINYL_CH TRll23 Dl2CHL3 DBEI2 0I0XANI4 PROPENE2 _3_3_01 WAG 

- - - - - - -

5 
5 , 

s , , 
5 

, 
5 
5 
5 

5 
5 

5 
5 
5 

-

10 

WELL 

4185 
4188 
4189 
4190 
4191 
4193 
4195 
4198 
4199 
4201 
4202 
4203 
42Q.4 
4205 
4206 
4207 
4208 
4209 
4211 
4212 
4213 
4214 
4216 
4218 

~ 4219 
4221 

4224 
4225 
4226 
4227 
4228 
4230 
4231 
4233 
4235 
4238 
4239 
4240 
4241 
4242 
4243 
4244 
4245 

4246 
4247 
4248 
4249 
4250 
4251 
4252 
4253 
4254 

425' 
4256 
4257 
42S8 

- - - - - -



- - - - - - - - - - - - - - - - - -
Table A.~ Chemical Representari .... Concentrarions (!tIfII..) 11 

WAG 

5 

WELL 
4259 

B£ B2CE£ TETJI22 DCE£II METHYLI M£THYLl DlOl PCBI2S4 BIS_2_ET B£NZBFLU B£NZEN£ B£NZAANT B£NZAPYR CARBON_T DlBENZ_A HCB£ INDENO_1 NNDNPA 

$ 4260 
5 4261 
~ 4262 

4263 
~ 4264 
5 426' 
S 4266 
S 4267 
., 4268 

4269 
4270 
4211 
4272 
4273 
4274 
4275 
4216 
4277 
4278 

S 4281 
~ 4282 

4283 
4284 
428' 
4286 
4287 

~ 4289 

6 

6 

6 
6 

6 

6 

6 

6 

6 
6 

6 

6 

6 
6 

6 
6 

4290 
4291 
4294 
429' 
4296 
4297 
4298 
4299 
4300 
4307 

74 

8] 

83 

83 
83 

83 

83 
83 
83 
84 

84 
84 

84 
84 
84 
84, 

, ".OOE~3 

1 1A6E~2 

2 2.54E~3 

J ".OOE~3 

, 1.20E~3 

5 1.01E~3 

7 2.50E~2 

s 2.87E~3 

~ 3.24E~3 

) 1.37E~2 

1 1.01E~2 

! 8.52E~3 

I 1A8E~2 

I 2.95E~3 

I 3.70E~3 

5 2.50E~ 

O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE'OO O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 

0.00£+00 0.00£+00 1.00£-0] 

0.00£+00 O.OOE+OO 0.00£+00 

O.OOE+OO 000£+00 O.OOE+OO 

0.00£+00 O.OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO 0.00£+00 

O.OOE+OO 0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 

0.00£+00 0.00£+00 0.00£+00 

O.OOE+OO 0.00£+00 1.00£-0] 

0.00£+00 0.00£+00 0.00£+00 

0.00£+00 0.00£+00 0.00£+00 

O.OOE+OO O.OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO O.OOE+OO 

0.00£-00 

0.00£'00 

O.OOE+OO 

0.00£+00 

O.OOE+OO 

0.00£+00 

0.00£+00 

O.OOE+OO 

O.OOE-OO 

O.OOE+oo 

O.OOE+OO 

0.00£+00 

O.OOE+OO 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

0.00£+00 0.00£+00 0.00£+00 

0.00£+00 0.00£+00 0.00£+00 

0.00£+00 

1.90E-02 

000£+00 O.OOE+OO 0.00£+00 8.00£·03 

O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 

000£+00 0.00£+00 O.OOE+OO 

O.OOE+OO 0.00£+00 6.00£-04 

0.00£+00 O.OOE+OO 0.00£+00 

0.00£+00 O.OOE+OO 0.00£-00 

0.00£-00 0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+OO 0.00£+00 

0.00£+00 0.00£+00 0.00£+00 

0.00£+00 0.00£+00 O.OOE+OO 

0.00£+00 0.00£+00 O.OOE+OO 

0.00£+00 0.00£+00 0.00£+00 

O.OOE+OO 0.00£+00 0.00£+00 

8.00E-04 

4.00E·03 

0.00£+00 

2.00£-03 
1.OOE-O] 

4.00E-Ol 

1.60£-02 

1.00£-02 

6.00E-03 

1.S2E-02 

I.OOE-02 

8.00E-03 

O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+OO 

0.00£+00 0.00£+00 

O.OOE+oo O.OOE+OO 

O.OOE+OO 3.00£·03 

0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE +00 

O.OOE+OO O.OOE'OO 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.ooE+OO 

0.00£+00 0.00£+00 

0.00£+00 0.00£+00 

000£+00 2.00E-03 

O.OOE+OO 3.00£-0] 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO 

0.00£+00 

0.00£+00 

O.OOE+OO 

0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 
O.OOE+OO 

O.OOE+OO 

0.00£+00 

O.OOE+OO 

0.00£+00 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

0.00£+00 

O.OOE+OO 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

0.00£+00 

000£+00 

0.00£+00 
0.00.1;+00 

O.OOE+OO 

0.00£+00 

0.00£+00 [ 

0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 

000£+00 

O.OOE+oo 

0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 

0.00£+00 
OOOE+OO 

O.OOE+OO 

0.00£+00 

6.1 .. e~1 
5.00£·04 

O.OOE+OO 

O.OOE+OO 

0.00£+00 

O.OOE+OO 0.00£+00 

0.00£+00 O.OOE'OO 

0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE'OO 

0.00£+00 0.00£+00 

0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+OO 

0.00£+00 0.00£+00 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE +00 

0.00£+00 0.00£'00 

0.00£+00 0.00£+00 

O.OOE+OO 0.00£+00 

O.OOE'OO 0.00£+00 

0.00£+00 O.OOE+OO 

O.OOE+OO 0.00£+00 

O.OOE+oo 0.00£+00 

0.00£'00 O.OOE+OO 

0.00£'00 0.00£+00 

O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE'OO O.OOE+OO 

-

> 
~ 



Table A.S Chemical Represenlllbve Concentrations (mgIL) 12 

PENTACHL VINYL_CH TRlI23 DI2CHLl DBEI2 DIOXANI4 PROPENE2 .3.3_ 01 WAG WELL 
5 4259 

4260 
4261 

5 4262 
5 4263 

4264 
4265 
4266 
4267 
4268 
4269 
4270 
4271 
4272 
4273 
4274 
~27S 

4276 
4277 
4278 
4281 
4282 
4283 
4284 
4285 > ..I 
4286 ?J 4287 

S 4289 

5 4290 
5 4291 
5 4294 
5 ~295 

4296 
~297 

4298 
4299 
4300 
~J01 

O.OOE+OO O.OOE+OO 6 145 

O.OOE+OO O.OOE+OO 6 831 
O.OOE+OO O.OOE+OO 6 832 
O.OOE+OO O.OOE+OO 6 833 
O.OOE+OO O.OOE+OO 6.30E-02 6 835 
O.OOE+OO O.OOE+OO 6 836 
O.OOE+OO O.OOE+OO 6 831 
O.OOE+OO O.OOE+OO 6 838 
O.OOE+OO O.OOE+OO 6 839 
O. OOE +00 O.OOE+OO 6 840 
O.OOE+OO O.OOE+OO 6 841 
O.OOE+OO O.OOE+OO 6.00E-OJ 6 842 
O.OOE+OO O.OOE+OO 6 843 
O.OOE+OO O.OOE+OO 6 844 
OOOE+OO O.OOE+OO 6 845 
O.OOE+OO OOOE+OO 6 846 

- - - - - - - - - - - - - - - - - - -



• -
Table A., 

WAG 

6 
6 

6 

6 
6 
6 

6 
6 
6 

6 

6 
6 
6 

6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 

6 
6 
6 
6 
6 
6 
6 
6 

6 

7 
7 

7 

7 
7 
7 

7 
7 

8 
8 

- - - - - - - - - - - - - - - -
Chemical Repre..,ntati", Concenln!bons (mtIL) 13 

WELL 
1147 

848 

849 

8S0 

8S 

8S2 

8S3 
854 

8S 
8S6 

8S 

8S8 

8S 

860 

122 
1226 

BE B2CEE TETlI22 DCEEll METHYLI METHYL2 0103 PCBI2$4 BIS_2_ET B£NZBFLU B£NZENE BENZAANT B£NZAPYR CARBON_T D1BENZ_A HCBE lNOENO_1 NNONPA 
3.S1E.o3 

2.B1E.o3 

2.89E.o3 

2.75E.o3 

I U4E.o3 

! 4.50E.o3 

I 2.90E.o3 

I 2.84E.o3 
~ 7.69E.o3 

5 9.31E.o3 

7 9.33E.o3 
j 1.18E.o2 

I 2.00E.o3 

l 1.39E.o3 

\ 2.68E.o3 

) 2.00E..o31 

O.OOE+OO 0.00£+00 0.00£+00 

O.OOE+OO O.OOE+OO O.OOE+OO 

O. OOE +00 O. OOE +00 I. OOE-03 

O.OOE+OO 0.00£+00 0.00£+00 

O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 2.00E-03 
O.OOE+OO O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO OOOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 
1221 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

12281 3A7E.o31 O.OOE+OO O.OOE+OO ·O.OOE+OO . 
1229 O.OOE+OO 0.00£+00 O.OOE+OO 

1231 O.OOE+OO 0.00£+00 O.OOE+OO 

1233 000E+00'UOE.o2' 6.00E-03 
1234. 0.00£+00 0.00£+00 O.OOE+OO 

1236 1.00E.o3 O.OOE+OO 0.00£+00 O.OOE+OO 

1237 2.00E.o3 O.OOE+OO O.OOE+OO O.OOE+OO 

1238 1.00E.o3 O.OOE+OO O.OOE+OO 0.00£+00 

1239 2.00E.o3 O.OOE+OO O.OOE+OO 

1240 O.OOE+OO OOOE+OO OOOE+OO OOOE+OO 
1241 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 
1242 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 
1243 OOOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1244 O'OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 

124S'1.20E.o3i O.OOE+OO O.OOE+OO O.OOE+OO 
1249 O.OOE+OO O'OOE+OO OOOE+OO O.OOE+OO 

1071'1.03E.o31 OOOE+OO O.OOE+OO OOOE+OO 

1012 UOE·04 O'OOE-+OO O.OOE+OO O.OOE+OO 
1073 3.80E.04 O.OOE+OO O.OOE+OO O.OOE+OO 

1074'1.02E.o31 O.OOE+OO O.OOE+OO O.OOE+OO 

107S 4.30E·04 O.OOE+OO O.OOE+OO O.OOE+OO 

101611.23E.o31 O.OOE+OO O.OOE+OO OOOE+OO 

1011 S.60E·04 O.OOE+OO O.OOE+OO O.OOE+OO 
1078 O.OOE+OO O.OOE+OO o.OOE+OO O.OOE+OO 

107911.10E.o3' 000£+00 OOOE+OO O.OOE+OO 
1080 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 

O.OOE+OO 

O.OOE+OO 

0.00£+00 

O'OOE+OO 
O.OOE+OO 

O.OOE+OO 

0.00£+00 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
0.00£+00 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

0.00£+00 
O.OOE+OO 

O.OOE+oo 

O.OOE+OO 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
0.00£+00 
O.OOE+OO 
O.OOE+OO 

0.00£+00 

0.00£+00 

O.OOE+OO 

O.OOE-+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
0.00£+00 

0.00£+00 

O.OOE+OO 
1081 OOOE+OO O.OOE+OO O.OOE+OO O.OOE+OO . O.OOE+OO 
1082 O.OOE+OO O.OOE+OO o.OOE+OO o.OOE+OO O.OOE+OO 
IOS3 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

108411.01E.o3' O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

lOSS O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 
1086 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 
1087 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 
1088 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 

0.00£+00 O.OOE+OO o.OOE+OO 

O.OOE +00 O.OOE +00 O.OOE +00 

O.OOE+OO O.OOE+OO O.OOE+OO 

0.00£+00 0.00£+00 O.OOE+OO 

O.OOE+OO 0.00£+00 0.00£+00 

0.00£+00 0.00£+00 O.OOE+OO 

000£+00 O.OOE+OO O.OOE+OO 
0.00£+00 0.OOE+OO,1.00E.o3, 

O.OOE+OO o.OOE+OO O.OOE+OO 

O. OOE +00 O. OOE +00 O. OOE +00 

O.OOE+OO O.OOE+OO OOOE+OO 
O.OOE+OO O.OOE+OO 0.00£+00 
0.00£+00 0.00£+00 0.00£+00 

0.00£+00 O.OOE+OO O.OOE+OO 

2.00E-03 

'.ooE-03 
I.OOE·02 

I.00E-02 

I.00E-02 

I.00E·02 

I.00E·02 

I.00E-02 

SOOE-03 
1.9OE·02 

1.00E·02 
5.00£-03 

0.00£+00 

3.00£·03 
0.00£+00 0.00£+00 0.00£+00 0.00£+00 

O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 
0.00£+00 0.00£+00 0.00£+00 O.ooE+OO 

0.00£+00 0.00£+00 O.OOE+OO 3.00£·03 
0.00£+00 0.00£+00 0.00£+00 4.00E·03 

O.OOE+OO O.OOE+OO O.OOE+OO OOOE+OO 

0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO 

0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 

0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 

0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 

O.OOE+OO 

0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 
O.OOE+OO 0.00£+00 O.OOE+OO . O.OOE+OO 
O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 
O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 

0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 

O. OOE +00 O. OOE +00 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+OO 

O.OOE+oo O.OOE+OO 

O.OOE+OO O.OOE+OO 
0.00£+00 O.OOE+OO 

0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+oo 
0.00£+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

OOOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 
0.00£+00 O.OOE+oo 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

OOOE+OO 
0.00£+00 

O.OOE+OO 

OOOE+OO 
O.OOE+OO 
0.00£+00 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
0.00£+00 
0.00£+00 
0.00£+00 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

OOOE+OO S.9SE.oJ 

O.OOE+OO 1.95E-02 

O.OOE+OO O.OOE+OO 

O.OOE+OO 1.10E-Ol 

O.OOE +00 0.00£+00 

O.OOE+OO 2.00£-03 
O.OOE+OO 0.00£+00 
O,OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 

o.OOE +00 I.00E·03 

0.00£+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 

o.OOE+OO 0.00£+00 
O.OOE+OO 0.00£+00 

OOOE+OO I.00E·03 
0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+OO 

OOOE+OO 4.00E-03 
OOOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO 

O.ooE+OO O.OOE+OO 
OOOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
0.00£+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 

0.00£+00 1.00£-03 
0.00£+00 O.OOE+OO 

0.00£+00 0.00£+00 

O.OOE+oo 0.00£+00 
OOOE+OO 0.00£+00 

0.00£+00 O.OOE+OO 

0.00£+00 0.00£+00 

0.00£+00 O.OOE+OO 

O.OOE+OO 3.00E-03 
O.OOE+OO .O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE +00 O.OOE +00 
O.OOE+OO O.OOE+OO 
O.OOE+OO 0.00£+00 
0.00£+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 
0.00£+00 O.OOE+OO 
0.00£+00 O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.ooE+OO 

O.OOE+OO 

O.OOE+OO 
o.OOE+oo 
0.00£+00 
O.OOE+OO 
O.OOE+OO 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
0.00£+00 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
0.00£+00 
0.00£+00 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

0.00£+00 

O.OOE+OO 

0.00£+00 

O.OOE+OO 

OOOE+OO 
O.OOE+OO 
O.OOE+OO 

0.00£+00 

OOOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
0.00£-.00 
O.OOE+OO 
0.00£+00 

0.00£+00 

O.OOE+OO 

0.00£+00 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE+oo 

O.OOE+OO 

O.OOE+OO 
0.00£+00 

O.OOE+OO 

000£+00 
O.ooE+OO 
0.00£+00 
O.OOE+OO 

OOOE+OO 

0.00£+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

1.00E.o3 

O.OOE+OO 

0.00£+00 

0.00£+00 

O.OOE+OO 
O.OOE+oo 

O.OOE+oo 
O.OOE+OO 
0.00£+00 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

0.00£+00 
0.00£+00 

OOOE+OO 

O.OOE+OO 

0.00£+00 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
000£+00 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

0.00£+00 
0.00£+00 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

0.00£+00 
0.00£+00 

0.00£+00 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

OOOE+OO 

0.00£+00 
0.00£+00 
0.00£+00 
0.00£+00 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+oo O.OOE+OO 

O.OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+oo O.OOE+OO 

0.00£+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 
O.OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO 
0.00£+00 0.00£+00 

O.OOE+OO O.OOE+OO 
O.OOE+OO OOOE+OO 
0.00£+00 0.00£+00 
O.OOE+OO O.OOE+OO 
O.OOE+OO 0.00£+00 

O.OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+oo O.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 
O.OOE+OO OOOE+OO 

O.OOE+OO O.OOE+OO 
O.OOE+OO O,OOE+OO 
O.OOE+OO 0.00£+00 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 
O.OOE+OO O.OOE+OO 
0.00£+00 0.00£+00 
0.00£+00 0.00£+00 

O.OOE+OO OOOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 

O,OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00£+00 

0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+OO 

O.OOE+OO O.OOE+OO 
O.OOE +00 O.OOE +00 

O,ooE+oo 0.00£+00 

O.ooE+OO 0.00£+00 

O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

o. OOE +00 o. OOE +00 

O.OOE+OO OOOE+OO 

O.OOE +00 0.00£ +00 
0.00£+00 O.OOE+OO 
O.OOE+OO 0.00£+00 
O.OOE+OO OOOE+oo 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 

OOOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 
0.00£+00 O.OOE+OO 

O.OOE +00 O.OOE +00 

O.OOE+OO O.OOE+OO 
0.00£+00 O.OOE+OO 
O.OOE+OO 0.00£+00 
O.OOE+OO 0.00£+00 

O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE +00 
O.OOE +00 0.00£+00 
O.OOE+OO 000£+00 
O.OOE+OO O.OOE+OO 

-

> 
$ 



Table A' CltemiC1ll Repreoentali"" Concentraliont (mgIL) 14 

PENTACHL VINYL_CH TRlI23 D12CHL3 DBEI2 D10XAN14 PROPENE2 _3_3_ 01 WAG WELL 
MOE+OO O,OOE+OO 6 847 

O,OOE+OO O,OOE+OO S,OOE-03 6 848 
O,OOE+OO, 5.46E-021 3,OOE-03 6 849 
O,OOE+OO 0,00£+00 6,00£.03 6 8S0 
O,OOE+OO 1.6OE-OI 6 aSI 

7,'OE.o2 6 an 
O,OOE+OO 6 8n 
O,OOE+OO 6 8S4 

6 8S5 

O,OOE+OO 6 8S6 

O,OOE+OO 0,00£+00 6 851 
O,OOE+OO O,OOE+OO Ii 858 
O,OOE+OO 6 8'9 
O,OOE+OO 6 860 

OOOE+ool 6 122' 
0,00£+00 6 1226 
O,OOE+OO 6 1227 
0,00£+00 6 1228 
O,OOE+OO O,OOE+OO 6 1229 
O,OOE+OO 0,00£+00 6 1231 

000£+001 6.01E-021 Ii 1233 
O,OOE+OO O,OOE+OO O,OOE+OO O,OOE+OO 0,00£+00 0,00£+00 O,OOE+OO 0,00£+00 6 1234 > 0.00£+00 0,00£+00 6 1236 

i O.OOE"'OO O,ooE+OO 6 1237 
O,ooE+oo O,OOE+oo 6 1238 

O,ooE+OO 6 1239 
O,OOE+OO O,OOE+OO 6 1240 
000£+00 0,00£+00 6 1241 
0,00£+00 O,ooE+OO 6 1242 
o,OOE+OO 0,00£+00 6 1243 
0,00£+00 O,OOE+OO 6 1244 
0,00£+00 O,OOE+OO O,OOE+OO O,OOE+OO 0,0010+00 O,OOE+OO 0,00£+00 0,00£+00 6 124' 
O,OOE+OO O,OOE+OO 6 1249 
o,OOE+OO 0,00£+00 1011 

O,OOE+OO O,OOE+OO 1072 
O,OOE+OO O,OOE+OO 1013 
OOOE+OO 0,00£+00 1074 
O,OOE+OO O,OOE+OO 7 1075 
O,OOE+OO O,OOE+OO 7 1076 

0,00£+00 o,OOE+OO 1011 
O,OOE+OO OOOE+OO 1078 
o,OOE+oo O,OOE+OO 1079 
0,00£+00 O,QOE+OO 1080 
O,OOE+OO O,OOE+OO 1081 
O,OOE+OO O,OOE+oo 1082 
OOOE+OO O,OOE+OO 1083 
0,00£+00 O,OOE+OO 1 1084 
O,OOE+OO 0,00£+00 1085 
O,OOE+OO O,OOE+OO 7 1086 
o,OOE+OO O,OOE+OO 8 1087 
O,OOE+OO O,OOE+OO 8 1088 

- - - - - - - - - - - - - - - - - - -
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Table A.S 

WAG 

8 
8 
8 
8 
8 
8 
8 
8 
8 

II 
II 
11 
II 
1\ 
II 
11 
11 
11 
1\ 
II 
17 
17 
17 
17 
17 

17 

17 
17 

Seep 
Seep 

- - - - - - - - - - - - - - - -
Chemical Representative Concentr&1ions (.) IS 

WELL BE B2CEE TET1122 OCEEII METHYL I METHYL2 OIC33 PCB12S4 BI5_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBON_T D1BENZ_A HCBE INOENO_I NNONPA 
1089 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 
1090 O.OOE+OO O.OO~+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 
1091 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 000£+00 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1092 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO o.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO OOOE+OO 
1093 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1094 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO OOOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 
I09S O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 
1096 O.OOE+OO O.OOE+OO O:OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 
1097 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO OOOE+OO 0.00£+00 
1139 0.00£+00 O.OOE+oo O.OOE+OO 0.00£+00 OOOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 
1140 0.00£+00 O.OOE+oo O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 
114\ O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oo O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1143 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 
1144 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 
114" 5.21E .. 3' 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 

1146 o.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 
1147 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 
1148 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO OOOE+OO 
1149 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 000£+00 000£+00 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 000£+00 0.00£+00 O.OOE+OO 
1246 0.00£+00 0.00£+00 O.OOE+OO 000£+00 000£+00 O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 
1196 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 
1197 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO 
1198 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO OOOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
1199 O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 0.00£+00 0.00£+00 0.00£+00 O.OOE+OO 
\200 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1201 O.OOE+OO O.OOE+OO O.OOE+OO' 2.49E .. 21 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.09E·02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 

1202 O.OOE+OO OOOE+OO O.OOE+OO O.OOE+OO OOOE+OO OOOE+OO O.OOE+OO OOOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 
1203 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO o.OOE+OO O.OOE+OO 

SNW·I '.OOE-04 
SNW·2 '.OOE·04 

BTT 8.00E·04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 

Seep 
Seep 
Seep 
Seep 

FRENCH ORA o.OOE+OO 

Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 

RS·\ 4.00E-04 
RS-3 4.00E-04 

SW2·\ 4.00E-04 
5W2·2 6.00E-04 
5W2·3 S.OOE-04 
SW2·4 O.OOE+OO 
SW2·' O.OOE+OO 
SW4·1 8.00E-04 

5W4·2 8.00E·04 

SW'·II 4.00E-04 
SW'·3 400E-<l4 
SWS·4 4.00£-04 
5WS·S 0.00£+00 
SWS-6 .3.00E-<l4 
SWS·7 3.00E-04 
SW'-8 0.00£+00 
SWS·9 400E-04 
SW6-1 2.00E-04 
SW6-2 O.OOE+OO 
5W7·1 4.00E-04 
SW7·2 4.00E-04 
SW7·3 S.OO£-04 
SW7·' 6.00E-04 

O.OOE+OO O.OOE+OO 

0.00£+00 O.OOE+OO 
0.00£+00 O.OOE+OO 
0.00£+00 O.OOE+OO 
O.OOE+OO 0.00£+00 
O.OOE+OO 0.00£+00 

O.OOE +00 S.OOE-04 

O.OOE+OO 200E-03 

O.OOE+OO OOOE+<Ml 
O.OOE+OO o.OOE+OO 
0.00£+00 O.OOE+OO 
0.00£+00 O.OOE+OO 
0.00£+00 O.OOE+OO 
0.00£+00 0.00£+00 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
OOOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

3.00E·03 

0.00£+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00£+00 

0.00£+00 

O.OOE+OO 
0.00£+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00£+00 
O.OOE+OO 
O.OOE+OO 

-

~ 



Tabl. A.S ChemJcal Rep",..,nlaliYo C"".cntralions (mr/L) 16 

PENTACML VINYL_CM TRJI23 012CMLl OB£12 01OXANI4 PROP£N£2 _3_3_ 01 WAG WELL 
0.00£+00 0.00£+00 I 1089 
0.00£+00 0.00£+00 8 1090 
0.00£+00 0.00£+00 8 1091 
0.00£+00 0.00£+00 8 1092 
O.OOE+OO 0.00£+00 8 1093 
O.OOE+OO 0.00£+00 8 ·1094 
o.ooE+OO O.OOE+OO 8 I09S 
O.OOE+OO O.OOE+OO 8 1096 
O.OOE+OO O.OOE+OO 8 1091 
O.OOE+OO 0.00£+00 II 1139 
O.OOE+OO O.OOE+OO II 1140 
O.OOE+OO O.OOE+OO II 1141 
O.OOE+OO O.OOE+OO II 1143 
O.OOE+OO O.OOE+OO II 1144 
O.OOE+OO 0.00£+00 11 114S 
0.00£+00 O.OOE+OO II 1146 
O.OOE+OO O.OOE+OO II 1141 
0.00£+00 0.00£+00 " 1148 
0.00£+00 O.OOE+OO II 1149 
O.OOE+OO O.OOE+OO II 1246 
0.00£+00 0.00£+00 11 1196 
O.OOE+OO O.OOE+OO 11 1191 
0.00£+00 0.00£+00 11 1198 > O.OOE+OO O.OOE+OO 17 1199 
O.OOE+OO O.OOE+OO 17 1200 ~ o OOE +00 1 1.58E-011 J1 1201 
0.00£+00 0.00£+00 J1 1202 
0.00£+00 O.OOE+OO 17 1203 

Seep SNW-I 
Seep SNW-2 

O.OOE+OO 0.00£+00 O.ooE+OO Seep BTT 
Seep F'RENCMORA 

O.OOE+OO OOOE+OO O.ooE+OO Seep R.3-1 
Seep R3-3 

0.00£+00 O.OOE+OO 0.00£+00 Seep SW2-1 
O.OOE+OO O.OOE+OO 0.00£+00 Seep SW2-2 
0.00£+00 (lOOE+OO 0.00£+00 Seep SW2-3 
0.00£+00 0.00£+00 0.00£+00 Seep SW2-4 

O.OOE+OO O.OOE+OO Seep SW2-S 
0.00£+00 0.00£+00 Seep SW4-1 
O.OOE+OO O.OOE+OO Seep SW4·2 

Seep SWS·l1 
Seep SWS·3 
Seep' SWS-4 
Seep SWS-S 
Seep SWS-6 
Seep SWS-7 
Seep SWS-8 
Seep SWS·9 

O.OOE+OO O.OOE+OO O.OOE+OO Seep SW6-1 
O.OOE+OO O.OOE+OO O.OOE+OO Seep SW6-2 
O.OOE+OO O.OOE+OO O.OOE+OO Seep SW7·1 
O.OOE+OO O.OOE+OO O.OOE+OO Seep SW7-2 
O.OOE+OO 0.00£+00 O.OOE+OO Seep SW7·) 
O.OOE+OO 0.00£+00 O.OOE+OO Seep SW7·S 

- - - - - - - - - - - - - - - - - - -



- - -
Table A,S 

WAG WELL 
Seep SW1-6 
Seep W4TRlB-1I 
Seep W4TRlB-' 
Seep W4TRlB-1 

- - - - - - - - - - - -
Chemical Repmentalille Coru:cnlnlliona (mWL) 

BE BlCEE TETlI22 OCEEII METHYL I METHYL2 DICll PCBIH4 BIS_2_ET BENZSFLU BENZENE BENZAANT BENZAPYR CARBON_T DlBENZ_A 
2.00E-04 o.OOE+OO O,OOE+OO 

O,OOE+OO O.OOE+OO 
O,OOE+OO o,ooE+OO 
O,OOE+OO O.OOE +00 

O,OOE+OO 
O,OOE+OO 
O,OOE+OO 
O,OOE+OO 

O.OOE+oo 
O.OOE+OO 
o.OOE+oo 
O.OOE+OO 

- - - -
11 

HeBE INDENO_1 NNDNPA 

> 
~ 



TableA.S Chemical Representalivo Concenlnltions (mWL) 18 

PENTACHl VINYl_CH TRlI23 DI2CHl3 DBE12 DlOXANI4 PROPENE2 _3_3_ 01 WAG WEll 
O.OOE+OO O.OOE+OO O.OOE+OO Seep SW7-6 
2.00E-04 O.OOE+OO O.OOE+OO Seep W4TRlB-1I 

O.OOE+OO O.OOE+OO O.OOE+OO Seep W4TRlB-S 
O.OOE+OO O.OOE+OO O.OOE+OO Seep W4TRlB-7 

- - - - - - - - - - - - - - _.- - - -



- -
Table A.6 

-
WAG 

1 

.1 

- - - - - - - - - - - -
Radiomu:lide Frequency of Detect by Well 

WELL CS_B7 RA_228 SR_9O TIU28 TH_230 TRITIUM TOTAL_RA U_234 AM_241 PU_238 PM_147 TC_99 PU_239 PB_210 K_40 CM_244 C_14 CO_50 SR_89 
533 0/3 013 1/4 3/3 1/3 3/3 1/3 1/3 
536 017 1/4 3/8 21S 3/S 616 014 3/5 
S38 013 113 114 213 213 3/3 1/3 2/3 0/1 011 

539 014' 212' 414' 212 012 3/3 0/2 212 
S40 013 012 1/4 212 012 3/3 012 112 

541 114' 1/4' 114 
214 

6110 

012 
012 

543 0/4 012 

545 0/7 215 

546 0/2 III 
548 

549 
550 

553 
554 
558 

015' 214' 216 
0/1 0/2 

0/10 0/4 218 
017 012 6/8 

563 012 212 212 

564 013' 212' 414' 
566 0/8 3/4 8/8 

571 417 5/5 7/8 m' 1131 113' 1/4 
579 015 0/2 416 
581 
587 
588 
589 

590 
593 

596 

597 

598 

599 

601 
602 
603 
604 

607 
608 
610 
611 
613 
618 

0/4 

0/2 

214 

112 2/4 

112 
012--21~2~~2I2~ 
0/2 112 212 

0/8 212 8/8 

0111' SIS' 8110 
0/4 012 114 

014' 212' 414' 
016 012 4/6 
012 212 212 
0/4 213 1/4 
0/2 212 212 

012 1/1 212 

014 012 214 
012 1/1 2/2 

0111 1111 III 
0/4 113 114 

620 0/8 0/4 218 
621 0/3 012 0/4 
622 0/4 1/3 0/4 
623 0/6 012 116 
634 0/4 012 414 

1106 9112 '121121 

213 

012 

3/5 

III 

1/3 
111 
114 
213 

1/2 

III 

515 

1/4 

1/2 

212 

112 

2/2 

112 

212 

112 

1/2 

3/4 

017 

0/2 

213 

213 
1/2 
2/3 
1/2 

112 

013 
III 
011 
213 
014 
012 
212 
112 

214 

012 
2/6 

III 

0/3 

111 
1/4 
0/3 

3/3 

3/3 

717 
1/1 
III 
414 

III 
6/6 
515 

0/2 III 

III r:::::Jm 
2/Se::::]!) 

0/4 6/6 

0/2 3/3 

112 414 

012 3/3 

112 III 
112 3/3 

112 III 

112 111 

1/2 111 

0/4 415 

1/7 717 

0/2 313 

113 313 

113 414 

112 1/1 
113 213 
012 III 

112' lIH 
013 313 
III 1/1 
011 111 

113 313 
0/4 
113 
112 
012 

516 
313 
3/3 
414 
313 

10/11 

113 213 

012 012 
014 3/5 

III III 

113 

0/4 
012 

2/2 

012 
214 

3/7 

012 
0/2 

214 

III 

215 
113 

212 

012 
415 

5/6 

212 

2/3 

112 
III 

213 

011 

0/2 

011 

212 

012 
012 

212 

113 

212 
212 
212 

012 

115 

012 

012 

012 
212 
113 
212 

212 

012 
111 
III 
1/3 

212 0/2 

212 112 

1/2' 112' 
114 

317 

012 

213 
1/3 
1/2 
213 
212 

212 

213 
III 

113 
0/4 0/4 
012 0/2 
113 212 
012 012 
012 

212 

0/4 

212 

112 

212 

011 

011 

012 

011 

212 

012 

212 
012 

0/2 

014 

Oil 

012 
0/2 

011 

III 

0/2 

III 

III 
011 

0/3 
011 

III 

III 
114 

212 

011 

112 

l::Jm 
212 
212 
114 

0/4 115 

Oil 
212 
011 
212 

212 

011 
III 

011 

c::EJ 

DEI 

c::EJ 

012 

01lCJE) 
0/2Cill) 
Oil 011 

III 

012 

Oil 
0/2"'--1~/1~' 

011 

114 

10/12 

- -

~ 



TableA6 

- -

Radionuclide Frequern:y of Detect by Well 

WAG WELL CS_J37 RA_228 SR_90 111_228 111_210 TRITIUM TOTAL_RA U_234 AM_241 PU_238 PM_147 TC_99 PU_239 PB_210 K_40 CM_244 C_14 CO_60 SR_89 

I 
I. 
I 

-

807 7/12 9/10 9111 212 6112 
808 10112 10/10 3111 212 10/12 
809 6112 7/10 11111 212 8/12 
810 1112 8/10 11111 112 9112 
8\1 1112 9110 6111 212 7/12 

812 7110 [3 212 212 10110 212CE) 112 012 SIlO 
813 7112 10110 11111 212 9/12 
814 7118 10114 14115 212 013 014 012 012 013 012 8/12 
81 S 7112 11\0 1111 I 212 6112 
816 8112 1/10 8111 212 1/12 
818 
819 
820 
821 
822 
823 
824 
825 
826 
827 
828 
829 
830 

813 

814 

81S 
876 

877 
878 
879 
880 

88! 
882 

884 
885 

886 

946 
941 

1100 

lIil! 
1102 

1103 

1104 
2531 
2533 
4003 
4004 

4005 

-

6114 7/10 
7/14 7110 
81\4 9/10 

10112 1/10 
1112 9/10 
91\2 10110 
6114 11/12 
1112 10111 
8112 8/8 
9/14 10110 
6114 8/10 
8/12 11111 
9/12 12/12 

016 012 616 

~;:I :1 ~:I 
012 112 

018 SIS 818 
014 0/2 0/4 
0/4 011 214 
014 012 214 
014 011 1/4 
0/4 __ 21 .. 2~ 414 

0131 1131 014 
011 414 818 

014 012 1/4 
5111 12/12 

618 3/4 

014 212 414 

on 212 
0I4rl-""!2J~2!'1'1-4~/4~1 
0/4 212 414 

0/6 212 414 

014 213 
112 
1/3 
213 

012 
013 
013 
0/8 0I8c:::!!] 

- -

1/2 

112 

1/2 

215 
012 
1/2 
0/2 
0/2 
012 

112 

014 

012 

12112 
9/12 

12112 
11/11 
II/II 
11111 
12112 

9111 
10/10 
12112 
12112 
11111 
11/11 

012 414 

012s3 
012 3/3 

111 
015 6/6 
012 3/3 
012 3/3 
012 3/3 
012 3/3 
012 3/3 

012 3/3 

0141 6161 
012 3/3 

9/9 
117 

212 
212 
212 
212 
212 
2/2 
212 
2/2 

212 
212 
212 
212 
012 

012 
012 

liS 
012 
011 
012 
011 
012 

012 

014 

012 

1/2 

212 

212 

314 

1/2 
012 
0/2 
112 
212 

012 

014 

012 

012 0/21 ~ 1 012 012 
011 O/lt. --~1/~1+---1~/1~1 III 
012 012 .... ---31 .. 3·"----1/ ... 2 212 

012 __ 012.... 3/31r---2J3~1 0/2 

0/21 0121 3/3 012 012 

3/4 0/4 4/4 3/3 1/1 
III 
213 
313 

1/8 018 818 718C'.!l 

- - - -

012 
012 

0/2 

011 
014 

012 
012 

012 

011 

012 
014 

012 

212 

III 
012 

012 

III 

0/2 012 

214 013 

SI8 
_~~I/!!t1 III 

0/81 8181 218 

- - - -

012 1/12 
012 10/12 

8112 
7/12 
8/12 
1112 
8/12 
4112 
4110 
7112 

10/12 
1112 
6112 

012 III 

III 

0/4 
011 

013 
0I711"-""!1~13~1 

- -

111 

212 

518 
618 

-

2 

- -



- - - - - - - - - - - - - - - - - - -
Table A.6 Radionuclide Frequency of Detect by Well 

WAG WELL CS_I37 RA_228 SR_90 nC228 lH_230 TRITIUM TOTAL_RA U_234 AM_241 PU_238 PM_141 TC_99 PU_239 PB_210 K_40 CM_244 C_14 CO_60 SR_89 

I 4006 on. 212 2J2 012 

4008 012' 1121 III 2J2 012 112 212 2J2 011 011 112 012 012 

4009 011 011 III 011 
2 1IS0 316 616 416 4/6 

2 1151 416 616 416 416 

2 1152 3/6 616 6161 516 

2 IIS3 3/6 6/6 616 416 
2 1154 316 SI6 416 3/6 
2 1155 416 416 416 416 

2 1156 416 516 6/61 3/6 

2 1115 616 516 616 416 
2 1186 3/6 616 516 S/6 
2 1181 SI6 4/6 416 2/6 
2 1188 416 SI6 616 3/6 
2 1189 SI6 SI6 6/6 3/6 
2 1190 216 516 616 416 

2 1191 416 c:!!!I 6/61 3/6 

2 1192 SI6 416 616 616 
2 1193 416 516 216 4/6 
2 1194 516 4/6 416 3/6 
2 1195 216 4/6 416 416 
2 1244 214 4/4 414 DEI > 2 1245 3/4 4/4 0/4 214 

.!.J 3 98S 214 214 414 214 -3 986 114 314 414 3/4 
3 981 3/4 414 414 214 
3 988 214 314 414 214 
3 990 114 3/4 414 4/4 
3 991 3/4 414 414 214 
3 992 214 EI 414 214 
3 993 214 414 4/4 214 
3 9!M 414 414 414 3/4 

3 995 114 3/4 414 2/4 
3 996 214 414 414 2/4 
3 991 3/4 414 414 1/4 
3 998 1/4 3/4 414 214 
3 1248 214 3/4 3/4 314 
4 948 SI8 618 4/8 3/8 
4 949 6110 SilO 8110 5110 
4 950 618 818 418 7/8 

4 951 118 618 118 SI8 
4 952 618 118 818 618 
4 953 618 618 SI8 518 
4 954 SI8 118 

§I 
5/8 

4 955 SI8 8/8 SI8 
4 956 418 D!l 8/8 618 
4 957 618 618 8/8 518 

4 958 618 618 8/8 518 



TableA.6 

- -

4 
4 
4 

4 

5 

5 
5 

5 
5 

5 
5 

5 
5 
5 
5 
5 
5 
5 
5 

5 

5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 

5 
5 
5 

-

959 
!160 
961 
962 

440 

441 
468 

472 
476 

513 
514 

516 
517 
518 
519 
520 

521 
522 
523 
524 
525 
526 
708 

715 
716 
963 
964 
965 
966 
967 

968 
969 
970 

971 

972 
973 

974 

975 

976 

9n 
978 

979 
980 

981 

982 
983 
984 

-

619 7/9 
618 718 
518 618 
318 618 

012 0I1r-ml 

112' 111~ 
012 112 212 

012' 11212/21 
012 0I1~ 
011 011 
012 0/1 012 

012 011 012 
III 011 011 
011 Oil 
III 111 011 
011 0/1 

011 011 

011 112 Oil 
011 011 
0/2 112 0/2 
011 Oil 
012 2/2 
0/1 011 

Oil .. ' __ 1 .. '1 ... ' 011 
112 111 012 
419 011 419 
619 011 519 
7/9 Iii ~!8 

519 111 519 
519 0/1 SI9 

419 111 5/9 

519 011 [::!!!I 
419 011 719 

719 III 919 

219 111 618 

619' 111' 9/91 
319 111 9/9 

3/9 011 c:::!!!I 
419 111 8/8 

419 011 9/9 

519 011 419 

3/9 011 5/9 
619 0/1 419 

119 0/\ 419 

419 011 219 
3/9 0/\ 6J9 
619 \11 7/9 

- -

. Radionuclide Frequency of Detect by Well 

212 

III 
III 

112 

012 

III 
0/1 

112 

III 
011 
III 
011 
011 

011 

2/2 
III 

III 
111 

III 
0/1 
01\ 
111 
0/1 
011 

III 

III 

0/1 

011 

III 

011 

0/1 

011 

111 

0/1 

0/1 

0/1 
011 

III 

011 
0/1 
0/1 

5/9 
8/8 
418 
818 

2I2c::::Jm 
1I1~ 
III 212 

1/2E:::Jm 

012~ 
III 11\ 
III 212 

112 212 

III III 
011 111 
III III 
011 III 

0/1 III 
011 0/1 

111 
213 212 
III III 

212 
0/\ III 

III III 
III 112 
III 419 
011 9/9 
III 9/9 
011 9/9 
0/1 9/9 

0/ 
01 

0/ 

01 

01 

11 

01 

0/ 

01 

\I 
01 

1 

1 

I 

I 

I 
I 

1 

1 

I 

1 

1 

919 

919 

9/9 

919 

919 

9/9 

919 
919 

919 

919 

919 
Oil 9/9 
0/1 519 

OIl' 919' 
0/1 8/9 
011 9/9 
OIl 7/9 

- -

212 
111 

112 

212 

212 
III 
III 

III 

III 
0/1 
Ifl 
0/2 
011 

1/1 

2/2 
III 

011 
III 

III 
0/1 
011 
011 
III 
011 

0/1 
011 

0/1 

0/1 

011 

0/1 

011 

011 

111 

0/1 

III 

011 
0/1 

0/1 

011 
011 
III 

-

212 

III 

212 

212 

212 

III 
0/1 

112 
111 

III 

111 

111 

0/2 

212 
011 
0/2 

1/2 

1/2 
011 

111 112 
011 0/1 
0/1 1"", -~11~31 
0/1 012 
III 112 
112 112 
011 011 
III 011 
III 212 
III 0/1 

III 011 
314 014 
3/3 1/4 
414 3/4 
31~ 214 
3/~ 114 

414 1/4 

414 3/4 

3/4 214 

3/4 3/4 

3/4 3/4 

214 3/4 

314 214 

3/4 3/4 

414 214 

3/4 214 

3/4 2/4 

3/4 214 
414 214 

3/4 0/4 

3/4 3/4 

313 0/4 
414 214 

- -

112 

111 

112 

012 

1/2 

III 
0/1 
1/2 

III 

0/1 
0/1 

0/1 

0/1 
011 
012 
III 

0/1 
011 

012 
214 
0/4 
2/4 
014 
214 

0/4 

3/4 

214 

1/4 

1/4 

414 

414 

414 

214 

114 

0/4 

1/4 
1/4 

1/4 

1/4 
1/4 
214 

-

III 
0/1 

III 

0/1 

212 

0/1 

0/2 

011 

III 
011 

0/1 
III 
III 
212 
0/1 
0/1 
III 

112 
011 
Oil 
0/1 
0/1 
011 

011 

011 

0/1 

011 

0/1 

011 

011 

0/1 

0/1 

0/1 

0/1 

0/1 
0/1 

011 

0/1 
011 
0/1 

-

012 

011 

012 

012 

112 

0/1 
0/1 

0/2 
011 

0/1 
0/1 
011 

0/1 
0/1 
0/2 
0/1 

011 
011 

012 
0/4 
\14 
1/4 
114 
0/4 

214 

214 

0/4 

114 

0/4 

0/4 

0/4 

1/4 

1/4 

0/4 

114 

0/4 
114 

1/4 

1/4 
214 
114 

6/9 
518 
5/8 
318 

om III 212 III 

-

III 

III 

III 
0/1 

212 111 

112 

012 212 
-~212';" 212 

011 

..-~012.:. 012 

..... ....:;,212;:1. 012 
011 011 
0/1 III 

011 
0/1 011 

011 
OIl 

III 011 
112 

0/1 011· 

012 
0/1 
OIl 

012 
014 012 2/8 
3/4 III 418 
214 1/2 8/8 
014 III 6/8 
114 112 5/8 

014 0/4 618 

414 214 3/8 

0/4 0/4 318 

414 0/4 518 

1/4 0/4 518 

414 314 418 

414 414 3/8 

414 414 418 

3/4 214 618 

1/4 414 618 

1/4 3/4 919 

114 414 919 
214 214 218 

014 3/4 5/8 

3/4 3/4 5/8 
1/4 III 4/8 

114 113 5/8 

- -

4 

- - -
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Radionuclide Frequency of Detect by Well 

TIt 230 TRITIUM TOTAL_RA U_234 AM_24 I PU_238 PM_147 TC_99 PU_239 PB_210 K_ 40 CM_244 C_14 CO_60 SR_89 
1/ 

II 

II 

01 

212 

1/2 

112 
1/ 

I 

I 

I 

I 

! 

! 

! 

I 

-

m 
~2 

1" 
m 
~ 

~ 

~ 

~2 

1" 
1" 
1M 
1" 
1M 

1" 
~ 

111 
1/1 
1/1 
III 

m 
1M 
1M 
m 
m 
1M 
~ 

1M 
m 
1" 
1M 
1M 
m 
m 
m 
1M 
m 
III 
III 

111 
1/1 

111 
1/1 
III 

111) 

Oil 

Oil 

011 

111 
2/2 

1/21 
011 

III 

011 

011 0/1 Oil 

0/2 012 112 
011 011 011 

III III III 
III III 012 

~) ~21 ~2) 
012 011 012 
1/1 111 111 

OIl' 111' 111' 

1/1) 

c::m:J 
c::Jill 

111) 

111) 

011 Oil 

212 012 

111 011 
III 011 
III 012 

212c::::m:J 
111 0/2 

012 011 

~, 

DEI 

Bill 1/1 

DEI 

-
Bill 1/1 

III 

om 
III om 

om 
Dill 

Dill 
III om 
III om 

Oil 

012 
011 

111 

1/1 

Oil 

011 

212 
111 111 

III III 

012 
112 
212 

......... 

012 

011 
011 

III 111 
011 1/1 

DEI 
011 

DEI 
011 

011 III 

011 
0/1 
Oil om 

Dill 
011 
Oil 

011 

DEI 

- • 

> I 
~ w 



TableA6 Radionuclide Frequency of Detect by Well 6 

WAG WELL C5_\37 RA_228 5R 90 ~_228 ~_230 
5 4226 

8m 4227 111 
422S[:::!EI 111 

111 
111 
111 

CM: 244 C 14 CO 60 5R_89 - om -
011 

4230 III 111 
4231[:::!E1 1/1 

5 4233 III 111 
5 4235 III 1/1 
5 4238 III 
5 4239CE 
5 4240 111 

111 
212 
111 I ~I 111 

5 4241 III 111 
5 4242 \/1 111 

4243 III 111 
4244 III 111 

5 4245 III 1/1 
5 4246 III 1/1 

1111 
011 

>-

4247 111 
424S[:::!EI 
4249 III 

1/1 
1/1 
1/1 

I 

~ 4250 III 
4251 III 

1/1 
1/1 

4252 \/1 1/1 011 
5 4253 \/\ 111 011 
5 4254 1/1 011 
5 4255~ 1/1 011 
5 4256 1/1 011 
5 4257 III 1/1 011 

r::JE) 011 
III 011 

5 425S 

5 4259 IiI 
1/1 
1/1 

5 4260 1/1 DEl 011 
5 4261 III 111 011 

r::JE) 011 
011 

S 4262 

S 4263[:::!E1 

111 
111 

S 4264 III 1/1 0/\ 
5 4265 111 011 
S 4266 III 111 III 
5 4267 111 01\ 
5 4268 III 111 011 

4269 III 1/1 011 
4270 III 1/1 011 
4271 1/1 OIl 

S 4272 1/1 011 
5 4273 111 011 
5 4274 111 011 
5 4275 111 011 

- - - - - - - - - - - - - - - - - - -



- - -
Table A,(; 

WAG 
5 

S 

S 

S 

.5 

5 
5 

5 

S 
5 

S 

5 

5 

5 
5 

.5 
5 

(; 

6 
(; 

(; 

(; 

(; 

6 
6 
6 
6 
(; 

6 

6 

6 
(; 

(; 

(; 

6 
6 

6 
6 
6 
6 
6 

6 

- - - - - - - - - - - - - -
Radionuclide Frequency of Detect by Well 

WELL CS 131 RA 228 SR 90 rn 228 rn 230 TRITIUM TOTAL RA U 234 AM 241 PU 238 PM 147 TC 99 PU 239 PB 210 K 40 CM 244 C 14 CO 60 SR 89 
4276 - - - - - 111 - - - - - - - - WEI - 011 - -

4277 III 111 III. 011 

4278 1,' 011 
4281 III 

4286 III 
4287c::JE] 
4289 

4290 III 

4291c::JE] 
4294 EffiI 4295 111 
4296 III 
4297 

4298 

4299c::JE] EffiI 4300 111 

4307c::JE] 
745 3110 5110 
831 419 819 
832 4110 519 
833 4110 5110 
835 4110 5110 
836 4110 4110 
837 418 318 
838 41\1 7111 
839 4110 6110 
840 9116 14116 

841 10116 12116 
842 6116 12116 
843 9116 11116 

844 9116 11115 
845 114 011 014 
846 5110 5110 
847 9/16 11116 

848 1/4 011 4/4 
849 0/6 013 0/6 

850 1/6 0/3 1/6, 
851 015 011 115 
852 014 011 014 
853 015 012 115 

854 015 011 0/5 

855 3110 4110 

'M 
1M 
1" 
1" 
m 
'M 
'M 
'M 
1M 
1M 
1M 
1M 
'M 

'" 'M 
1M 
1M 
1M 

6112 
8111 
2112 
7112 

12112 
11/12 
10110 
12113 
12112 
16116 -17117 

17117 
1&11& -16116 

011 011 414. 
5/12 

011 01 
013 

0/3 
012 
011 
012 

112 

01 
0/3 ..... -.;.61;.;;,j6 

012 SIS 
011 414 
012 315 

012' .tiS' 
10113 

214 
213 
313 
1/4 
114 
014 
112 
1/4 
314 
114 

314 

114 

214 

113 
1/4 011 
214 

1/4 

014 011 
016 0/3 

116 Oil 
014 012 
1/4 011 
215 012 
014 012 
014 

III 011 

011 

8m 011 
111 011 

III 011 

Bill 011 

111 

III -III 
rm1 

om tEl 

III 

Ifl 

011 011 

011 011 
012 012 011 

012 012 
012 012 
011 011 
011 011 

0/2 012 

4110 
319 

3110 
3/10 
3/10 
4110 

5/8 
4111 
6110 

11116 

10116 

16116 

15116 

8116 
113 

4110 
911(1 

013 
0/3 

0/3 
013 
013 
013 
013 

5/10 

- -
1 

> 
.!.:. 
VI 



TebleA.6 
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WAG 

6 
6 
6 
6 
6 

6 

6 
6 
6 

6 

6 

6 

6 
6 
6 
6 
6 
6 
6 

6 

6 

6 
6 
6 
7 
7 
7 
7 
7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 
7 

8 

8 
8 
8 
8 
8 
8 
8 

-

Radionuclide Frequency ofDeted by Well 

WELL CS_137 RA_228 SR 90 TIl 228 TII_230 TRITIUM TOTAL_RA U_234 AM_241 PU_238 PM_141 TC_99 PU_239 PB_210 K_4O CM_244 C_14 CO_6O SR_89 
856 4110 6;10' - 6/13 3/4 5/10 
851 5/10 6110 8/12 3/4 4110 
8S8 2110 1/10 SII2 0/4 3/10 
859 3/8 5/8 9/10 112 5/8 
860 7/11 6110 7/13 013 5/11 

1225 0/4 111[3 3/3 0/3' 314' 112 0/3 012 112 III III 212 
1226 011 011 0/1 III 1/1 011 III III 011 011 
1227 0/3 013 0/3 013 0/3 213 113 0/3 012 0/2 
1228 013 112 0/2 012 0/2 112 012 112 012 011 

1229 012 012 012 112 112 212' 112' 112 012 012 
1231 0/2 ~ 012 012 0/2 212 112 012 011 011 

1233 0/3 012 013 113 \13' 213' 112 213 0/3 013 
1234 011 011 011 012 
1236 011 011 011 III III 011 
1237 011 011 III 011 011 011 
1238 011 011 011 III 011 011 
1239 011 011 0/\ III III 011 
1240 
1241 

1242 
1243 

1244 
1245 
1249 
1071 
1072 
1073 
1014 
1015 

1076 

Ion 
1078 

1019 

1080 
1081 
1082 
1083 

1084 

1085 
1086 
1081 

1088 
1089 
1090 
1091 
1092 
1093 
1094 

-

011 
011 

5111 
3111 

216 
3/4 
01\ 
3/5 

3/5 
515 
3/5 
315 

415 

415 

215 

415 

415 
515 
215 
3/5 

315 

415 
315 

3/4 

214 
3/4 
214 
214 
414 
214 
3/4 

Oil 
011 

011 
011 

012 

011 

-

011 
011 

9/11 
9111 

3/6 
4/4 
011 
3/5 

SIS 
3/S 
4/5 
51S 

2/5 

415 
515 

415 

415 

515 
3/5 
515 

415 

415 
215 

c::EI 
3/4 
414 
414 
414 
3/4 
414 
414 

-

III 
111 

III 
011 

0/2 
011 
011 

III 

I/I_--!,~~ 
Olll-.....;.~~ 
011 ..... ...;.;;.;.;.01 
012 
011 
011 011 

515 
415 
515 
315 
3/5 

3/5 
215 
515 
SIS 

3/5 
515 

3/4 

414 

114 
1/4 
414 
0/4 
114 
214 

- -

111 
III 
III 
Oil 
III 
III 
011 

III 

012 

III 

-

1/\ 
III 
Oil 
III 
111 
III 

III 
011 

212 

011 

-

011 
III 
Oil 
011 
011 
Oil 
III 

011 
012 

011 

011 
011 
011 
Oil 
0:1 
011 
011 

Oil 

012 

011 

-

III 
Oil 
III 
1/\ 
011 

11\ 

III 

om 

-

212 

III 
III 
11\ 
212 

212 

011 
III 

- -

111 

III 

212 

III 

III 

Oil 

-

9/10 
0Iffi] 
DEI 

114 

3/5 
415 
415 
215 
415 
415 

415 

~ 

-

515 
215 
215 
415 
515 
515 

215 
415 

214 

1/4 
2/4 
2/4 
114 
214 
414 
3/4 

- - -
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TableA.6 
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Radionuclide Frequency of Detect by Well 

WAG WEll CS_131 RA_228 SR_90 TH_228 TH_230 TRITIUM TOTAl_RA U_234 AM_241 PU_238 PM_141 TC_99 PU_239 PB_210 K_40 CM_244 C_14 CO_60 SR_89 
414 8 1095 414 

8 1096 2/4 

8 1091 114 

11 1139 214 
11 1140 1/4 

11 1141 3/4 

11 1143 414' 

II 1144 3/4 
II 1145 3/4 

11 1146 214 
II 1147 214 
11 1148 1/4 
11 1149 214 
II 1246 214 
17 1196 216 
11 1191 616 
17 1198 416 
17 1199 416 
17 1200 416 
17 1201 416 
17 1202 316 
17 1203 3/6 

Seep 5NW·I 012 
Seep 5NW·2 114 

Seep BTTCim 
Seep FR£NCHDRA 012 

Seep RS·I 114 

Seep RS·3 0/4 

Seep SW2·1 1/2 

Seep SW2·2 112 

Seep SW2·3 012 

Seep SW2-4 3/4 

Seep SW2·5 012 

Seep SW4-1 014 

Seep SW4-2 2!2 

Seep SWS·JI 012 

Seep SWS·3 114 

Seep SW54 0/4 

Seep SWS·S 012 
Seep SWS-6 114 

Seep SWS·1 214 

Seep SWS·8 2/4 

Seep SWS·9 214 

Seep SW6-1 214 

Seep SW6-2 012 

Seep SW7·1 012 
Seep SW7·2 OIS 

414 

8iI 414 
3/4 
414 
214 
414 
014 
414 
3/4 

214 
214 
214 
3/4 

216 
416 
6/6 
6/6 
416 
416 
416 
416 
III 
2!2 

DEI 
III 

2!2 
III 

III 

31l 

414 
414 

3/4 

1/4 

114 
1/4 
414 
0/4 

014 
214 
3/4 

114 
3/4 

214 
616 
616 
6/6 
616 
416 
6/6 
416 
616 
III 
212 

III 

1111 
313 

212 

III 
,II 

III 

1 :1 
111 

1/1 
212 
212 
1/1 
212 
212 
212 
212 
212 
111 
III 

31l 

i' 

1/4 

414 

3/4 
3/4 
314 
3/4 

214 
214 
3/4 

114 
114 
414 
414 
416 
3/6 

SI6 
2/6 
416 
516 
416 
516 
012 
014 

012 

012 

3/4 

DEJ 
0/2 

0/2 

012 

1/4 

0/2 

014 

012 
012 

0/4 

0/4 

012 
0/4 

0/4 

014 

014 

214 

012 

012 

~ 

-
9 

-

~ 
:::1' 



TableA,;5 

- -

WAG 

Seep 

Seep 

Seep 

Seep 

Seep 

Seep 

- - -

Radionuclide Frequency of Ddect by Well 

- - - - - -

10 

CM 244 C 14 CO 60 SR 89 - -1 :1 -
()12 

t 
go 

- - - - - - - -
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Table A,7 

WAG 
I 

- -
WELL BE B2CEE 

533~5 0f2 
536 4110 01) 

538 315 012 

S39~ 012 

012 

012 

012 

015 

011 

Oil 

013 

Oil 

015 

014 

563 0f2 Oil 

~:mOI4 
571 3IlI 

sn 3/5 
519 1" 
S83 
S87 

601 015 

602Bi1" 
603 112 

604 115 

:§lIOI~ 
610 215 

611 112 

613 

618['E 

620 Olto 
621 

012 

014 

014 

011 

013 

011 

012 

2/4 

015 

012 
012 

01) 

0f2 

012 

0/1 

0f2 

014 
012 

012 

013 

012 

016 

016 

016 

016 

- - - - - - - - - '- - - - -
Chemical Frequency ofDet •• t by w.n 

TETlI22 DeEEII METHYL! METHYL2 DlC33 PCBI2S4 BIS_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBONJ DIBENZ_A HCBE INDENO_I NNDNPA PENTACHL 
0f2 012 012 0f2 0f2 0f2 0f2 012 0f2 012 012 012 0f2 012 0f2 012 012 

0/4 0/4 0/3 013 013 013 013 0/3 0/4 013 013 014 013 01) 013 013' 1/3' 
012 012 012 012 0f2 0f2 112 0f2 0/2 012 012 0f2 0f2 0f2 012 0f2 0f2 

0f2 012 012 0/2 012 0f2 012 012 012 0f2 012 0f2 012 0f2 0f2 012 0f2 

0f2 0/2 012 012 012 0f2 012 012 012 0f2 0f2 0f2 0f2 0f2 0f2 012 0f2 

0f2 0f2 012 0f2 0f2 0f2 112 012 0f2 0f2 0f2 012 0f2 012 0f2 0/2' 112' 
012 112 

015 015 

Oil 011 

011 Oil 

013 0/3 

011 Oil 

OIS~ 
0/4 014 

011 0/\ 
Oil 011 
012 0/2 

014 014 

0/4 014 

012 012 

01) 013 

Oil 
012 

011 

0f2 

Oil 
012 

Oil 

012 

012 

OIS 

011 

011 

013 

011 

015 

OI~ 

011 
012 

014 

014 

01\ 

013 

011 

012 

012 0f2 

OIS 015 

011 011 

011 011 

013 013 

0110/1 

015 015 

0/4 014 

011 011 
012 012 

014 0/4 

014 014 

011 011 

0/3 013 

011. 011 

012 012 

01\ 

014 

015 

012 
012 

013 

Oil 
0I4·'----~2/~4·'----~2/~4~'~~21~4~' 

012 

012 

012 

012 

014 
012 

012 

013 

012 

016 

016 

016 
016 

015 015 015 015 

012 012 012 012 

012 012 012 012 

013 013 013 013 

012 

012 
0f2 

012 

014 
012 

012 

013 

012 
016 

016 

016 

016 

012 

012 

011 

012 

0/4 
012 

0t2 

013 

012 
016 

016 

016 

016 

012 012 

012 012 

011 011 

012 012 

0/4 014 
012 012 

012 012 

013 013 

012 012 
016 016 

016 016 

016 016 

016 016 

012 

015 

011 

011 

013 

011· 

015 

0/4 

Oil 
012 

014 

014 

0f2 

013 

0f2 

0f2 

014 

015 

012 
0f2 

013 

012 

012 
Oil 

- 012 

014 
012 
0/2 

013 

012 

-012 

012 

012 

012 -

012 
115 

III 
011 

1/3 

Oil 
015 

1/4 

011 
0/2 

1/4 

014 

Oil 

013 

III 

012 

012 012 

015 015 

011 011 

011 011 

013 013 

011 0/1 

015' SIS' 
0/4 

011 
012 

014 

014 

011 

013 

011 

012 

014 

Oil 
011 
012 

014 

014 

012 
013 

011 
012 

011 

0/2 

012 

015 

011 

011 

013 

Oil 

015 

0/4 

011 
012 

014 

0/4 
011 

01) 

011 

012 

012 
015 

011 

011 

013 

011 

015 

014 

011 
012 

014 

014 

011 

013 

011 

012 

214' 214' 

011 
014''''--~214~'---2/~4' 

015 015 

012 012 
112 012 

113 013 

012 

112 

011 

012 

114 
012 
112 

013 

0f2 

016 

016 

016 

116 

012 

012 

011 

012 

014 
0f2 

0/2 

013 

012 

0/6 

0/6 

016 

0/6 

0/5 OIS 015 

012 012 0/2 
012 012 012 

013 013 013 

012 

012 

012 

0/2 

0/4 
012 
012 

013 
0f2 

0/6 

1/6 

1/6 

016 

012 

012 

011 

012 

014 
012 
012 

013 

012 

016 

0/6 

016 

016 

012 

0f2 

011 

012 
014 

012 
012 

013 

012 
016 

016 

016 
016 

012 

215 

011 

Oil 
013 

011 

015 

014 

011 
011 
012 

014 

014 

012 

013 

011 
012 
III 
012 

012 012 

OIS 015 

Oil 011 

011 Oil 

013 013 

Oil 011 

015 015 

0/4 014 

011 011 
0/2 012 

014 0/4 

014 014 

011 011 

013 013 

Oil Oil 

012 012 

012 

015 

011 

011 

0/3 

Oil 
0/5 

0/4 

0/\ 
012 

014 

014 

011 
01) 

0/1 

0f2 

0f2 012 

0/51 115' 
011 011 

011 0/1 

013 013 

011 011 

,015 015 

0/4 014 

011 011 
012 012 

014 014 

014 014 

011 011 

013 013 

011 011 

012 012 

III 
014r'--""!!2/~4·'-~214~'--~2/'!'!4'1"--~21~4·'I""'"--~21~4·' 

015 015 015 OIS 015 OIS 

012 012 012 012 012 0f2 

012 0f2 012 012 012 012 

0/3 013 013 013 013 013 

012 

012 

012 

012 

014 
012 

012 

013 

012 

016 

016 

016 

016 

012 0f2 

0f2 012 

Oil 011 

012 012 

014 014 
012 012 
012 012 

013 013 

012 012 

016 016 

016 016 

016 016 

016 016 

012 

0f2 

011 

012 

012 

011 

012 012 

014 014 
012 012 
012 0t2 

013 013 

0f2 012 

016 016 

016 016 

016 016 

016' 116' 

012 

012 

011 

012 

0/4 
012 
012 

013 

0/2 

016 

016 

016 

016 

-

~ 



Table A.7 Chemic::al Frequency of Detect by Wen 2 

VINYL_CH TR1123 012CHL3 OBEI2 0lOXANI4 PROPENE2 _3_3_ 01 WAG WELL 
012 I }33 

0/4 1 }36 

012 ~38 

012 ~39 

012 ~40 

012 ~41 

212' '43 
O/~ ~4S 

011 ~46 

011 ~48 

013 S49 

011 S~O 

1/5' ()/I 011 011 011 011 011 SS3 

014 ~'4 
011 ,sa 
011 ~63 

012 ~64 

014 ~66 

014 ~1I 

012 S72 > 013 '79 00 011 '83 0 
012 S81 

011 '88 
0/2 '89 

'90 
'93 

011 '96 
0/4 597 
OIS 012 012' 2121 2121 012 012 598 
012 599 
0/2 601 
1131 602 

603 

012 604 
607 

608 
012 610 
012 611 

613 
012 618 
0/4 620 
012 621 
012 622 
0/3 623 
012 634 
016 806 

016 801 
0/6 SO!! 

016 809 

- - - - - - - - - - - - - - - - - - -



• -
Table A.7 

WAG 

I 

- - - - - - - - - - - - - - - -
a..mica! Frequency of Detect by WeO 3 

WELL BE B2CEE TETII22 OCEEII METHYL! METHYL2 DIC)) PCB12S4 BIS_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBON_T DIBENZ_A HCBE INDENO_I NNDNPA PENTACHL 

814 -815 1113 

816131131 
818 1115 

819 0115 
820 3115 
821 0113 
822 1/13 
823 0It3 

8241 2115' 
82' 1/13 

'814 014 
815 014 
876 012 

871 018 
878 014 

879 0/4 

880 014 

881 014 
882 014 

884 014 

88' 018 
886 014 
946 2111 
947 211 

1100 014 
1101 013 

1102 014 
IIOl 014 

1104 014 
2S31 018 

4008 014 
4009 012 
lISa 016 
I'" 016 
1l'2 016 

016 

016 
016 
016 
019 

on 
016 
017 
017 
on 
016 
016 
016 
011 

016 
011 

018 

011 

016 
016 

013 

Oil 

012 

012 
014 
Oil 

012 
012 
Oil 

Oil 

all 
0/4 

Oil 
016 
014 

012 
012 

012 
012 

all 
014 
012 
013 
0/3 

018 

012 

012 
Oil 
013 
013 
QJ3 

016 
016 
OIS 
016 

OlIO 

016 

016 

In 
In 
011 
016 
016 
016 

on 
016 
011 

011 

on 
016 
016 
012 

012 
Oil 

Oil 
0/4 

012 

Oil 

012 
III 
012 

012 

014 

Oil 
016 
014 

012 
Oil 

012 

Oil 

012 
014 

012 
013 
OIJ 

018 

Oil 

Oil 
011 
013 
QJ3 

013 

016 

016 

01' 
016 

0110 

016 
016 

117 
117 
011 
016 
016 
016 
011 

016 
011 
017 
017 
0/6 

016 

012 

012 
Oil 

012 
014 

Oil 

012 

012 
1/2 

012 

012 

014 

012 
016 
014 

012 

011 

012 

Oil 

Oil 
014 

012 
QJ3 

013 

018 

012 

012 
011 
013 
013 
QJ3 

016 016. 016 

016 016 0/6 

016 016 016 

016 016 016 

019 019 019 

016 016 016 

016 016 016 
011 011 011 

017 017 011 

018 018 Oil! 
016 016 016 
016 016 016 
016 016 016 

on 017 017 

016 016 016 
011 011 017 

0/1 017 017 

011 011 on 
016 016 016 
016 016 016 

013 Oil Oil 

012 012 0/2 

0/2' 112' 012 
012 012 012 
014 014 014 

012 on 012 

012 012 012 

012 012 0/2 

012 0/2 0/2 

012 012 012 
011 011 Oil 

014 014 014 

Oil 012 012 
016 016 016 
014 014 014 
012 Oil 012 

012 012 012 
012 012 012 

Oil Oil 0/2 

012 012 0/2 
014 014 0/4 

012 012 012 
013 QJ3 013. 
013 OIJ OIJ 

018 018 018 

012 012 012 

012 Oil 012 
011 011 011 
013 013 013 
013 013 013 
013 QJ3 013 

012 

Oil 

011 
III 
OIS 

012 

012 
QJ3 

QJ3 

QJ3 

012 
012 
012 

Oil 

012 
013 
013 
013 

012 

012 
013 

012 

012 

012 
014 

Oil 

012 

012 
012 
012 

OIl 
014 

012 
014 
Oil 

012 
Oil 

012 
012 

012 

116 
016 

016 
016 

119 

on 
0/6 

017 
017 

211 
V6 
1/6 
1/6 

2/1 

116 

211 

217 

117 
1/6 

116 

1/3 

012 

012 

012 

214 
012 

Oil 

Oil 

Oil 
0/2 

011 
2/4 

012 
216 
1/4 

012 

012 

012 
0/2 

1/2 
1/4 

012 
3/3 
OIJ 

018 

012 

012 
011 
113 
013 
013 

016 

016 

016 

016 
019 
016 

016 
017 
011 

011 
016 
016 
016 

017 
0/6 

017 

018 
017 

016 
016 
013 
0/2 

0/2 

0/2 

0/4 

Oil 

012 

012 

012 

0/2 

011 

014 

Oil 
016 
014 

012 

012 
012 

012 

Oil 
014 

012 
0/3 
0/3 

018 

Oil 

Oil 
011 
013 
013 
QJ3 

016 
116 

OIS 

116 
1/10 

016 
016 

117 
217 

017 
016 
016 
016 
In 
016 
117 
117 
017 
016 

016 
012 

012 

012 

012 
014 

012 
Oil 

Oil 

III 
012 

012 

014 

012 
016 
014 

012 
Oil 

Oil 

012 

012 
014 
012 

013 
OIJ 

018 

Oil 

012 
011 
013 
QJ3 

113 

016 
016 

016 
016 ' 

019 

016 

016 

011 
011 

018 
016 
016 
016 
017 
016 
011 

018 
017 

016 

016 
QJ3 

012 
012 
012 

014 
012 

012 
012 
012 . 

012 

011 

014 

Oil 
016 
014 
012 

012 

012 

012 

012 
014 

012 
QJ3 

013 

018, 

012 

012 
011 
013 
013 
Oil 

016 

016 

016 
016 

019 

0/6 

0/6 

017 
017 

018 
016 
016 
016 

017 
016 
017 
0/8 

017 

016 
0/6 

013 
012 

012 
012 
0/4 

012 
0/2 

012 
012 
012 
011 
014 

012 
016 
014 
012 

012 
012 

012 

012 
014 

012 
all 
013 

018 

012 

012 
Oil 
013 
013 
013 

016 

016 

0" 
V6 

0110 

016 
016 

111 

117 
011 
0/6 
016 
016 

on 
016 

017 
011 

011 

016 
016 

012 

Oil 
Oil 

Oil 
014 
012 
012 

012 

112 

012 

012 
014 

012 
016 
014 

012 
011 

012 
012 

012 
014 

012 
Oil 
013 

018 

012 

012 
011 
QJ3 

013 
013 

016 
016 

016 
016 

019 
on 
016 
017 

on 
011 

016 
016 
016 
011 

016 

0/6 

016 
016 

016 

019 

011 

016 

011 
017 

017 
016 
016 
016 

011 

016 
017 011 

011 011 

on On 
016 016 

016 016 

013 013 

012 012 
Oil 012 

012 012 
014 014 

012 012 

012 012 

012 012 

012 Oil 

Oil Oil 

011 011 

014 0/4 

012 012 
016 016 
014 014 

Oil 012 

012 012 

012 012 

Oil 012 

012 012 
014 0/4 

012 012 
Oil 013 
013 013 

018 018 

012 012 

012 012 
011 011 
013 013 
013 013 
Oil 013 

016 016 016 

016 016 016 

016 016 016 

016 016 016 

019 019 019 

016 016 016 
016 016 016 
017 017 011 

017 017 011 

011 017 011 
016 016 016 
016 016 016 
0/6 016 016 
017 011 011 

016 016 016 

011 011 011 

011 011 017 

011 017 011 
016 016 016 

016 0/6 016 

013 013 013 

012 0121 1/2' 
012' 112 012 
Oil 
0/4 

Oil 
0/2 

012 
012 

012 
011 

014 

012 
016 
0/4 

Oil 

012 

012 

012 

Oil 
0/4 

Oil 
013 
OIJ 

018 

012 

Oil 
011 
QJ3 

013 
QJ3 

012 012 

0I4r=::::1m 
Oll~ 
012 012 

0/2 r::::::=3'1!I 
0/2~ 
0/2 012 

Oil' 111' 
014 014 

012 012 
016 016 
014 014 

012 012 

OI2r::::::=3'1!1 
Oll~ 
Oil 012 

012 012 
014 014 

012 Oil 
013 QJ3 

013 013 

018' 118' 
012 0/2 

Oil 
011 
0/3 
0/3 
0/3 

Oil 
011 
013 
QJ3 

013 

-

t -



Table A. 7 Chemical Frequency of Detect by Well 

VINYL_CH TRII23 DI2CHL3 DBE12 DlOXANI4 PROPENE2 _3_3_ Dt WAG WELL 
016 I 810 
016 _ 811 

016 812 
016 813 

0110 012 012 012 012 0121 2121 814 
016 8U 
016 816 
1n 111 011 818 
1n 111 011 819 
017 820 
016 821 
016 822 
017 823 
017 824 
3161 82$ 
017 826 
017 827 
017 828 
016 829 
1/61 830 > 012 873 

on 874 do 
t-.) 

012 01( OIl 011 011 011 0'1 87S 
012 876 
014 877 
012 878 
012 879 
012 880 

2121 881 
012 882 
012 884 

2141 88S 
012 886 
0/6 946 
014 947 

1121 1100 
011 1101 

B 1102 
1103 

on 1104 
014 2S31 
012 2533 

013 4003 

013 4004 
018 400) 

1121 4006 

012 4008 
011 4009 
013 2 1150 
013 2 IISI 
013 2 IIS2 

- - - - - - - - - - - - - - - - - - -



- -
T.bleA,7 

WAG 

2 

2 
2 
2 
2 
2 
2 
2 

2 
2 
2 

2 

2 
2 
2 

3 
3 
3 

3 

3 
3 
3 
3 
3 

4 

4 

4 

4 
4 

4 

4 

j 

S 

S 

- - - - - - - - - - - - - - - -
Chemieal Frequency or Detect by Wen 

WELL BE B2CEE TElII22 DCEEII METHYL! METHYL2 DlC33 PCBI2S4 BI5_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBON_T DIBENZ_A HCBE INDENO_I NNDNPA PENTACHL 
1 IS! 016 013 013 013 013 013 0/3 013 013 113 013 013 013 013 013 013 013 OIl 
11 S4 016 013 013 013 013 013 0/3 013 013 213 0/3 013 013 013 013 013 013 OIl 
I US 016 013 013 013 013 013 013 013 013 113 013 013 013 013 013 013 013 013 
I 156 0/6 OIl 013 013 013 OIl 013 013 013 113 013 013 013 013 013 013 013 OIl 
1185 016 OIl 113 0/3 0/3 OIl 013 113 013 013 013 013 013 013 013 013 013 013 
1186 016 013 013 013 013 013 013 013 013 013 Oil 013 013 013 013 013 013 013 
1181 016 013 013 0/3 013 013 Oil 013 Oil 013 013 0/3 013 013 013 013 013 013 
1188 016 013 013 Oil 013 013 013 013 013 013 013 013 013 013 013 013 013 013 
1189 016 0/3 013 013 013 0/3 0/3 113 013 013 013 013 013 013 013 Oil 013 013 
1190 016 013 013c:J1D 013 013 0/3 II) 013 III 013 0/3 013 013 013 OIl Oil OIl 
1191 016 013 013 013 013 013 013 III 013 013 013 013 013 013 013 013 013 013 
1192 016 013 013 013 013 013 Oil 1/3 013 013 0/3 013 013 013 013 0/3 013 013 
1193 016 013 013 013 013 013 013 013 013 013 013 013 013 013 013 013 013 013 
1194 []!I 013 013 0/3 013 013 0/3 0/3 013 013 013 0/3 013 013 013 0/3 013 013 

1195[J!!] 013 013 013 Oil 013 013 Oil 0/3 013 013 013 013 013 013 013 013 013 
1244 014 012 012 012 012 0/2 012 012 012 012 012 012 012 012 012 012 012 012 
124S 014 012 012 012 012 , 0/2 012 112 012 012 012 012 012 012 012 012 012 012 
985 014 0/2 

986C3E] 0/2 

987 014 012 
988 014 0/2 

990 014 012 
.991 014 012 

992CE) 012 
993 014 0/2 
994 014 012 
995 014 012 
996 014 012 
997 014 012 
998 014 012 

124SCE) 012 

948 017 014 
949 018 01' 
950 017 014 
951 017 014 
9'2 017 014 
953 0/7 0/4 

9S4 017 014 

9$5 017 014 

956 017 014 
951 017 013 
958 017 0/4 

959 018 OIS 
960 017 014 
961 017 0/4 
962 017 014 

440D!il 

:~EIlIOI! 
472 212 

476 212 

'U 
Sl4 011 

012 012 

012 012 

012 012 
012 012 
012 012 
012 012 

012 012 

012 0/2 

012 012 
012 012 
012 012 
012 012 
012 012 
012 012 
014 014 
016 0/6 

015 OIS 
015 015 
014 014 
OIS OIS 

OISc:::!1iJ 
014 0/4 

014 014 
OIS 015 

0I4c:::EJ 
016 016 
015 OIS 
OIS 015 
OIS OIS 

012 
011 

011 
all 

012 

011 

012 

012 

012 
012 
012 
012 
012 

012 
012 
011 
012 
012 
012 
0/2 

0/4 
OIS 
014 
014 
0/4 
014 

0/4 

0/4 

0/4 
0/3 

014 

015 
014 
014 
014 

012 012 
012 012 

012 012 
012 012 
012 012 
012 012 
0/2 0/2 

0/2 012 
012 012 
012 012 
0/2 012 
012 012 
012 012 
012 012 
0/4 014 
015 OIS 

014 014 
014 0/4 

014 0/4 
014 0/4 

014 014 

014 0/4 

0/4 014 

0/3 013 

. 014 014 

OIS 015 
014 0/4 

014 014 
014 014 

012 

012 

012 
012 
012 
112 
012 

0/2 
012 
012 
012 
012 
012 

012 
0/4 

OiS 
0/4 
0/4 
0/4 
014 

014 

014 

014 
013 

0/4 

OIS 
014 
014 
014 

011 
Oil 
011 

Oil 

011 

0/2 

012 

012 
012 
012 
012 
012 

012 
012 
012 
0/2 

012 
012 

012 

014 
OIS 
014 
014 
014 
0/4 

0/4 

014 

014 
013 

014 

OIS 
014 
0/4 
014 

012 

012 

012 
012 
012 
012 
012 

112 
012 
012 
012 
012 
012 
012 
014 
0/6 

OIS 
OIS 
014 
OIS 
liS 

014 

114 
015 

114 

0/6 

OIS 
OIS 
OIS 

fl!'l 
011 

011 

Oil 
112 

Oil 

012 
0/2 . 

012 
012 
012 
012 
012 

012 
012 
012 
012 
012 
012 

012 

014 
OIS 
014 
0/4 
0/4 
0/4 

0/4 

014 

014 
013 

014 

OIS 
014 
014 
0/4 

012 

012 

012 
012 
012 
012 
0/2 

012 
012 
012 
012 
012 
012 

012 

014 . 
015 

0/4 
0/4 

014 
014 

014 
014 

0/4 
0/3 

0/4 

OIS 
014 
014 
014 

012 

012 

012 
012 
012 
012 
012 

012 
012 
012 
012 
012 
012 

012 

014 
016 
OIS 
015 
014 
015 

015 

014 

014 
015 

014 

016 
015 
015 
015 

fl!'l 
011 

011 
011 

012 

011 

012 0/2 

Of.! 012 

012 0/2 
012 012 
012 012 
012 012 
Of.! 012 

012 012 
012 012 
012 012 
012 0/2 
012 012 
012 012 
012 012 

014 014 
015 01' 
014 0/4 

0/4 014 
014 014 
014 014 

014 014 

014 014 

014 014 
013 013 
0/4 014 

OIS 015 
014 014 
014 014 
014 0/4 

012 

012 

012 
012 
012 
012 
012 

012 
012 
012 
012 
012 
012 

012 

014 
01$ 
014 
014 
0/4 

014 

014 

014 

0/4 
013 

014 

OIS 
014 
014 
014 

012 

012 

012 
012 
012 
012 

012 

012 
012 
012 
012 
012 
012 
012 

014 
OIS 
014 
0/4 
014 
014 

014 

014 

014 
Oil 

0/4 

015 
014 
014 
014 

012 

012 

012 
012 
012 
012 

012 
012 
012 
012 
012 
012 
012 
012 

014 
01$ 
014 
014 
014 
014 

014 
014 

014 
Oil 
014 

015 
014 
014 
014 

-

t 
Vol 



Table A.7 Chemical Frequency of Detect by wen 6 

VINYL_CH TRl123 012CHL3 OBE12 DlOXANI4 PROPENE2 _3_3_01 WAG WELL 
013 2 1U3 
013 11$4 
013 1m 
013 1U6 
013 118S 
013 1186 
013 1187 
013 1188 
013 1189 
013 2 1190 
013 2 1191 
013 2 1192 
013 2 1193 
01) 2 1194 
013 2 119S 
012 2 1244 
012 2 124$ 
012 3 98$ 
012 3 986 
012 3 981 
012 988 
012 990 
012 991 > 012 992 

~ 012 993 
012 994 
012 995 
012 996 
012 997 
012 998 
012 1248 
014 948 
0/6 949 
0/5 950 
015 951 
014 9$2 
O/S 9H a 9S4 

214 9SS 
014 956 
01$ 9$1 

4/4' 4 958 

016 959 
01$ 960 
015 4 961 
015 4 962 
012 5 440 
011 441 

011 468 
011 472 

2121 476 

$13 
011 514 

- - - - - - - - - - - - - - - - - - -



- - - - - -, - - - - - - - - - - - -
TableA,7 Chemic!d Frequency of Detect by WeD 

WAG WELL BE B2CEE TETll21 OCEEII METHYL I METHYLl D1cn PCB1254 BIS_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBON_T D1BENZ_A HCBE INDENO_I NNDNPA PENTACHL 
5 516 112 
5 517 

5 
5 

5 

5 
5 

5 
5 

5 

5 , , 

5 , 

5 , 
5 
5 

5 

5 
5 

518 
519 
520 
m 
522 
523 

5241::i!i1 
525 
526 011 
708 
715 

716[JE] 
963 118 OIl 
964 018 OIl 
96S 018 013 
966 018 013 
967 018 013 
968 Oill 013 

969 Oill 013 

970 018 013 
971 018 OIl 
972 018 013 
973 0/8 013 

974 0J8 013 
975 Oill 1/3 
976 0/8 0/3 

977 018 Oil 

978 118 013 

979 0/8 013 
980 0/8 013 

981 Oil! 01) 

982 018 013 
983 118 013 

984 4/8 013 
1105 
1106 Oil 
1107 

1108 

4113(12 
4114 212 

4115 1/2 

4116 112 
4173 
4174 

4175 
4176 
4177 

, 5 4178 
5 4179 

4179 
4180 

Oil 
01) 

OIl 
OIl 
013 
013 

013 

0/3 
01) 

013 

013 

013 

013 
01) 

013 

013 

0/3 
OIl 

013 

OIl 
013 
013 

011 

011 

011 

011 
014 
014 
015 
014 
014 
014 

015 

014 
014 
0/4 
015 

014 
015 

014 
014 
51S 

014 
0/4 

014 
014 
015 
014 

011 

012 

212 
012 

012 

013 
013 
013 
013 
013 
0/3 

013 

013 
OIl 
01) 

OIl 

013 

013 
0/3 

0/3 

013 

013 
013 

013 

013 
013 
0/3 

013 013 
0/3 0/3 
013 0/3 
01) 0/3 
013 0/3 
0/3 013 

013 013 

0/3 0/3 
013 013 
013 0/3 

013 013 

013 013 

013 013 

OIl 013 

013 013 

013 013 

013 013 
013 013 

0/3 013 

013 0/3 

013 013 
013 013 

Oil 

111 

III 

011 

011 014 
011 2IS 
011 214 
011 014 
Oil 0/4 

011 014 

011 114 

011 014 

011 014 
011 0/4 

011 014 

011 014 
011 014 

011 014 

0/11 3151 
011 014 

011 014 
011 014 

011 014 

011 114 
011 014 
011 014 

011 

OIl 
011 

III 
112 

013 
013 
013 
013 
013 
013 
013 

OIl 
013 
013 

013 
013 

OIl 
013 

013 

013 

013 
01) 

013 

013 
013 
013 

011 

011 

Oil 

011 

014 
0!4 
OIS 
014 
014 
014 

015 

014 
014 
014 

I" 
014 

115 

014 

014 

SIS 

!14 

014 

014 

014 

0" 
014 

011 

012 
'012 

012 

012 

013 
01) 

013 
013 
013 
013 

013 

013 
013 
01) 

Oil 
Oil 

013 

013 

013 
013 . 

013 
013 
013 

013 
013 ' 
013 

013 
01) 

01) 

013 
013 
013' 

013 

013 
013 
013 
013 
013 . 
013 
013 

013 ' 
013 

013 
013 

013 

013 
013 
013 ' 

'\ 

011 

011 

Oil 

011 

014 
014 
0/5 
014 
0/4 
014 
OIS 

014 
014 
014 
015 
014 
015 
014 

014 
015 
014 
014 
014 

014 
015 
014 

111 

012 

012 

012 

112 

013 OIl 
013 013 
013 013 

. 013 013 
013 013 
013 013 
013 0J3 

013 013 
013 013 
013 013 
013 013 

0J3 0/3 

013 013 

013 013 
013 013 
013 013 

0/3 013 
013 013 
013 0/3 

013 013 
013 013 
013 013 

0/3 
013 
0J3 
0J3 
013 
OIl 
013 

013 
013 
0/3 

013 
013 
OIl 
013 

013 

Oil 

013 
0/3 

013 
013 
013 
013 

013 
013 
01) 

013 
0/3 
013 
0J3 

0J3 
013 
013 

013 

013 

013 

013 

013 
013 

013 
01) 

013 

013 
013 
013 

013 
013 
013 
01) 

013 
013 

013 

013 
Oil 
013 
013 
0J3 

013 
0/3 

013 

013 
013 
0/3 

0/3 

013 
013 
013 

-

t 
VI 



Table A.7 Chemical Frequency of Det .. t by WeU 8 

VINYL_CH TRIll] 0I2CHLl OBEll D10XAN14 PROPENEl _3_3_ 01 WAG WELL 

011 5 516 
5 517 

518 
$19 

'20 
m 
$22 
52) 

011 '24 
515 

011 526 
5 708 
$ 7U 

011 S 716 

014 , 96) 
0/4 964 
01$ 965 
014 966 
0/4 .5 967 
0/4 968 

4151 969 ./ 

0/4 970 > 
014 971 00 
014 912 0'\ 

GO 5151 S 973 

014 $ 974 

5151 S 975 

014 976 

014 971 

5151 978 

014 979 
014 5 980 

1141 5 981 
014 $ 982 
015 S 983 
014 S 984 , lIOS 
011 1106 

1107 
1108 

OIl 4113 

2121 4114 

012 411' 
0/2 4116 

,I 4113 

4174 
4175 

4176 
4177 

4178 

4179 

4\19 
41SO 

- - - - - - - - - - - - - - - - - - -----------------_ ... _----
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Table A.7 Olemical Frequency or Detect by WeD 9 

WAG WELL BE B2CEE TETlI22 DCEEII METHYLI METHYL2 DlO) PCBI254 BIS_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBON_T DlBENZ_A HCBE rNDENO_1 NNDNPA PENTACHL 
4185 
4188 
4189 
4190 
4191 
419) 
4195 
4198 
4199 
4201 
4202 
420) 
4204 
4205 
4206 
4207 
4208 
4209 
4211 
4212 
4213 
4214 
4216 
UI8 
UI9 
4221 
4224 
4225 

5 . 4226 
5 4227 

4228 
U30 
~231 

4233 
4235 
4238 
4239 
4240 
4241 
4242 
424) 
4244 
4245 
4246 
4247 
4248 
4249 
4250 
4251 
4252 
4253 
4254 
4255 
4256 
4257 
4258 

> 
~ 

-



TableA.7 ChemicaJ Frequency or Detect by WeD 

- - - - - - - - - - -

418' 
, 4188 
, 41t19 

S 4190 
S 4191 
S 4193 
, 419' 
, 4198 

S 4199 
S 4201 

-

4202 
4203 
4204 

420' 
4206 
4207 
4208 
4209 
4211 
4212 
4213 
4214 
4216 
4218 
4219 
4221 

4224 

422' 
4226 
4227 
4228 

4230 
4231 
4233 

423' 
4238 
4239 
4240 
4241 
4242 
420 
4244 

424' 
4246 
4247 
4248 
4249 

42'0 
42$1 
42$2 
42$3 

42'4 
42" 
42$6 

42'7 
42'8 

-

10 

- - - - - -
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Table A.1 Chemical FRquency or Deteel by WeO 11 

WAG WELL BE B2CEE TETl122 DCEEII METHYLI METHYU DIC)) PCB12S4 BIS_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBON_T DlBENZ_A HCBE INDENO_I NNDNPA PENTACHL 
5 4259 

4260 
4261 
4262 
4263 
4264 
4265 

5 4266 
4261 
4268 
4269 
4210 
4211 
4212 
4213 
4274 
4215 
4216 
4211 
4278 
4281 
4282 
4283 
4284 
4285 
4286 

5 4281 
5 4289 
5 4290 
5 4291 

S 
(\ 

6 
(\ 

(\ 

(\ 

6 

6 
(\ 

(\ 

(\ 

(\ 

(\ 

(\ 

(\ 

(\ 

(\ 

4294 
429S 
4296 
4291 
4298 
4299 
4300 

01) 

012 
014 

013 
01) 

013 
011 

013 
013 

013 

013 
01) 

013 
014 

014 

013 

0111 

0110 

0111 

0111 

0110 

0111 

019 

0112 

0111 
0111 
0119 

0118 

0111 
0111 

OIS 

0111 

0111 
0110 

01\1 

1111 
0110 

0111 

019 
0112 
0111 
01\1 

0119 

VI8 
01\1 
0111 

0" 
0111 

013 

012 
014 

013 

013 

013 
011 

013 
013 

013 
013 

013 
013 

014 
0/4 

013 

013 013 

012 012 

014 014 

013 013 

0/3 013 

013 013 

011 011 

013 013 

Oil 013 

013 013 
,O/) 013 

013 013 
01) 01) 

0/4 014 

014 014 

013 013 

014 

013 

014 

014 

014 

114 

012 
014 

014 

0/4 

014 

014 

014 

014 

0/4 
014 

013 

1/2 

114 

013 

113 

213 

011 

1/3 
2/) 

\/3 
II) 

II) 

113 
1/4 

1/4 

113 

013 

012 

014 

013 
013 

013 

011 

013 
013 

013 

013 
013 
01) 

014 

014 

013 

0/11 

0110 

0111 

0111 

4110 

0111 

0/9 

0112 
0111 

0111 
0119 ' 

0118 

1111 
VI1 

OIS 
0111 

013 

012 
014 

013 

013 

013 
011 

013 
013 ' 

013 
013 
013 

013 
014 

014 

013 

013 0111 

012 0110 

014 0111 
013, 0111 

013 0110 

013 0111 
011 019 

013 0112 
013 0111 

013 0111 
013 0119 

013' 17118' 
013 1111 
014 

014 

013 

0111 

OIS 
0111 

013 0/3 

012 012 

014 014 

01) 013 

013 013 

013 01) 

011 011 

0/3 0/3 

013 013 

013 0/3 
0/3 013 

013 01) 

013 013 

014 014 

014 014 

013 013 

013 

012 

014 

013 

013 

013 

011 
0/3 

013 
01) 

013 

013 
013 
014 

014 

013 

01) 

012 
014 

01) 

013 

013 

Oil 
013 
013 

OIJ 
013 

013 
013 
014 

014 

013 

013 

012 
014 

013 

013 

013 

011 
013 
013 

013 

013 

013 

013 
014 

014 
0/3 

,-

~ 



Tabl. A.7 Chemical Frequency of Detect by WeD 12 

VINYL_CH TRlI23 D12CHL3 DBEI2 D10XANI4 PROPENE2 _3_3_ DI WAG WELL 
5 42'9 

4260 
4261 
4262 
4263 
4264 
4265 
4266 
4261 

5 4268 

(- 5 4269 
4210 
4211 
4212 
4213 
4214 
4215 
4216 
4211 
4218 
4281 

_ 5 4282 
4283 » 4284 8 4285 
4286 
4281 
4289 
4290 
4291 
4294 
4295 
4296 
4291 
4298 
4299 
4300 
4301 

0111 6 145 

0110 6 831 
0111 6 832 
0111 6 83l 

0110 4/4 6 835 
0/11 6 836 

019 6 831 
01\2 6 838 
0111 6 839 

0/17 6 840 
0/19 6 84\ 
0/18 III 6 842 
0/17 6 843 

0111 6 844 

01' 6 845 
0111 6 846 

- - - - - - - - - - - - - -
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Table A. 7 

WAG 

6 
6 
6 

6 

6 

6 
6 
6 
6 
6 
6 
6 

6 

6 
6 

6 
6 
6 

6 

6 
6 

6 
6 

6 
6 
6 

6 
6 
6 
6 
6 

6 
6 

7 
1 
8 
8 

- -; -' 
WEll 

1221 016 

122sms 
1229 1/4 

1231 214 

1233 216 

:~!:mOl~ 
1237 1/2 

1238 214 

1239 214 
1240 012 
1241 012 
1242 012 
1243 012 
1244 014 

1245[J!D 

1249 012 

t07lCil 
1012 115 
1013 115 

1074Ci1 

1015 "' 
1016[]g 

1017 11' 
1018 0/5 

1019[]g 

lOBO 01' 

OIJ 0111 

014 014 

016 016 

016 011 

015 011 

014 01' 
016 015 

01' 016 
013 0113 

OIJ 0113 

OIJ 0111 

OIJ 0111 

011 019 
014 0112 

014 018 
011 012 

014 014 
014 017 

013 OIS 

011 013 

0I4D!!1 
012 OI~ 

011 012 

011 012 

012 or.! 
or.! 

011 012 
011 012 

011 0112 
011 0112 
012 018 

011 016 

011 012 

012 012 

012 012 
012 012 

012 012 

012 012 

012 012 

012 012 
012 012 

012 012 

012 012 
1081 015 on 012 

012 
012 

012 
012 
012 
012 
012 

1082 01.1 012 
1083 015 012 

1084[]g 012 

1085 OIS 012 
1086 015 012 
1081 014 012 
1088 014 012 

0117 

014 

116 

011 

on 
OIS 

OIS 

116 

0113 

0113 

0111 

0111 

019 
0112 

018 
012 

014 

017 

015 

013 

317 

014 

012 
012 
012 
012 
012 
012 

0112 
0112 

018 
016 

012 

012 

012 
012 

012 
012 

012 
012 
012 
012 

012 
on 
012 
012 

012 

012 
012 
012 
012 

'. .. -' - i_ -' ,- .. - - - ,- -',-, -

Chemical Fnoquency of Detect by w.n 

MErnYlI MErnY12 DIC33 PCBI254 BIS_2_ET BENZBFLU BENZENE BENZAANT BENZAPYR CARBON_T DIBENZ_A HCBE lNDENO_1 NNDNPA PENTACHl 

OIJ 013 OIJ 014 113 OIJ 0117 OIJ 013 om 013 OIJ OIJ 013 013 

014 014 014 014 l/4 014 014 014 014 014 014 014 014 014 014 

016 016 016 OIS 316 016 S/6 016 016 016 016 016 016 016 016 

016 016 016 011 4/6 016 6n 016 016 011 016 016 0/6 016 016 

015 OIS OIS 014 31S 015 011 015 015 In 01' 01' OIS 015 01' 

014 014 014 014 l/4 014 41S 014 014 01' 014 014 014 014 014 

016 016 016 014 3/6 016 OIS 016 016 01' 016 016 016 016 016 

OIS 015 OISc::::lEI ,41S 015 116 015 OIS 016 OIS 015 015 OIS OIS 

013 013 013 014 113 OIJ 0113 013 OIJ 0113 013 013 013 013 OIJ 

OIJ OIJ 013 014 113 OIJ 0113 013 OIJ 0113 OIJ 013 OIJ OIJ OIJ 

OIJ 013 OIJ 014 113 013 0111 013 OIJ 0111 OIJ 013 013 OIJ OIJ 
OIJ 013 OIJ 014 Jl3 013 1111 OIJ OIJ 0111 013 013 013 OIJ OIJ 

011 011 011 012 011 011 019 011 011 019 011 011 011 011 011 

014 014 014 014 l/4 014 0112 014 014 0112 014 014 014 014 014 

014 014 014 011 014 014 018 014 014 018 014 014 014 014 014 

011 011 011 011 011 011 012 011 011 012 011 011 011 011 011 

014 014 014 012 014 014 014 014 014 014 014 014 014 014 014 

014 014 014 013 114 014 In 014 014 011 014 014 014 014 014 

013 013 OIJ 0/3 113 0/3 OIS 013 OIJ 01' OIJ 013 OIJ OIJ 013 

011 011 011 011 011 011 013 011 011 013 011 011 011 011 011 

014 014 014 012 014 014 311 OI~ 014 011 014 014 014 014 014 

012 012 on 011 012 012 014 012 012 014 012 012 012 012 012 
011 011 011 011 011 011 012 011 011 012 011 Oil 011 Oil 011 

011 011 011 011 011 011 012 011 011 012 011 011 011 011 011 

012 012 012 011 012 012 012 012 012 012 012 012 012 012 012 
011 012 012 

011 011 011 011 011 011 012 011 011 012 011 011 011 011 011 
011 011 011 Oil 011 011 012 011 011 tin 011 011 011 011 011 
011 011 011 Oil 011 011 0112 011 011 0112 011 011 011 011 011 
011 011 011 011 011 011 0112 011 011 0112 011 011 011 011 011 
012 012 012 014 012 012 018 012 012 018 012 012 012 012 012 

011 

011 

012 

012 
012 

012 
012 
012 

012 
012 

012 

012 
on 
M 
012 

012 

012 
012 
012 
012 

011 011 

011 011 

012 012 

012 012 
012 012 

012 012 

012 012 

012 012 

012 012 
012 012 

012 012 

012 012 
012 on 
012 012 
012 012 

012 012 

012 012 
012 012 
012 012 
012 012 

011 

011 

011 

011 

012 
012 
012 

012 

012 

012 

012 
012 

012 

012 
on 
012 
012 

012 

012 
012 
012 
012 

011 

011 

012 

012 
012 
012 
012 

012 

012 
012 

012 

012 
on 
012 
012 

012 

012 
012 
012 
012 

Jl6 

012 
012 

012 
012 

012 

012 

012 

112 
012 

012 

012 
012 

M 
012 

012 

012 
012 
012 
012 

011 

011 

012 

012 
012 

012 

012 

012 

012 
012 

012 

012 
on 
012 
012 

012 

012 
012 
012 
012 

011 

011 

012 

012 
012 

012 

M 
012 

012 
012 
012 
012 
012 

012 
012 
012 
012 
012 
012 
012 

016 

012 
012 

012 
M 
012 
M 
012 

012 
012 
012 

012 
012 

012 
012 
012 
012 
012 
012 
012 

011 011 

011 011 

012 012 

012 012 
012 012 
012 012 
012 012 

012 012 

012 012 
012 012 

012 012 

012 012 
on 012 

012 012 
012 012 

012 012 

012 012 
012 012 
012 012 
012 012 

011 

011 

012 

012 
012 

012 

012 

012 

012 
012 

012 

012 
012 

012 
012 

012 

012 
012 
012 
012 

011 

011 

012 

012 
012 

012 
012 

012 

012 
012 
012 

012 
012 

012 
012 
012 

012 
012 
012 
012 

011 

011 

012 
012 
012 

012 

012 

012 

012 
012 

012 

012 
012 

012 
012 

012 

012 
012 
012 
012 
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Table A,1 Chemical Frequency of Detect by WeD 14 

VINYL_CH TRI!23 DI2CHLJ DBE12 DlOXAN14 PROPENE2 _3_3_ DI WAG WELL 
0111 6 841 

014 III 6 848 

416' 111 6 849 
on 111 6 850 
on 212 (\ 851 
015 212 6 852 a (\ 853 
116 (\ 854 

0113 6 855 
Olll 6 856 
0111 6 851 
0111 6 858 

019 6 8'9 
0112 6 860 

1IB' (\ 122' 
012 6 1226 a 6 1227 

6 1228 

01' 6 1229 
013 (\ 1231 

3n' 6 1233 > 014 0'1 011 011 011 Oil oil 6 1234 is 012 (\ 1236 
012 6 1237 
012 6 1238 
012 6 1239 
012 (\ 1240 
012 (\ 1241 

0112 (\ 1242 
0112 (\ 1243 

018 (\ 1244 
016 0'2 012 012 012 Oil (\ 1245 
0/2 (\ 1249 
012 1071 
012 1072 
0/2 1073 
012 1074 

012 1075 
012 1076 

012 1077 
012 1078 
012 1079 

012 IOSO 
012 IOSI 
012 1081 
012 1083 
012 1084 
012 7 IOS5 
012 7 1086 
012 8 1087 
012 8 1088 

• - ,- .. - - - - - - -



• -
Table A.7 

WAG 
8 
8 
8 
8 
8 
8 
8 
8 
8 

II 
II 
II 
11 
II 
II 

II 
II 
II 
II 
II 
17 
17 
17 
17 
17 

17 

17 
17 

- ._; ,.', \- ~, - - .. ' ~ ,- - .. - - i_, -
Chemical Frequency ofDetec:1 by WeD 

WELL BE B2CEE TET1I22 OCEEIl METHYL! METHYI..2 Dl03 PCB12~4 BIS_2_ET BENZBFl..U BENZENE BENZMNT BENZAPYR CARBON_T DIBENZ_A HCBE INDENO_I NNDNPA 
1089 014 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
1090 014 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
1091 014 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
1092 014 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
1093 014 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
1094 014 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
109' 0/4 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
1096 014 . 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
1097 014 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
II 39 014 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
1140 014 0/2 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
1141 014 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
1143 014 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
1144 014 012 012 012 012 012 012 012 012 Oil 012 012 012 012 012 012 012 

114~ [J3 012 012 012 012 012 012 012 012 Oil on 012 012 012 012 012 012 

1146 014 012 012 012 012 012 012 012 012 Oil 012 012 012 012 012 012 012 
1147 014 012 012 012 012 012 012 012 012 Oil 012 012 012 012 012 012 012 
I 148 014 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
1149 014 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 012 
1246 014 012 012 012 0/2 012 012 012 012 012 012 012 012 012 012 012 012 
1196 OI~ 013 01) 013 013 013 013 013 013 013 013 013 OIl 0/3 013 013 013 
1197 01' 013 013 013 0/3 0/3 013 013 013 0:3 013 013 013 013 013 01) 013 
1198 01' 013 013 013 013 013 013 013 013 013 013 013 013 01) 013 013 OIl 
1199 01' 013 013 0/3 013 0/3 01) 0/3 013 013 013 013 013 013 013 013 013 
1200 0/' 013 013 013 013 013 013 013 013 Oi3 013 013 013 013 013 013 013 

1201 01' 0/3 013[3 013 013 013 013 013 3i3 013 013 013 013 013 013 013 

1202 01' 013 013 013 013 013 013 013 0/3 013 013 013 013 0/3 013 013 013 
1203 01' 013 013 013 013 0/3 0/3 013 013 013 013 013 013 013 013 0/3 013 

5NW·I III 
'NW·2 112 

BIT III 011 011 011 011 

PENTACHL 
012 
012 
012 
012 
012 
012 
012 
012 
012 
012 
012 
012 
0/2 
012 
012 

012 
012 
012 
012 
012 
013 
013 
013 
013 
013 

013 

013 
013 

IS 

Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 

Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 
Seep 

FRENCH DRA 011 
RS-I 1/3 
RS-3 112 

SW2·1 III 
SW2·2 III 
SW2·3 III 
SW2·4 011 
SW2·~ 011 

SW4-I 1/2 

SW4·2 111 

SW~·II III 
SW5·3 III 
SW~·4 112 
SW,·, 011 
SW,-<S 112 
SW'·7 113 
SW~·8 012 
SW'·9 112 
SW6-1 112 
SW6-2 011 
SW7·1 III 
SW7·2 113 
SW7-3 112 
SW7.~ 111 

011 

011 

011 
012 
011 
011 

014 

012 

011 
011 
012 
012 
012 
011 

Oil 

Oil 
011 
012 
011 
011 

2/4 

1/2 

011 
011 
012 
012 
012 
011 

Oil 

0'1 
!PI 
012 
011 
011 

014 

112 

011 
011 
012 
012 
012 
011 

011 

011 
011 
012 
Oil 
Oil 
014 

012 

011 
011 
012 
012 
012 
011 

-

; 



Table A.7 Chentical Frequency or Detect by Wen 16 

VINYI._CH TRII2) D12CHU DBEI2 DlOXANI4 PROPENE2 _3_3_ Dl WAG WELL 
012 8 1089 
012 8 1090 
012 8 1091 
012 8 1092 
012 8 1093 
012 8 1094 
012 8 1095 
012 8 1096 
012 8 1097 
012 II 1139 
012 II 1140 
012 II 1141 
012 II 114) 
012 II 1144 
012 II 114' 
012 II 1146 
012 II 1147 
012 II 1148 
012 II 1149 
0/2 II 1246 
013 11 1196 
013 11 1197 > OIJ 11 1198 I 
013 17 1199 ~ 
013 17 1200 
3/3' 17 1201 
013 11 1202 
01) 17 1203 

Seep SNW-I 
Seep SNW-2 

011 011 011 Seep BTT 
Seep FRENCHDRA 

011 011 011 Seep RS-I 
Seep RS-3 

011 011 011 Seep . SW2-1 
011 Oil Oil Seep SW2-1 
012 012 012 Seep SW2-3 
011 011 011 Seep SW2-4 
011 all all Seep SW2·' a 014 014 Seep SW4·1 

012 012 Seep SW4-2 

Seep SW,·11 
Seep SW'-3 
Seep SW, ... 
Seep SW,., 

Seep SW,-6 
Seep SWS·1 
Seep SW5-8 
Seep SW'·9 

Oil Oil 011 Seep SW6-1 
011 011 all Seep SW6-2 
012 012 012 Seep SW7-\ 
012 012 012 Seep SW7-1 
012 012 012 Seep SW7.) 
011 011 011 Seep SW1-S 

- - '- - - ,- - - - - - -
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Table A.7 

. WAG WELL BE B2CEE TET1I22 DCEEH 
Seep SW1.(1 III 012 012 
Seep W4TRlB-11 011 011 
Seep W4TRlB-' 011 011 
Seep W4TRlB-1 011 011 

iJIIII "i - _1 .' - - - •• - _I -- '. 
Chemical Frequency or Detect by WeD 11 

METHYL! METHYLi OIC)) PCB12'4 BIS_2_ET BENZSFLU BENZENE BENZAAtH BENZAPYR CARBON_T D1BENZ_A HeBE INDENO_1 NNDNPA PENTACHL 

012 012 
011 
011 
011 

011 
011 
011 

• 

> 
~ 
VI 



T.bl.A1 CIt<miC81 Frequent)' of Detect by Wen 111 

VINYL_CH TRlI23 Ol2CHL3 OBEI2 0I0XANI4 PROPENE2 _3_3_ 01 WAG WELL 
012 012 01'2 Seep SW1~ 

III 011 Oil Seep WHRIB-ll 
Oil Oil Oil Seep WHRIB-~ 

011 011 Oil Seep WHRIB-1 

- - - .. - -. - - - '- - -, ,- -



I 
,I 
ll, 
,I 
I 
, 
I 
I. 
I 
I 
I 
I 
,I 
I 
I 
I 
I 
I' 
I 

A-97 

Table A.S. Table of Chemical and Radiological Abbreviations 

Chemieals 
_3_3 _DI 3,3'-Dimethylbenzidine 
B2CEE I, 1'-0",:ybis[2-chloro]-ethane {Bis(2-chloroethyl)ether} 
BE Berylliwn 
BENZMNT Benz[a] anthracene 
BENZAPYR Benzo[a]pyrene 
BENZBFLU· Benz [ e ]acephenanlhrylene {Benzo[b ]fluoranthene} 
BENZENE Benzene 
BIS _2_ ET Bis-2 -ethylhexyl phthalate 
CARBON_T .. Carbon tetrachloride 
D 12CHL3 1,2-Dibromo-3-cbJoropropane 
DBE 12 1.2-Dibromoethane 
DCEE 11 I, I-Dichloroethene 
DffiENZ_A Dibenz[a,h]anthracene 
DIC33 3,3'-Dichlorobenzidine 
DIOXANI4 \,4-Dioxane 
HCBE Hexachlorobenzene 
INDENO _I Indeno[ I ,2,3-cd]pyrene 
METHYL 1 t -Methyt-2.4-dinitrobenzene {2,4-Dinitrotoluene} 
METHYL2 2-Methyl-I,3-dinitrobenzene {2,6-Dinitrotoluene} 
NNDNPA N-Nitroso-Di-N-propylamine 
PCB 1254 Arochlor 1254 
PENT ACHL Pentachlorophenol 
PROPENE2 2-Propenenitrile {Acrylonitrile} 
TET II 12 I , I , I ,2-Tetrachloroethane 
TRII23 1.2,3-Trichloropropane 
VINYL_CH Vinyl chloride 
1 Conunonly used synonyms of chemical names are shown in braces { }. 

Radionuclides 
CS 137 Cesiwn-137 
RA_228 Radiwn-228 
SR_90 Strontiwn-90 
TH_228 Thoriwn-228 
TH_230 Thoriwn-230 
TRITIUM Tritiwn (H-3) 
TOTAL_RA Total Radiwn 
U_234 Uranium-234 
AM_24 I Arnericiwn-24I 
PU 238 Plutonium-238 
PM_147 Promethiwn-147 
TC_99 T echnetiwn-99 
PU_239 Plutoniwn-239 
PB_21O Lead-210 
K_40 Potassiwn-40 
CM_244 Cwiwn-244 
C_14 Carbon-l 4 
CO_60 COOalt-60 
SR_89 Strontiwn-89 
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