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“National Oil and Hazardous Substances Pollution Contingency
Plan” (40 CFR 300)

National Environmental Policy Act of 1969

“National Priorities List” (40 CFR 300, Appendix B)
Nez Perce Tribe

Nonradioactive Dangerous Waste Landfill
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Oregon State Department of Ecology
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total organic compound
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volatile organic compound
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Waste Management Area
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METRIC CONVERSION CHART

Into Metric Units

Out of Metric Units

If vou know Multiply by To ger If vou know Multiply by To get

Length Length

inches 25.40 millimeters millimeters 0.0394 inches

inches 2.54 centimeters centimeters 0.394 inches

feet 0.305 meters meters 3.281 feet

yards 0.914 meters meters 1.094 yards

miles (statute) 1.609 kilometers kilometers 0.621 miles (statute)

Area Area

sq. inches 6.452 sq. centimeters Q. centimeters 0.155 8q. inches

s5q. feet 0.0929 sq. meters 5q. meters 10.764 sq. feet

sq. yards 0.836 sq. meters §q. meters 1.196 s3q. yards

5g. miles 2.591 s5q. kilometers sq. kilometers 0.386 $q. miles

acres 0.405 hectares hectares 2471 acres

Mass (weight) Mass (weight)

ounces {avoir) 28.349 grams grams 0.0353 ounces (avoir)

pounds 0.454 kilograms kilograms 2.205 pounds (avoir)

tons (short) 0.907 ton (metric) ton {metric) 1.102 tons (short)

Volume Volume

teaspoons 5 milliliters milliliters 0.034 ounces
(U.S,, liquid)

tablespoons 15 milliliters liters 2.113 pints

ounces 29.573 milliliters liters 1.057 quarts

(U.S., liquid) (U.S., liquid)

cups 0.24 liters liters 0.204 gallons
(U.S., liquid)

pints 0473 liters cubic meters 35.315 cubic feet

quarts 0.946 liters . .

(U.S., liquid) cubic meters 1.308 cubic yards

gallons 3.785 liters

(U.S., liquid)

cubic feet 0.0283 cubic meters

cubic yards 0.764 cubic meters

Temperature Temperature

Fahrenheit (°F-32)*5/9 Centigrade Centigrade (PC*9/5)+32 Fahrenheit

Radioactivity Radioactivity

picocurie 37 millibecquerel millibecquerel 0.027 picocurie
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1.0 STEP1-STATE THE PROBLEM

The purpose of this data quality objective (DQO) process is to identify and evaluate the data
needs to support the remedial investigation/feasibility study (RI/FS) process for the

200-PO-1 Groundwater Operable Unit (200-PO-1 Groundwater OU). This DQO defines and
evaluates the data needs to define the nature and extent of contamination in support of the risk
assessment, evaluation of remedial action alternatives, and long-term monitoring of completed
remedial actions.

The RIFS process for the 200-PO-1 Groundwater OU complies with the scoping requirements
contained in 40 CFR 300.430(a)(iii)(F), “Remedial Investigation/Feasibility Study and Selection
of Remedy.” The feasibility study (FS) will evaluate three alternatives to fulfill the requirements
of identifying likely response scenarios.

The first alternative discussed in the “National Oil and Hazardous Substances Pollution
Contingency Plan” (40 CFR 300) (NCP) is that the U.S. Environmental Protection Agency
(EPA) “expects to return usable ground waters to their beneficial uses wherever practicable”
(emphasis added) (40 CFR 300.430(a)(iii)(F)). The NCP goes on to state that “[w]hen
restoration of ground water to beneficial uses is not practicable, EPA expects to prevent further
migration of the plume, prevent exposure to the contaminated ground water, and evaluate further
risk reduction.”

The second alternative is considered if it is determined that it is not technically practicable to
“return usable ground waters to their beneficial uses wherever practicable.” Then alternate
concentration limits (ACL) will be established. The EPA has considered the appropriate usc of
ACLs; the following text is an excerpt from EPA 2005, “Use of Alternate Concentration Limits
(ACLs) in Superfund Cleanups,” OSWER 9200.4-39:

Section 121(d)(2)(B)(ii) also addresses ACLs and limitations concerning their use, as
follows:

(ii) For the purposes of this section, a process for establishing alternate concentration
limits to those otherwise applicable for hazardous constituents in groundwater under
subparagraph (A) may not be used to establish applicable standards under this paragraph
if the process assumes a point of human exposure beyond the boundary of the facility, as
defined at the conclusion of the remedial investigation and feasibility study, except where-

(D) there are known and projected points of entry of such groundwater into surface water,
and

(1I) on the basis of measurements or projections, there is or will be no statistically
significant increase of such constituents from such groundwater in such surface water at
the point of entry or at any point where there is reason to believe accumulation of
constituents may occur downstream; and

(I1l) the remedial action includes enforceable measures that will preclude human
exposure to the contaminated groundwater at any point between the facility boundary

1-1
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and all known and projected points of entry of such groundwater into surface water
then the assumed point of human exposure may be at such known and projected points

of entry.

The third alternative is based on item (II) above. Ifit is determined that it is not technically
practicable to achieve ACLs everywhere within the plume boundary, then one or more
conditional points of compliance will be established. For example, points of compliance could
be at the boundary of individual waste area groups (groupings of proximate waste sites), and
going next to the plume boundary. These alternatives are listed in order of descending
preference. Section 1.1 provides a preliminary list of remedial action alternatives that may be
evaluated in the FS.

The remedial action includes enforceable measures that will preclude human exposure to the
contaminated groundwater at any point between the facility boundary and all known and
projected points of entry of such groundwater into surface water. Then the assumed point of
human exposure may be at such known and projected points of entry.

The final DQO report is the foundation for preparing a new RI/FS Work Plan and the
characterization Sampling and Analysis Plan (SAP) (DOE/RL-2007-30, Sampling and Analysis
Plan for Characterizing the 200-PO-1 Groundwater Operable Unit) (Characterization SAP).

A Monitoring SAP (DOE/RL-2003-04, Sampling and Analysis Plan for the 200-PO-1
Groundwater Operable Unif) is being implemented for the 200-PO-1 Groundwater OU. Related
studies for the 200-PO-1 Groundwater QU are listed in Table 1-3 in Section 1.4, and inciude
DOE/RL-95-100, RCRA Facility Investigation Report for the 200-PO-1 Operable Unit,
DOE/RL-96-66, RCRA Facility Corrective Measures Study for the 200-PO-1 Operable Unit,
DOE/RL-92-19, 200 East Groundwater Aggregate Area Management Study Report; and
DQE/RL-92-04, PUREX Plant Source Aggregate Area Management Study Report (PUREX
AAMSR). The current understanding of groundwater quality in the 200-PO-1 Groundwater OU
is included in PNNL-16346, Hanford Site Groundwater Monitoring for Fiscal Year 2006.
Figure 1-1 illustrates the location of the 200-PO-1 Groundwater OU and other OUs at the
Hanford Site.

1.1 PROJECT OBJECTIVES

The primary objective of this groundwater DQO is to define the data needed to support
implementation of the Comprehensive Environmental Response, Compensation, and Liability
Act of 1980 (CERCLA) RI/FS process for the 200-PO-1 Groundwater OU including
development of a work plan and RI for determining the nature and extent of contamination, an
FS for evaluating remedial action alternatives, and a long-term performance monitoring program
for the 200-PO-1 Groundwater OU. Remedial-action alternatives are not fully evaluated.

The possible remedial action alternatives are as follows:

¢ No action (as required by the NCP})
« Institutional controls (current action) and monitored natural attenuation {current action)

1-2
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Figure 1-1. Location of the 200-PO-1 Groundwater Operable Unit at the Hanford Site.
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» Groundwater pump-and-treat (using onsite treatment system)
e (Containment — hydraulic or physical barriers

« In situ treatment — permeable reactive barriers, etc.

« In situ anaerobic bioremediation.

Another objective of this DQO is to develop a sampling design that will either confirm or reject
the conceptual site model (CSM). This DQO summary report provides the sampling
requirements, analyses to be performed, detection limit requirements, and other analytical
performarnce requirements (e.g., precision and accuracy) for additional data collection that
supports the DQO objectives.

1.2 PROJECT ASSUMPTIONS

Table 1-1 lists the assumptions under which this DQO report has been prepared. These
assumptions were developed and agreed to by the DQO Team that is described in Section 1.6.
The DQO Team included representatives of the Washington Sate Department of Ecology
(Ecology); U.S. Department of Energy (DOE), Richland Operations Office (RL); DOE, Office of
River Protection (ORP), EPA; Fluor Hanford, Inc.; and Pacific Northwest National Laboratory
(PNNL). The project assumptions and global issues were discussed in a series of meetings
beginning in fiscal year (FY) 2005. The resulting design from this DQO is provided in the
Characterization SAP.

Table 1-1. Project Assumptions. (2 Pages)

COPCs are constituents that define existing, emerging, and anticipated groundwater contaminant
plumes within the currently defined boundaries of the 200-PO-1 Groundwater OU. Analysis of
groundwater samples will include measurement of COPCs and of additional parameters needed to
establish local geochemical conditions. Information obtained from activities being undertaken at the
Plutonium-Uranium Extraction Plant, WMA A-AX, BC Cribs, and US Ecology are within the area of
interest and will be a part of the data gap evaluation for the 200-PO-1 Groundwater QU RI/FS.

The BC Cribs and Trenches and US Ecology are outside the currently defined 200-PO-1 Groundwater
OU, but will be evaluated for potential contaminant source threat in the future. Information from
decision documents and reports for these areas is incorporated by reference for this DQO summary
report.

WMA A-AX is within the currently defined 200-PO-1 Groundwater QU and is being analyzed as part
of the Tank Farm Closure and Waste Management environmental impact statement and single-shell

3 tank performance assessment. Available information will be incorporated by reference. The Tank
Farm environmental impact statement groundwater modeling activity is assumed to be completed in
2008 before modeling activities for the 200-PO-1 Groundwater OU will be completed.

An intent of this DQO process is to maximize the use of data obtained from existing and planned
monitoring wells, but new wells and deepening of existing wells are not precluded.

Information obtained from activities in adjacent groundwater 200-PO-1 Groundwater OUs will be
5 included but not duplicated. For example, the potential for flow to the southeast into the
200-PO-1 Groundwater OU will be evaluated in the 200-BP-5 Groundwater QU RI/FS process.
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Table 1-1. Project Assumptions. (2 Pages)

Because of the complexity of the groundwater remedy decision framework the 200-PO-1 Groundwater
OU, a phased approach will be employed for documenting groundwater remedy decisions in

6 accordance with EPA guidance (EPA 540-R-98-031, Appendix B). This approach is used at sites with
very complex groundwater contamination problems where it may be difficult to determine whether
required cleamup levels are achievable at the time a remedy selection decision must be made.

This DQO summary report addresses CERCLA, RCRA past-practice groundwater monitoring, and

7 ATEA-based surveillance monitoring requirements in the 200-PO-1 Groundwater OU. RCRA
treatment, storage, and/or disposal unit groundwater-monitoring changes may be considered if
necessary to support 200-PO-1 Groundwater OU characterization.

For this DQO summary report, it is assumed that groundwater data resulting from sampling and

8 analysis at all RCRA, RCRA past practice, CERCLA, and Site-wide (AEA) monitoring wells will be
used to support the development of DQO decision statements applicable to the 200-PO-1 Groundwater
ou.

9 Because of the benefit to CERCLA monitoring, investigation-derived waste associated with other
groundwater investigations may be handled as CERCLA waste.

No presumptions are being made regarding adequacy of the existing monitoring well network as

10 presented in DOE/RL-2003-04, Sampling and Analysis Plan for the 200-PO-1 Groundwater Operable
Unit. Monitoring well network design modifications will be presented in revisions to
DOE/RL-2003-04, which will be reviewed annually and updated as needed.

It is assumed that responsibility for vadose-zone characterization (which includes evaluation of
potential for impact to groundwater) and remediation remains with the individual waste site

11 200-PO-1 Groundwater QU project, and that waste site and 200-P0O-1 Groundwater OU lead personnel
will integrate data needs such that the 200-PO-1 Groundwater OU data needs are met. This includes
the current supplemental vadose-zone investigation activity.

12 Past activities in groundwater contaminant modeling have yielded results of limited utility. Continued
development of transport parameters and corroboration of modeled results are required.

13 Double-shell tanks will continue to operate to facilitate tank waste retrieval and ultimate closure of
WMA A-AX.

AEA = Atomic Energy Act of 1954.

CERCLA = Comprehensive Environmental Response, Compensation and Liability Act of 1950.
COPC = contaminant of potential concern.

DQO = data quality objective.

ou = operable unit.

RCRA = Resource Conservation and Recovery Act of 1976.

RI/FS = remedial investigation/feasibility study.

WMA = Waste Management Area.

1.3 PROJECT ISSUES

Interviews with regulators, stakeholders, and technical experts identified important global and
technical 1ssues regarding the design of an adequate monitoring network, continued
characterization, contaminant transport modeling, and the evaluation of remedial alternative

actions.
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1.3.1 Global Issues

Table 1-2 represents a summary of the issues identified during the DQO interviews, and is
intended as a guide when considering the decisions presented later in this report. The list of
global issues and issue resolutions are presented as revised and approved by the DQO Team and
DQO key decision makers described in Section 1.6.

Table 1-2. 200-PO-1 Groundwater Operable Unit Issues and Resolutions. (5 Pages)

Ssue
It should be assumed that the BC Cribs and the US Ecology landfill are inside the 200-PO-1
Groundwater OU, (Ecology)

BC Cribs is part of the 200-BC-1 Waste Sites OU and is outside the 200-PO-1 Groundwater OU
boundary as currently defined in the Tri-Party Agreement. The US Ecology landfill is currently
1 located within the 200-UP-1 Groundwater OU geographic interest area and outside of the
currently defined 200-PO-1 Groundwater OU boundary decision scope. Although these are not
officially part of the 200-PO-1 Groundwater OU, site information will be included in the DQO
report as appropriate. A clarification of the 200-PO-1 Groundwater OU boundary and the DQO
study area is defined in Chapter 4.0 of this DQO summary report. {DOE)

The hydraulic divide between the 200-P0O-1 and 200-BP-5 Groundwater OUs is becoming
progressively indistinct as water levels decline. This complicates local-scale contaminant
transport predictions and blurs the relationship between respective source OUs and
groundwater OUs. Combining the 200-PO-1 and 200-BP-5 Groundwater OUs into one
groundwater OU should be considered. (Ecology and OR)

DOE will complete separate RI/FS document activities as agreed to in Tri-Party Agreement
milestones, although 200-PO-1 and 200-BP-5 Groundwater OU activities will be coordinated and
discussed in both reports. Any critical data gaps will be integrated between projects. (DOE)

Tritium, I-129, and nitrate are the three main COPCs identified in the 200-PO-1 RFI/CMS
documentation prepared from 1995-1997. (Ecology)

The 200-PO-1 Groundwater OU COPC list will be reevaluated as part of the DQO, the RI/FS
Work Plan activity, and the RI/FS activity to reflect more recent data.

Ecology has reviewed borehole data for RCRA wells in WMA A-AX and noted organic vapor
analysis at 3.6 — 3.8 ppm organics at 300 ft below ground surface; therefore, it is expected that
analysis of volatile organic compounds by the volatile organic analysis method will be included
in the sampling analysis plan for the monitoring well network in the 200-PO-1 RI/FS Work
Plan. (Ecolegy) Ecology has sampled trichloroethylene and chloroform above CLARC
groundwater values in US Ecology downgradient groundwater wells. This information should
be considered in preparation of RI/FS Work Plan-associated sampling and analysis plans
NRDWL VOCs. (Ecology)

Data provided by Ecology for the US Ecology site will be considered in evaluating additional
data needs for the 200-PO-1 Groundwater QU. A revised monitoring well network sampling and
analysis plan is planned for the 200-PO-1 RI/FS Work Plan (DOE/RL-2007-31, Draft A), due
September 30, 2007.
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Table 1-2. 200-PO-1 Groundwater Operable Unit Issues and Resolutions. (5 Pages)

Ecology requests a revision of the conceptual model to take clastic dikes into account.

Clastic dikes have been studied and documented in clastic injection dikes of the Pasco Basin and
Vicinity (BHI-01103) and this information will be incorporated into the RI/FS documentation
where applicable.

The 200-PO-1 Groundwater OU is currently a RCRA past practice OU. (EPA)

Ecology will remain the Lead Regulatory Agency as agreed upon in the Tri-Party Agreement and
has agreed that a combined RI/FS report will satisfy the requirements for an RFI/CMS. The DOE
will prepare a 200-PO-1 CERCLA RI/FS Work Plan by September 30, 2007, in accordance with
Milestone M-013-10A. (DOE).

The A-AX Tank Farm is in the 200-PO-1 Groundwarter OU. The C Tank Farm is in the
200-BP-5 Groundwater OU, and effort should not be duplicated for the 200-PO-1
Groundwater QU RI/FS activity. (DOE)

A duplicate investigation of the C Tank Farm will not be conducted as part of the 200-PO-1
RI/FS; however, the 200-BP-5 Groundwater QU characterization of the C Tank Farm will be
referenced and considered as appropriate in the 200-PO-1 Groundwater OU DQO report.

Boundaries of the 200-PO-1 Groundwater OU are unclear and need clarification. (NPT)

An updated clarification of the 200-PO-1 Groundwater OU boundary and DQO study area of
interest, is addressed in Step 4 of the DQO process and is presented in this DQO summary report
(DOE).

What steps will DOE take to ensure integration with others in the Central Plateau and River
Corridor regarding RCRA/CERCLA, source terms, deep vadose zone, groundwater plumes,
solid waste environmental impact statement, natural resource damage assessment, and
ecological risk assessment? (OR)

RCRA and NEPA decision documents and decisions will be incorporated as appropriate into the
CERCLA RI/FS documentation prepared for the 200-PO-1 Groundwater OU. Information from
source site and model group source terms, deep vadose and RI/FS information (e.g., COPCs} will
be included in the 200-PO-1 RI/FS process as data are made available. (DOE)

10

Define the various end states envisioned for this OU. Describe how the desired end state will
be substantially redefined and how might data from the RI/FS process influence that decision.
(OR)

End states for this OU will be evaluated and discussed in the RI/FS Work Plan. Existing
published information on end states will be considered and redefined as needed in RI
documentation depending on aquifer vulnerability information gathered.

11

Describe how all COPCs will be addressed in the project. Define what is known and what
maore needs to be known regarding inventories and mobility of radioactive and other chemicals
in groundwater. Key COPCs are tritium, iodine, cobalt, uranium, carbon and carbon
tetrachloride. What are the COPCs? (OR)

COPCs will be evaluated beginning with the use of existing COPC lists from work plans from
source sites overlying the 200-PO-1 Groundwater QU to develop a groundwater COPC list and
then conducting a screening process as conducted for the 200-UP-1 and 200-ZP-1 Groundwater
OU COPC lists.
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Table 1-2. 200-PO-1 Groundwater Operable Unit Issues and Resolutions. (5 Pages)

12

Evaluate the need to sample for volatile organic compounds in groundwater and include
neptunium and Sr-90 at the PUREX cribs.

The volatile organic compounds will be evaluated in conjunction with COPCs beginning with the
use of existing COPC lists from work plans from source sites overlying the 200-PO-1
Groundwater OU to develop a groundwater COPC list and then conducting a screening process as
conducted for the 200-UP-1 and 200-ZP-1 Groundwater OU COPC lists.

13

What is the source of uranium in 699-37-474? Cobalt-60 and Cs-137 have been detected
using borehole geophysics near the water table (NPT). The nitrate plume extent on the plume
map (PNNL-15070, Hanford Site Groundwater Monitoring for Fiscal Year 2004) differs in
Jlow direction than I-129 and the inconsistency needs to be resolved.

Any anomalies that are eccurring within the 200-PO-1 Groundwater OU will be evaluated as part
of the DQO process to determine data gaps.

14

Groundwater data are totally inadequate to characterize aquifer contamination. (CTUIR)
Need to assess preferential flow paths and include in groundwater models. (OR) The preferred
flow paths in groundwater need identification. (NPT)

Any anomalies that are occurring within the 200-PO-1 Groundwater OU will be evaluated as part
of the DQO process to determine data gaps.

15

Please describe the kinds of data needed to lead to good decision making that will be protective
of human health and the environment. (OR) How are temporal data factored in the sample
design? (OR) How many samples will be needed to achieve the necessary level of uncertainty?
Describe the hypothesis being tested and how that influences sample design. (OR)

A table containing the information type and use collected for the 200-PO-1 DQO process
originally was provided in DOE/RL-95-100, Appendix B, Table B1-2 RFI CMS, and will be
reevaluated as part of the RI/FS process. The kind of data that are necessary for the risk
assessment will be based on this DQO process.

16

In the three major potential source areas of PUREX cribs, WMA A-AX, and BC Cribs, there
has not been an adequate job of borchole or surface geophysics to characterize the areas for
selected remedies. (CTUIR)

The source area investigations for PUREX cribs, WMA A-AX and BC Cribs are not within the
scope of this DQO process but are being addressed in the waste site OU RI/FS process. Existing
information (e.g., OU work plans and feasibility studies) have been reviewed as part of the
200-PO-1 COPC list in this DQO process and is incorporated by reference because they are
within the geographic area of interest.

17

There is a great need for more site characterization at the PUREX cribs. The conceptual
madel is too simple. Future characterization needs to be handled better than what has been
done to date. Geophysics is presently being done, but more is needed. (YIN)

Any anomalies that are occurring within the 200-PO-1 Groundwater OU will be evaluated as part
of the DQO process to determine data gaps.

13

Much of the Reach does not have enough monitoring (aquifer tubes). More money is needed
Jor tube work. (YIN) Additional characterization and monitoring of the OU/Columbia River
boundary is needed,

Any anomalies that are occurring within the 200-PO-1 Groundwater QU will be evaluated as part
of the DQO process to determine data gaps to satisfy the baseline risk assessment.
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Table 1-2. 200-PO-1 Groundwater Operable Unit Issues and Resolutions. (5 Pages)

19

How will contaminants move in the future and how is the baseline defined? (OR) Discuss
how much uncertainty is acceptable for model forecasts. (OR} How will differences between
model forecasts and observed datu be resolved? (OR) If there is extensive capping of source
areas, how will that affect flow paths and volumes through the vadose zone into the
groundwater. (OR)

Modeling of surface remedial actions and their affect on flow paths in the vadose zone are being
addressed in waste site and tank farm OU RI/FS activities. Existing information that was
collected for the 200-PO-1 RFI/CMS activity and any additional data that have been developed
since will be assessed to determine the need for additional modeling forecasts based on
acceptable uncertainty as determined in this 200-PO-1 DQO process.

20

The inventory of contaminants in the vadose zone needs to be well-defined.

The inventories in the vadose zone are being defined in the source site OU RI/FS process.
A review of contaminant contributions from the overlying waste sites to the groundwater OU is
being conducted as part of this DQO process.

21

The effect of remedial action alternatives on the mobility of contaminants in the vadose zone or
at the surface needs to be well-defined.

The effect of remedial action alternatives on the mobility of contaminants in the vadose zone will
be addressed in the source site OU investigations. The vadose zone source OUs will consider the
effect of their remedial alternatives on groundwater as part of their feasibility studies. The result
of the vadose zone mobility evaluations and remedial alternatives from the source OUs will be
considered in the 200-PO-1 RI/FS.

22

Major preferential groundwater flow paths from sources to the Columbia River need to be
identified and sampling frequency addressed. Surface geophysical methods may be useful for
identifying geologic strata and structure variations that affect groundwater preferred flow
paths,

The need for additional data requirements to address geologic variations and preferential flow
paths will be addressed in this DQO process.

23

Sensitivity analysis should be done for groundwater model input parameters, particularly with
respect to spatial variations in hydraulic parameters, factors affecting contaminant
retardation, vadose flux, and variations that may be caused by future changes in land use or
water management.

The need for additional analysis for groundwater mode! input parameters to address spatial
variatiens in hydraulic parameters will be addressed in this DQO process.

24

Begin groundwater remediation even if we do not have adequate understanding of the vadose
zone sources. The remedial actions can be refined as additional information is obtained.

Areas of contamination for where there are remedial treatment technologies available will be
evaluated for additional data needs in this DQO process. The RI/FS process will result in
evaluation of both near- and long-term remedial alternatives. The CERCLA process allows a
regulatory path for both near- and long-term remedial actions. These will be considered in the
RI/FS process.

25

200-PO-1 Groundwater OU monitoring plans and reports are published in numerous reports
by treatment, storage, and/or disposal and OU monitering activities. Consolidated monitoring
documents for the 200-P0O-1 Groundwater OU are needed to simplify data review for the RI/'FS
process. (Ecology)

Any anomalies that are occurring within the 200-PO-1 Groundwater OU will be evaluated as part
of the DQO process to determine data gaps.
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Table 1-2. 200-PO-1 Groundwater Operable Unit Issues and Resolutions. (5 Pages)

Jlastic ]ryec fon
Ecology, 2005 Cleanup Levels & Risk Calculations (CLARC) database

DOE/RL-2007-31, Remedial Investigation/Feasibility Study Wark Plan for the 200-PO-1 Groundwater Operable Unit.
DOE/RL-95-100, RCRA Facility Investigation Report for the 200-PO-1 Operable Unit.

Tri-Party Agreement, Hanford Federal Facility Agreement and Consent Order (Ecology et al., 1989).

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980.
CLARC = cleanup levels and risk calculations.

CcoprC = contaminant of potential concern.

CTUIR = Confederated Tribes of the Umatilla Indian Reservation.
DOE = U. 8. Department of Energy.

DQO = data quality objective.

Ecology = Washington State Department of Ecology.

EPA = U.S. Environmental Protection Agency.

NEPA = National Environmental Policy Act of 1969.

NPT = Nez Perce Tribe.

OR = QOregon State Department of Ecology.

ou = opperable unit.

RFI/CMS = RCRA facility investigation/corrective measures study.
RI/FS = remedial investigation/feasibility study.

Tri-Party Agreement = Hanford Federal Facility Agreement and Consent Order (Ecology et al., 1989).
YIN = Yakima Indian Nation.

1.3.2 Task Specific Issues and Resolutions

The DQO team members agreed that this DQO should identify all required data needs to support
a defensible groundwater remedial decision. The output should be specific in terms of COPCs,
the spatial resolution for describing the site, and specific areas of the 200-PO-1 Groundwater QU
to which a fate and transport model might be applied. The schedule for availability of specific
data 1s an important consideration.

As the Soil & Groundwater Remediation Project develops plans to remediate the

200-PO-1 Groundwater QU vadose zone, it will be important to remain cognizant of the end
state of each waste site and potential impacts on the unconfined aquifer. It is pertinent that the
Soil & Groundwater Remediation Project closely coordinates with the River Cormdor Contractor,
the Tank Waste Remediation Contractor, and PNNL technical resources (e.g., Hanford Science
and Technology Program).

Groundwater-monitoring decisions and remedial actions for COPCs that may reach groundwater
will be made largely on the basis of the expected concentrations in groundwater through time.
The long-term behavior of specific COPCs in the vadose zone and groundwater of the 200 Area
is uncertain. This uncertainty may be decreased by obtaining additional information regarding
the contaminant plume, three-dimensional distribution, specific matrix attributes in the vadose
and the saturated zones, and hydraulic conditions in the unconfined and confined aquifers.
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1.4 EXISTING REFERENCES

Table 1-3 lists the principal references consulted during the preparation of this report. Each
entry is accompanied by a brief summary of the pertinent information provided by the reference.

CP-15329, Data Quality Objectives Summary
Report for Establishing a RCRA/CERCLA/
AEA Integrated 200 West and 200 East Area
Groundwater Monitoring Network

Table 1-3. Existing References. (4 Pages)

Includes historical operations information for wastes sites in the
200-P0O-1 Groundwater QU as well as a detailed consideration
of COPCs.

DOE/RL-92-19, 200 East Groundwater
Aggregate Area Management Study Report

Presents an extensive compilation of 200 East Area waste sites
and inventories of chemical and radiological waste for individual
sites, including an analysis of which sites are likely to have
contributed to groundwater contamination.

DOE/RL-92-04, PUREX Plant Source
Aggregate Area Management Study Report

Presents an extensive compilation of the Plutonium-Uranium
Extraction Plant Area waste sites and inventories of chemical
and radiological waste for individual sites, including an analysis
of which sites are likely to have contributed to groundwater
contamination.

DOE/RL-95-100, RCRA Facility
Investigation Report for the 200-PO-1
Operable Unit

Summarizes the RCRA site monitoring in the 200-PO-1
Groundwater OU, the extent of groundwater contamination, and
the hydrogeology and geology of the 200-PO-1 Groundwater
ou.

DOE/RL-96-66, RCRA Facility Corrective
Measures Study for the 200-P0O-1 Operable
Unit

Following on DOE/RL-95-100, this 1997 study presents the
results of groundwater contaminant transport modeling and risk
assessment, and examines remedial alternatives.

DOE/RL-2003-04, Sampling and Analysis
Plan for the 200-PO-1 Groundwater
Operable Unit

Describes the existing monitor well network, including aguifer
tubes along the Columbia River shore, and presents the sampling
schedule,

DOE/RL-2005-01, Initial Single-Shell Tank
System Performance Assessment for the
Hanford Site

Presents an initial analysis of the long-term impacts of residual
wastes assumed to remain after retrieval of tank wastes and
closure of the single-shell tank farms at the Hanford Site.

DOE/ELS-0189, Final Environmental Impact
Statement for the Tank Waste Remediation
System, Hanford Site, Richland, Washington

Presents an analysis of the impacts and risk of tank waste
remediation alternatives. Includes site history, waste volumes,
and modeled groundwater contamination migration over time for
each alternative.

DOE/EIS-0222-F, Final Hanford
Comprehensive Land-Use Plan
Environmental Impact Staterment

Presents an analysis of the impacts of Hanford Site operations
and presents alternatives for Hanford Site land use. Includes site
history and presents groundwater contamination migration
projections at the Hanford Site for tritium, iodine, chromium,
strontium. EPA et al., 1999, Record of Decision: Final Hanford
Comprehensive Land-Use Plan Environmental Impact
Statement, was issued for the preferred land use alternative.

PNNL-12261, Revised Hydrogeology for the
Suprabasalt Aquifer System, 200-East Area
and Vicinity, Hanford Site, Washington

Provides a refined conceptual model of the hydrogeologic
framework of the 200 East Area and vicinity, and addresses
probable preferential flowpaths from the 200 East Area to the
Columbia River.
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PNNL-14049, Data Quality Objectives
Summary Report — Designing a Groundwater
Monitoring Network for the 200-BP-5 and
200-PO-1 Operable Units

Table 1-3. Existing References. (4 Pages)

Provides an operational history for 200-PO-1 Groundwater QU
wastes sites, a discussion of COPCs, and a decision matrix in
accordance with the DQO process.

PNNL-16346, Hanford Site Groundwater
Monitoring for Fiscal Year 2006

Summarizes the results of groundwater sampling and analysis in
the 200-PO-1 Groundwater QU for fiscal year 2006, with
particular emphasis on the major contaminant plumes. Includes
groundwater elevations.

Stoller Log Data Reports

Present geophysical logs showing the vertical extent of vadose
zone radiological contamination at various waste sites in the
200 East Area, including sites in the 200-PW-2, 200-PW-3,
200-MW-1, and 200-CS-1.

DOE/RL-99-66, Steam Condensate/Cooling
Water Waste Group Operable Units RI/FS
Work Plan; Includes: 200-CW-35, 200-CHW-2,
200-CW-4, and 200-SC-1 Operable Units

Data are presented for 200-SC-1 OU sites as well as for
200-CW-2, 200-CW-4, and 200-CW-5.

DOE/RL-99-07, 200-CW-1 Operable Unit
RI/FS Work Plan and 216-B-3 RCRA TSD
Unit Sampling Plan

Data are presented on COPCs from 200-CW-1.

DOE/RL 2001, 200-PW-2 Uranium Rich
Process Waste Group Operable Unit RI/FS
Work Plan and Process Waste RCRA TSD
Unit Sampling Plan

Data are presented on COPCs within 200-PW-2 and 200-PW-4,

DOE/RL-2001-01, Plutonium/Organic-Rich
Process Condensate/Process Waste Group
Operable Unit RI/FS Work Plan, Includes:
200-PW-1, 200-PW-3, and 200-PW-6
Operable Units

Data are presented on COPCs within 200-PW-1, 200-PW-3, and
200-PW-6.

DOEMRL-2001-66, Chemical Laboratory
Waste Group Operable Units RI/FS Work
Plan, Includes: 200-LW-1 and 200-LW-2
Operable Units

Data are presented on COPCs within both 200-LW-1 and
200-LW-2.

DOE/RL-2005-61, Remedial Investigation
Report for the 200-LW-1 (300 Area Chemical
Laboratory Waste Group) and 200-LW-2
(200 Area Chemical Laboratory Waste
Group) Operable Units

Data are presented on COPCs for 216-8-20 and 216-Z-7 Cribs.

DOE/RL-2005-62, Remedial Investigation
Report for the 200-MW-1 Miscellaneous
Waste Group Operable Unit

Data are presented on 200-MW-1 COPCs.

D&D-27257, Data Quality Objectives
Summary Report for Nonintrusive
Characterization of Bin 34 and Bin 3B Waste
Sites in the 200-SW-2 Operable Unit

COPCs are presented for the 200-SW-2 OU.
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D&D-28283, Sampling and Analysis
Instruction for Nonintrusive Characterization
of Bin 34 and Bin 3B Waste Sites in the
200-SW-2 Operable Unit

Data are presented for Bin 3A and Bin 3B waste sites in the
200-SW-2 OU.

DOE/RL-2005-73, Phase I Sampling and
Analysis Plan for the 200-15-1 and 200-ST-1
Operable Units

Data are presented for 200-18-1 and 200-ST-1.

DOE/RL-2004-39, 200-UR-1 Unplanned
Release Waste Group Operable Unit
Remedial Investigation/Feasibility Study
Work Plan and Engineering Evaluation/Cost
Analysis

Data are presented on 200-UR-1 COPCs.

DOE/RL-2004-66, Focused Feasibility Study
for the BC Cribs and Trenches Area Waste
Site

Data are presented on COPCs within the BC Cribs for the
216-B-26 Trench, 216-B-46 Crib, and 216-B-58 Trench.

DOE/RL-2002-11, 300-FF-5 Operable Unit
Sampling and Analysis Plan

Data are presented for 618-10 and 618-11 Burial Grounds within
the 300-FF-5 OU.

DOE/RL-95-73, Operation and Maintenance
Plan for the 300-FF-5 Operable Unit

Data are presented for 618-10 and 618-11 Burial Grounds within
the 300-FF-5 OU.

RPP-14430, Subsurface Conditions
Description of the C and A-AX Waste
Management Area

Data are presented on COPCs related to the A-AX Tank Farm.

WMP-25924, Data Quality Objectives
Summary Report for the Installation of One
Groundwater Well in the 300-FF-5 Operable

Data are presented for 618-10 and 618-11 Burial Grounds within
the 300-FF-5 OU.

Unit

US Ecology 2006, Annual Environmental
Monitoring Report for Calendar Year 2003

Includes a compliance summary and list of contaminants for the
US Ecology waste disposal facility and annual
groundwater-monitoring results.

DOE/RL-92-05, B Plant Source Aggregate
Area Management Study Report

Presents historic and background information.

DOE/RL-92-18, Semiworks Plant Source
Aggregate Area Management Study Report

Presents a compilation of the 200 East Semiworks Source Area
and inventories of chemical and radiological waste for individual
sites, including an analysis of which sites are likely to have
contributed to groundwater contamination are presented in this
document.

WMP-28945, Data Quality Objectives
Summary Report in Support of the 200-BP-5
Groundwater Operable Unit Remedial
Investigation/Feasibility Study Process

Presents data from the 200-BP-5 Groundwater OU.
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WMP-18647, Historical Site Assessment of Presents surficial contaminant data from the BC Cribs and
the Surface Radioactive Contamination of the | Trenches area.

BC Controlled Area
COPC = contaminant of potential concern.
DQOC = data quality objective.
ou = operable unit.
RCRA = Resource Conservation and Recovery Act of 1976.

1.5 SITE BACKGROUND INFORMATION

The Hanford Site, established in 1943, originally was designed, built, and operated to produce
plutonium for nuclear weapons using production reactors and chemical reprocessing plants.
During 1943 and 1944, three reactors (B, D, and F) were constructed on the Hanford Site.

In addition, three processing facilities (B, T, and U Plants) were built. After World War I1, six
more reactors were built (H, DR, C, KW, KE, and N Reactors). Beginning in the 1930s, energy
research and development, isotope use, and other activities were added to Hanford Site
operations. A gradual shutdown of the Hanford reactors began in 1964. Eight reactors were no
longer operating in 1971. The N Reactor operated through 1987 and was placed on cold standby
status in October 1989.

1.5.1 200-PO-1 Groundwater Operable Unit Lateral
Boundaries

The 200-PO-1 Groundwater OU is located in the 200 East Area of the Hanford Site as shown in
Figure 1-1. Two different boundaries are currently used for the 200-PO-1 Groundwater OU.

An ongoing investigation will define the boundaries that are applicable for future RI/FS
activities. One of the currently applied boundaries is geographically defined; the other boundary
includes a 2,000 pCi/L isopleth for a groundwater tritium plume in the southeast portion of the
200-PO-1 Groundwater QU. The associated tritium groundwater plume extends eastward and
southward from potential contaminant sources in the southern portion of the 200 East Area.
Other boundaries of the 200-PO-1 Groundwater OU are the Columbia River to the east, the
300-FF-5 QU to the south, and the 200-BP-5 Groundwater OU to the north.

The 200-PO-1 Groundwater OU is the largest groundwater OU associated with the Hanford Site,
(Figure 1-2). The 200-PO-1 Groundwater OU encompasses the southern part of the 200 East
Area and comprises a large triangle-shaped section of the Hanford Site, extending to the Hanford
Town Site to the east and the 300-FF-5 OU to the southeast. The 200-PO-1 Groundwater OU 1s
defined in part by the 2000 pCi/L contours of the tritium plume that extends from the 200 East
Area to the Columbia River. A more detailed description of the 200-PQO-1 Groundwater OU
boundary is provided in Section 4.2.
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Figure 1-2. 200-PO-1 Groundwater Operable Unit Boundaries.
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For this report, the 200-PO-1 Groundwater OU is divided into three geographic areas of concern.
The near-field region represents the source areas within and adjacent to the 200 East Area, and
the downgradient areas to the Southeast Transect. The far-field region is defined as the area of
the 200-PO-1 Groundwater QU including the Southeast Transect to the Columbia River. The
River Transect, a subset of the far-ficld region, and the River Corridor aquifer tubes represent the
final area of concern.

1.5.2 Site Background for the 200-PO-1 Operable Unit
CERCLA Sites

Numerous sources of liquid waste discharge have existed in the 200 Areas since the inception of
activities on the Hanford Site in 1945. Operations in the 200 Areas were related to the chemical
separation of plutonium from spent nuclear fuel. Operations in the Plutonium-Uranium
Extraction (PUREX) Plant, B Plant, and U Plant resulted in liquid disposal to the soil column in
the 200-PO-1 Groundwater OU area, which contaminated the underlying groundwater.

Although the source 200-PO-1 Groundwater OUs are not the focus of this study, it must be noted
that source 200-PO-1 Groundwater OUs originally were grouped geographically. In 1996, the
source 200-PO-1 Groundwater OUs were regrouped into 23 process 200-PO-1 Groundwater
OUs. Thus, the AAMSRSs provide background mformation but not the current

200-PO-1 Groundwater OU grouping. Figure 1-3 presents the location of facilities in the
200-PO-1 Groundwater OU.

1.5.2.1 PUREX Plant Aggregate Area

The PUREX Plant aggregate area contains a variety of facilities that were involved in waste
generation, transfer, treatment, storage, and/or disposal (TSD). Radiologically contaminated
processing wastes were discharged to the soil column through cribs, trenches, and other facilities.
Wastes that were not normally contaminated, but have the potential to contain radionuclides,
such as cooling and condensate water, were allowed to infiltrate the ground through ponds and
open ditches.

The PUREX Plant was constructed between 1953 and 19535, operating as a chemical separation
facility until 1972. This facility was one of the primary sources of waste and is the dominant
physical structure within the area. During operation, the PUREX process used tributyl phosphate
in normal paraffin hydrocarbon solvent to recover uranium and plutonium from irradiated fuel
rods dissolved in nitric acid solutions. Low-level PUREX waste was disposed to liquid waste
disposal units such as cribs (e.g., 216-A-36B, 216-A-10, 216-A37-1, and 216-A-45), trenches,
and french drains, while the high-level waste was diverted to tank farms. Low-activity waste and
other waste were disposed of directly to the soil in 23 cribs, 4 trenches, and 15 french drains.
Several unplanned releases are located in the vicinity of the PUREX Plant. More information is
available in the PUREX AAMSR (DOE/RL-92-04).
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Figure 1-3. 200 East Area Facilities.
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1.5.2.2 B Plant Aggregate Area

The B Plant aggregate area contains a large variety of waste disposal and storage facilities.
High-level wastes were stored in underground single-shell tanks (SST). Low-level wastes such
as cooling and condensate water were allowed to infiltrate the ground through cribs, trenches,
reverse wells, and open ponds.

The B Plant used a bismuth phosphate process to extract plutonium from dissolved irradiated
fuel rods from 1945 to 1952. From 1968 to 1985, the plant was used to recover cesium and
strontium from tank farm waste. Process cooling water and steam condensate from the B Plant
were sent to the 216-B-3 Pond system (B Pond). The B Pond system includes the B Pond and
three expansion ponds (lobes). The larger volumes of wastewater discharged to the B Pond are
known to have affected both the northward and southward groundwater flow regimes in the

200 East Area. Impacts on the 200-PO-1 Groundwater OU from B Plant activities primarily are
related to the 216-B-3 Pond system (B Ponds and Ditches). The B Pond began receiving liquid
waste in 1945, Three lobes (A, B, and C) were added in the 1980s. Significant groundwater
mounding occurred below the B Ponds resulting in alterations in groundwater flow in the

200 East Area. Groundwater mounding has receded since the 216-B-3B Lobe was deactivated in
1985. In 1994, the expansion ponds of the facility were cleaned closed, leaving only the main
pond and a portion of the 216-B-3-3 Ditch as the currently regulated facility (PNNL-15479,
Groundwater Monitoring Plan for the Hanford Site 216-B-3 Pond RCRA Facility). More
information is available in DOE/RL-92-05, B Plant Source Aggregate Area Management Study
Report (B Plant AAMSR).

1.5.2.3 U Plant Aggregate Area

Wastewater from the U Plant (in the 200 West Area) was transported to the 200 East Area
through underground pipelines. The plant used a tributyl phosphate in kerosene diluant process
to recover uranium metal from the bismuth phosphate process waste stored in the tank farms.
The aqueous portion of the waste stream was neutralized with sodium hydroxide and transferred
to the tank farm. Overflow from these tanks was disposed to various cribs in the 200 East Area
including the BC Cribs and Trenches. More information is available in DOE/RL-91-52, U Plant
Source Aggregate Area Management Study Report (U Plant AAMSR).

1.5.3 Site Background for the 200-PO-1 Groundwater
Operable Unit RCRA Treatment, Storage,
and/or Disposal Units

Included within the 200-PO-1 Groundwater OU are six RCRA TSD units including the PUREX
cribs, Waste Management Area (WMA) A-AX (SSTs), 216-A-29 Ditch, Integrated Disposal
Facility (IDF), B Pond, and the Nonradioactive Dangerous Waste Landfill (NRDWL). Two
other facilities that are not regulated under RCRA but are subject to Washington Administrative
Code requirements are the 200 Area Treated Effluent Disposal Facility (TEDF) and the Solid
Waste Landfill. Figure 1-3 shows the location of most of these facilities.
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1.5.3.1 Plutonium-Uranium Extraction Plant Cribs

The PUREX cribs are three RCRA-regulated cribs (216-A-10, 216-A-36B, and 216-A37-1)
located south and east of the PUREX Plant (see Figure 1-3). The 216-A-10 and

216-A-36B Cribs are inactive facilities that were used for disposal of liquid waste from PUREX.
Waste was directly discharged to the soil column approximately 97 m (318 ft) above the water
table. The crib was taken out of service and replaced with the 216-A-45 cnib. The

216-A-37-1 Crib is located outside the 200 East Area perimeter fence, just east of the PUREX
facility. The waste management unit is a gravel structure with a corrugated, galvamzed,
perforated pipe located horizontally 2 m (7 ft) below grade. The unit has a vent riser with a
concrete base, two gage wells with a concrete support pad, and a membrane barrier between the
gravel and the backfill. The crib operated from 1977 to 1989 and received process condensate
from the 242-A Evaporator. The RCRA PUREX cribs are located in a region where several
groundwater contamination plumes exceed drinking water standards. The similarities in effluent
constituents disposed to these cribs, as well as to the 216-A-45 Crib, make determining the
contribution of the RCRA PUREX cribs difficult (PNNL-16346).

1.5.3.2 BC Cribs

The BC Cribs are potential sources of contamination (based on Tc-99 disposal inventories),
although the limited groundwater monitoring performed to date has not indicated significant
groundwater contamination in the area. Other COPCs from the BC Cribs include chromium,
Co-60, cyanide, and uranium.

1.5.3.3 Single-Shell Treatment, Storage, and/or Disposal A-AX Tank Farm

The SST TSD A-AX Tank Farm is located in the central portion of the 200 East Area of the
Hanford Site north of PUREX. The TSD unit consists of the WMA A-AX SST Farms and
ancillary waste systems (transfer piping and diversion boxes).

The A Tank Farm consists of 15 tanks, each with a 3,780,000 L (1 million gal) capacity, that
were constructed between 1953 and 1954. These tanks are the largest of all SSTs at the Hanford
Site, and received mixtures of organic and inorganic liquids containing radionuclides, solvents,
and metals. These wastes contained high levels of fission products and chemical waste (nitrate,
chromate, aluminum, and sodium hydroxide). Beginning in 1980, the tanks no longer received
waste for disposal. Five of the SSTs in the A-AX Tank Farms are known or suspected to have
leaked.

1.5.3.4 216-A-29 Ditch

The 216-A-29 Ditch is a RCRA-regulated unit located to the east of the 200 East Area. This
ditch s an inactive facility that was used as an unlined percolation trench that received liquid
effluent from the PUREX chemical sewer line, which routed effluent to the B Pond system.
Discharges to the trench were approximately 83 to 61.5 m (272 to 202 ft) above the water table
depending on location along the ditch. The ditch system received waste from 1955-1991 when
discharges were eliminated and rerouted. Waste disposed to the ditch includes sodium

hydroxide, sulfuric acid, corrosive waste, and other hazardous wastes (¢.g., hydrazine)
(DOE/RL-95-100).
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1.5.3.5 Integrated Disposal Facility

Construction of IDF began in September 2004 and was completed in April 2006. The DOE
submitted a Part B RCRA permit application to Ecology, and it was incorporated into
WAT890008967, Hanford Facility Resource Conservation and Recovery Act Permit, Dangerous
Waste Portion, Revision 8, for the Treatment, Storage, and Disposal of Dangerous Waste, on
April 9, 2006. The IDF operation is scheduled to begin in 2010. The IDF is a RCRA-compliant
landfill (with a double-lined trench with leachate collection system) located in the south-central
portion of the 200 East Area. Sampling at the IDF well network began in 2005, with the well
network consisting of two upgradient wells and six downgradient wells. Groundwater samples
are to be analyzed for RCRA indicator parameters including pH, specific conductance, total
organic carbon, and total organic halides, and supplemental groundwater constituents including
alkalinity, anions, and inductively coupled plasma (ICP) metals (specifically filtered chromium)
(DOE/RL-2003-04).

1.5.3.6 216-B-3 Pond

The 216-B-3 Pond (B Pond) is a RCRA-regulated facility located east of the 200 East Area. The
pond consists of a main pond, three interconnected lobes (B-3-1, B-3-2, and B-3-3), and three
ditches extending east from the 200 East Area fenceline. The main pond began receiving liquid
waste in 1945, and expansion lobes were put into service in 1983, 1984, and 1985. The B Pond
system received B Plant cooling water, PUREX Plant chemical sewage and steam condensate,
242-A Evaporator cooling water and steam condensate, 283-E Water Treatment Facility filter
backwash, and 284-E Powerhouse liquid effluent. The well network includes five wells, one of
which is north of the B Pond and is in the 200-BP-5 Groundwater OU. The monitoring plan,
including the well network, COPCs, sampling and analysis procedure, and a conceptual model, is
described in PNNL-15479.

1.5.3.7 Nonradioactive Dangerous Waste Landfill

This landfill is a RCRA-regulated unit located south and east of the 200 East Area with the Solid
Waste Landfill, and is part of the Central Landfill. The NRDWL is an inactive dangerous waste
landfill that recetved nonradioactive dangerous waste from 1975 to 1985, but continued to
receive asbestos waste until 1988. Groundwater monitoring has been ongoing since 1986. The
well network includes nine wells. The groundwater samples are analyzed for anions, ICP metals,
phenols, volatile organic compounds (VOC), and the four RCRA indicator parameters.

1.5.4 Site Background for Washington Administrative
Code Permitted Facilities

1.5.4.1 Treated Effluent Disposal Facility

The 200 Area TEDF is located southeast of the B Pond RCRA facility and has received effluent
since June 1995. The well network consists of nine wells sampled quarterly for constituents
specified in WAC 173-304-490(2)(d), “Minimum Functional Standards for Solid Waste
Handling,” “Groundwater Monitoring Requirements,” “Groundwater Monitoring Requirements,’
“Sample Constituents,” including anions, coliform bacteria, chemical oxygen demand, filtered

b
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ICP metals, pH, specific conductance, temperature, and total organic carbon. In addition, the
wells are sampled for site-specific constituents including VOCs and filtered arsenic.

1.5.4.2 Solid Waste Landfill

The Solid Waste Landfill is regulated by Ecology. The well network consists of nine wells
sampled quarterly for constituents specified in WAC 173-304-490(2)(d) including anions,
coliform bacteria, chemical oxygen demand, filtered ICP metals, pH, specific conductance,
temperature, and total organic carbon. In addition, the wells are sampled for site-specific
constituents including VOCs and filtered arsenic.

1.5.5 Regulatory Background for the
200-PO-1 Groundwater Operable Unit

In June 1993, a Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement)
(Ecology et a., 1989) change request (C-93-06) was approved to redesignate the 200 East

Area OUs from combined source and groundwater OUs, to groundwater-only OUs. The
change was based on recommendations provided in the AAMSRs for the 200 East Area,
200-BP-5 Groundwater OU, and 200-PO-1 Groundwater OU. The AAMSRs supported the
decision-making process presented in DOE/RL-91-40, Hanford Past-Practice Strategy. The
change request designated Ecology as the Lead Regulatory Agency, and stated that groundwater
would be addressed as a CERCLA past practice (CPP) unit. Submittal of an RI/FS Work Plan
for 200-PO-1 Groundwater QU as a groundwater-only unit was not scheduled as part of this
1993 change request.

Milestone M-013-94-03 (May 1995) provided for the implementation of the 1994 Refocusing
Negotiations and modified M-013 milestones for completion of the 200 Area National Priorities
List pre-record of decision (ROD). The milestone also established Milestone M-03-10 for
submittal of the 200-PO-1 Groundwater OU RCRA Facility Investigation/Corrective Measures
Study (RFI/CMS) Work Plan (DOE/R1.-96-66) by October 31, 1995; changed the

200-PO-1 Groundwater OU unit category from CERCLA past practice to “RCRA past-practice”;
and kept Ecology as the designated Lead Regulatory Agency.

In July 19935, Milestone M-013-95-01 changed milestone M-013-10 to “Submit the
200-PO-1 OU RFI/CMS Work Plan™ and added the following three new M-015 milestones,
which were completed as scheduled.

e M-015-25, Submit 200-PO-1 Phase Il RCRA RFI Report by December 31, 1995
o  M-015-25A, Submit 200-PO-1 CMS by July 31, 1996
o  M-015-25-B, Submit 200-PO-1 Permit Modification by August 30, 1996.
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The following RFI/CMS documents were completed for the new M-015 milestones:

DOE/RL-95-100, RCRA Fuacility Investigation Report for the 200-PO-1 Operable Unit
DOE/RL-96-59, 200-PO-1 Permit Modification

DOE/RL-96-66, RCRA Facility Corrective Measures Study for the 200-PO-1 Operable
Unit, Draft A.

The following documents also were completed:

PNNL-14049, Data Quality Objectives Summary Report — Designing a Groundwater
Monitoring Network for the 200-BP-5 and 200-PO-1 Operable Units

CP-15329, Data Quality Objectives Summary Report for Establishing a
RCRA/CERCLA/AEA Integrated 200 West and 200 East Area Groundwater Monitoring
Network

DOE/RL-2003-04, Sampling and Analysis Plan for the 200-PO-1 Groundwater Operable
Unit.

The following are milestone changes agreed upon by the Tri-Parties (DOE, EPA, and Ecology).

In February 1995, the Hanford Advisory Board endorsed the Hanford Site groundwater
remediation strategy (HAB 40, “Hanford Site Wide Ground Water Remediation
Strategy” [HAB Advice #40]).

M-15-02-01 calls for modification of the Tri-Party Agreement Milestone Series M-015 in
accordance with the Ecology et al., 2002, Modify Tri-Party Agreement Milestone Series
M-015 in Accordance with the Central Plateau Agreement In Principle, Tri-Party
Agreement Change Request, M-015-02-01, and provides for consolidation of existing
Tri-Party Agreement milestones/target dates. Milestone M-015C calls for the completion
of all 200 Area non-tank farm pre-ROD site investigations under approved work plan
schedules by December 31, 2008.

M-13-06-01 established six new Tri-Party Agreement M-013 Series Interim Milestone
dates for submittal of work plans in support of CERCLA and RCRA processes for
200 Area OUs and established a new M-13-10A milestone for the

200-PO-1 Groundwater OU.

M-013-10A calls for the submission of the 200-PO-1 Groundwater OU RI/FS Work Plan
(DOE/RIL-2007-31, Remedial Investigation/Feasibility Study Work Plan for the
200-PO-1 Groundwater Operable Unit) to Ecology by September 30, 2007.

M-15-06-02 calls for the modification of Tri-Party Agreement commitments to complete

the RI/FS or RFI/CMS process for all OUs, and extends the 200 Area non-tank farm
investigations to December 31, 2011.
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This DQO supports the Characterization SAP (DOE/RL-2007-30) and the 200-PO-1
Groundwater OU Work Plan (DOE/RL-2007-31) to fulfill milestone M-013-10A.

1.6 DATA QUALITY OBJECTIVE TEAM
MEMBERS AND KEY DECISION MAKERS

Table 1-4 lists DQO team members and key decision makers from the DOE, EPA, and Ecology,
identifying their organization and their roles and responsibilities. DQO team members were
carefully selected to participate in the seven-step DQO process based on their background and
technical expertise to meet specific task objectives.

Table 1-4. Data Quality Objective Team Member and Key Decision Makers

Gloria Cummins FH S&GRP 200-PO-1 Task Lead
Jon Lindberg PNNL 200-PO-1 Geologist
Greg Thomas FH S&GRP 200-BP-5 Task Lead
Susan Narbotovskih PNNL A-AX Tank Farm Geologist
Fred Mann CHI Tank Farms Geologist
John Roberts Ecology Senior Chemist
Beth Rochette Ecology Risk Assessor/Chemist
Dib Goswamai Ecology Regulatory and Technical Review
Craig Cameron EPA EPA Perspective
John Morse RL Assistant Manager Central Platean
Bob Lober ORP Tank Farms Programs & Projects
Mitzi Miller EQM, Inc. Senior DQO Specialist, Chemist, Senior COPC Advisor
Wanda Elliott EQM, Inc. COPC Evaluation
John Price Ecology Final decisions related to the sampling approach
Zelma Maine-Jackson Ecology Final decisions related to the sampling approach
Joe Caggiano Ecology Final decisions related to the sampling approach
Jeanne Vanni Ecology Final decisions related to the sampling approach
Rod Lobos EPA Final decisions related to the sampling approach
Doug Hildebrand RL Final decisions related to the sampling appreach
CHI = CH2M HILL Hanford, Inc. FH S&GRP = Fluor Hanford Soil & Groundwater
COPC = contaminant of potential concern. Remediation Project.
DQO = data quality objective. ORP = U.S. Department of Energy, Office of
Ecology = Washington State Department of River Protection,
Ecology. PNNL = Pacific Northwest National Laboratory.
EPA = .S, Environmental Protection Agency. RL = LS. Department of Energy, Richland

Operations Office.
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1.7 PROJECT BUDGET AND CONTRACT
STATUS

Table 1-5 shows the budget for all of the task activities associated with development and
implementation of the sampling program, laboratory analyses, data quality assessment, and
evaluation and reporting of investigation results and identifies the contract status for activities

that need to be subcontracted.

Table 1-5. Task Activity Budget and Contract Status.

Data quality objective sury report $37,000 In place

Work plarysampling and analysis plan $72,000 In progress

Field sampling implementation $25,000 In place

Laboratory analyses $160,000 In place

Data quality assessment $5,000 Part of remedial investigation/feasibility study
Investigation results evaluation and reporting $10,000 Part of remedial investigation/feasibility study

1.8 ACTIVITY DATES

Table 1-6 shows the task activities associated with development and implementation of the
RI/FS sampling program, laboratory analyses, data quality assessment, and evaluation and
reporting of investigation results, along with their dates of activity.

Table 1-6. Task and Activity Dates.

il SR 1 L

Data quality objective summary report Je 30, 2007

Remedial investigation/feasibility study work plan September 30, 2007 (Milestone M-013-10A)
Phase 1 ficld investigation activities October 1, 2007, through December 31, 2008
Laboratory analyses January 1, 2008, through December 31, 2008
Data quality assessment October 1, 2008, through April 20, 2009
Phase 2 field investigation activities January 1, 2009, through December 31, 2009
Laboratory analyses January 1, 2009, through December 31, 2009
Data quality assessment October 1, 2009, through April 30, 2010

1.9 CONTAMINANTS OF POTENTIAL
CONCERN EVALUATION

The COPC evaluation for the 200-PO-1 Groundwater OU was conducted in two steps. This
DQO process references COPCs from existing documentation and from routine monitoring, and
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presents these contaminants in comprehensive lists. Process history of the source OUs and more
than 300,000 results from groundwater analyses were used in the evaluation.

Step 1 examined existing references for any constituents that were known or believed to be used
at the facilities within the 200-PO-1 Groundwater QU. Six documents provided the bulk of
COPCs and are listed in Section 1.9.1. In addition, various documents provided data on the
200-BP-5 Groundwater OU, Tank Farms, and the BC Cribs and are presented m Appendix A.
Each of the historic process documents presents nonradioactive and radioactive constituents. In
addition, constituents from routine monitoring were included in the initial list of COPCs. A total
of 339 contaminants were identified in Step 1.

The second step in the COPC evaluation included querying the Hanford Environmental
Information System (HEIS) database and evaluating the analytical data from sampling activities
in monitoring wells within the 200-PO-1 Groundwater OU. Data were downloaded for

189 wells within the 200-P0O-1 Groundwater OU from November 1, 1988, to November 1, 2006.
The HEIS data allowed for an evaluation of the levels of current groundwater contamination and
evaluated the concentrations of COPCs as a function of time and location. The resulting data
included information on the following types of constituents: metals, non-metals, ions, water
quality parameters, polychlorinated biphenyls (PCB), pesticides, radiological, semivolatile
organic compounds (SVOC), and VOCs. The results of each constituent were evaluated by
comparing individual contaminant results to selected preliminary remediation goals (PRG) that
are explained in detail in Appendix E of the 200-PO-1 Groundwater OU Work Plan
(DOE/RL-2007-31). Appendix B lists the selected wells and the sampling and analyses to be
performed for characterization of the 200-PO-1 Groundwater OU.

1.9.1 Step 1 of Contaminants of Potential Concern
Evaluation

All references to documents in this section can be found in Appendix A. Step 1 examined
existing references for any constituents that were known or believed to be used within processes
at or within the general areas of the 200-PO-1 Groundwater OU. Six documents provided the
bulk of COPCs, while 19 others provided ancillary constituents. The majority of the historical
information regarding COPCs was located in the following historic process documents:

« DOE/RL-92-04, PUREX Plant Source Aggregate Area Management Study Report

e DOE/RL-92-19, 200 East Groundwater Aggregate Area Management Study Report

» DOE/RL-95-100, RCRA Facility Investigation Report for the 200-PO-1 Operable Unit
« DOE/RL-96-59, 200-PO-1 Permit Modification

»  DOE/RL-96-66, RCRA Facility Corrective Measures Study for the 200-PO-1 Operable
Unit

« DOE/RL-99-07, 200-CW-1 Operable Unit RI/FS Work Plan and 216-B-3 RCRA TSD
Unit Sampling Plan.
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A total of 25 documents were examined during Phase L. In addition, various documents listed
below provide data on the 200-BP-5 Groundwater OU, tank farms, and the BC Cribs. Each of
the historic process documents presents nonradioactive and radioactive constituents. In addition,
constituents from routine monitoring were included in the mitial list of COPCs.

o DOE/RL-2004-66, Focused Feasibility Study for the BC Cribs and Trenches Area Waste
Site

o WMP-28945, Data Quality Objectives Summary Report in Support of the
200-BP-5 Groundwater Operable Unit Remedial Investigation/Feasibility Study Process

e RPP-14430, Subsurface Conditions Description of the C and A-AX Waste Management
Area

o RPP-23748, Geology, Hydrology, Geochemistry, and Mineralogy Data Package for the
Single-Shell Tank Waste Management Areas at the Hanford Site.

1.9.2 Routinely Monitored Contaminants of Potential Concern

Bands of guard wells, chosen from the existing monitoring network of the 200-PO-1
Groundwater OU, were previously established. These wells were sampled annually (at a
minimum) and were used to detect and monitor plumes emanating from primary 200 Area source
waste sites in the 200-PO-1 Groundwater OU. Table C-1 of Appendix C presents the analyses to
be performed on samples collected from individual wells in the routine groundwater-monitoring
well network, and the frequency at which samples will be collected for analytical testing. One
band, the Southeast Transect, is located to the south and east of the 200 East Area and detects
contamination moving downgradient into the southern and eastern parts of the Hanford Site
(PNNL-16346). A second band, the River Transect, is positioned along the Columbia River at
the eastern edge of the Hanford Site to monitor contaminant transport to the Columbia River.

For this report, the 200-PO-1 Groundwater OU is divided into three geographic areas of concern.
The first area, or near-field region, represents the source areas within and adjacent to the

200 East Area, and the downgradient areas extending to the Southeast Transect. The second
area, or far-field region, is defined as the area of the 200-PO-1 Groundwater OU including the
Southeast Transect and extending to the Columbia River. The River Transect and River Corridor
aquifer tubes, both of which are subsets of the far-field region, represent the final area of concern
(see Figure 1-4).

Currently, the far-field groundwater contaminants are tritium, 1-129, and nitrate. Concentrations
of nitrate that exceed the 45 mg/L drinking water standard as nitrate or 10 mg/L as nitrogen in
nitrate, and of I-129 that exceed the minimum required detection level, are within the 2000 pCi/L
tritium boundary isopleths (PNNI.-16346). Near-field monitoring is associated primarily with
TSD facilities, but includes the BC Cribs. Tables D-1 through D-6 of Appendix D present the
monitoring constituents in the six RCRA TSD units. The near-field contaminant plumes are
generally localized and of limited area. Figure 1-4 presents the near field, far field, Southeast
Transect, and River Transect areas of concern.
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Figure 1-4. Location of Near Field, Far Field, Southeast Transect, and River
Transect Areas of Concern.
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Table 1-7 represents a list of groundwater COPCs generated and the geographic area that they
represent for the 200-PO-1 Groundwater QU to fulfill the routine monitoring requirements for
the combined RCRA, CERCLA, and Atomic Energy Act of 1954 groundwater-monttoring
network (CP-15329).

Table 1-7. Routinely Monitored Constituents in 200-PO-1 Groundwater
Operable Unit. (2 Pages)

Alkalinity X
Anions X X
Arsenic X X X
Chromium

Cyanide X X
Gross alpha X X X
Gross beta X X X
Gross gamma X X
Hexavalent chromium X X
Inductively coupled plasma

metals X

Iodine-129 X X

Lead X X
Manganese X

Mercury X X
Metals X

Nitrate X X

Phenols X
Specific conductance X X

Strontium-90 X X X
Technetium-99 X X X
Temperature X X

Total dissolved solids X
Total organic carbon X X
Total organic halides X X
Tritium X X X
Turbidity X X

Uranium X X
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Table 1-7. Routinely Monitored Constituents in 200-PO-1 Groundwater
Operable Unit. (2 Pages)

Vanadium X

Volatile organic analyte X X

* Routinely sampled analytes and parameters for near-field wells.

® Routinely sampled analytes and parameters for far-field wells.

° Routinely sampled analytes and parameters for supplementary wells. Supplementary wells are monitored under
menitoring plans other than DOE/RL-2003-04, Sampling and Analysis Plan for the 200-PO-1 Groundwater Operable
Unit, such as Resource Conservation and Recovery Act of 1976 and Washington Administrative Code permit plans,

Tables 1-8 and 1-9 present the 339 nonradiological and radiological COPCs that were identified
in Step 1.

Table 1-8. Initial Comprehensive List of Nonradiological Contaminants of Potential Concern
in 200-PO-1 Groundwater Operable Unit. (3 Pages)

Aluminum Ammonia 2,3,4,6-Tetrachlorophenol
Aluminum nitrate monobasic Ammonium carbonate 2.4-Dichlorophenol
Aluminum nitrate nonahydrate Ammonium fluoride 2.4-Dichlorophenoxyacetic acid 2,4-D
Antimony Ammonium ion 2.4-Dimethylphenol
Arsenic Ammonium nitrate 2.4-Dinitrophenol

Barium Hydrazine 2.4-dinitrotoluene
Beryllium Hydrobromic acid 2-methylphenol (o-cresol)
Bismuth Hydrochloric acid 2-Nitrophenol

Bismuth phosphate Hydrofluoric acid Dinoseb 2-sec Butyl-4,6-dinitrophenol
Boron Hydrogen peroxide 3-Methylphenol

Cadmium Hydroxylamine hydrochloride 4-methylphenol (p-cresol)
Cadmium nitrate Hydroxylamine nitrate Benzo [a] anthracene

Ceric fluoride Nitric acid Benzo [a] pyrene

Ceric sulfate Periodic acid Benzo[b] fluoranthene
Cerium Phosphoric acid Benzo [k] fluoranthene
Chromium Phosphorus Bis (2-ethylhexyl) phthalate
Cobalt Phosphorus pentoxide Butylated hydroxy toluene
Copper Sodiurmn bisulfate Chlorobenzene

Ferric nitrate Sodium bromate Chrysene

Ferrocyanide Sodium carbonate Dibenzo [a,h] anthracene
Ferrous sulfamate Sodium dichromate Dibutyl butyl phosphonate
Ferrous sulfate Sodium ferrocyanide Dibutyl phosphate

Gold Sodium fluoride Diethylphthalate
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Table 1-8. Initial Comprehensive List of Nonradiological Contaminants of Potential Concern
in 200-PO-1 Groundwater Operable Unit. (3 Pages)

Hexavalent chromium

Sodium hydroxide

Di-n-Butylphthalate

Iron Sodium nitrate Hydroxyacetic acid
Lanthanum Sodium nitrite Indeno [1,2,3-cd] pyrene
Lanthanum fluoride Sodium sulfate Monobutyl phosphate
Lanthanum hydroxide Sodium thiosulfate Naphthylamine

Lanthanum nitrate

Sulfamic acid

n-butyl benzene

Lead Sulfuric acid N-Nitrosodiphenylamine
Lead nitrate Thiccyanate Polychlorodibenzodioxin
Lithium at s Polychlorodibenzofuran
Magnesium 1,1,1-Trichloroethane Tetrachlorophenol
Manganese 1,1,2,2-Tetrachloroethane Thenoyltrifluorcacetone
Mercury 1,1-Dichlorethane Tributyl phosphate
Trichlorophenol

Mercuric nitrate

1,2-Dichlorobenzene

1,2-Dichloroethane

Molybdenum Tri-n-dodecylamine

Nickel 1,3-Dichlorobenzene Tris-2-chloroethyl phosphate
Nickel nitrate 1,4-Dichlorobenzene % - Hydrocarbo)
Potassium 1-Butanol, butyl alcohol Decane

Potassium fluoride 1-Butynol Diesel fuel

Potassium hydroxide 2-Butanone Dodecane

Potassium oxalate

2-Chlorophenol

Hydraulic fluids (greases)

Potassium permanganate 2-Hexanone Kerosene
Radium 2-Propanel (Isopropyl alcohol) Lard oil
Selenium 4-Chloro 3-methylphenol Paint thinner

Selenium tetroxide

4-Methyl-2-Pentanone {Hexone)

Paraffin hydrocarbons NPH

Silicon Acetone Shell E-2342 (naphthalene and
Silicon trioxide Acetonitrile Soltrol-170 (purified kerosene
Silver Benzene o ' “
Silver nitrate Bromodichloromethane 2,4,5-TP Silvex

Sodinm Carbon disulfide 4.4'-DDD

Strontinm Carbon tetrachloride 4.4-DDE

Thallium Chloroform 4.4-DDT

Tin cis-1,2-Dichloroethylene Aldrin

Titanium Cyclohexane Alpha BHC

Tungsten Cyclohexanone Delta- BHC

Tungsten tetroxide Dibromochloromethane Dieldrin

Uranium Diethyl ether Dimethoate

Vanadium Ethanol Endosulfan suifate

1-30




SGW-34011 REV 0

Table 1-8. Initial Comprehensive List of Nonradiological Contaminants of Potential Concern
in 200-PO-1 Groundwater Operable Unit. (3 Pages)

Zinc Ethylbenzene Endrin
Zirconium Ethylene glycol Endrin aldehyde
Zirconium oxide Ethyl cyanide Heptachtor
Zircony! phosphate Formaldehyde Heptachlor epoxide
4 Hexane Lindane (Gamma BHC)
Aroclor-1254 Methy! chloride Methoxychlor
Aroclor-1260 Methylene chloride Phorate
Polychlorinated biphenyls Naphthalene Toxaphene

Pentachlorophenol o

Phenol Bromide

Phenols Chloride
EDTA Pyrene Cyanide
Glycolate (Hydroxyacetic acid) Tetrachloroethene Fluoride
HEDTA Hydroxide

Tetrahydrofuran

Nitrate

Oxalic acid Toluene
Tartaric acid trans-1,2-Dichloroethylene Nitrite

| Trichloroethane Oxalate
Alkalinity Trichloroethene Perchlorate
Coliform bacteria Trichloromonofluoromethane Phosphate
pH Vinyl chloride Sulfate
Specific conductance Xylene Sulfide

Temperature

Total organic carbon

Turbidity

Aroclor is an expired trademark.

Soltrol is a trademark of Chevron Phillips Chemical Company LP, The Woodlands, Texas.

Table 1-9. Initial Comprehensive List of Radiological Contaminants of Potential
Concern in 200-PO-1 Groundwater Operable Unit. (2 Pages)

Actinium-225 Gamma scan* Radium-228
Actinium-227 Gross alpha* Radon-220
Americium-241 Gross beta* Radon-222
\Americium-242 Todine-129 Rhodium-106
[Americium-242m Iodine-131 Ruthenium-101
lAmericium-243 Lead-209 Ruthenium-103
Antimony-125 Lead-210 Ruthenium-106
Antimony-126 Lead-211 Samarium-151
\Antimony-126m Lead-212 Selenium-79
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Table 1-9. Initial Comprehensive List of Radiological Contaminants of Potential
Concern in 200-PO-1 Groundwater Operable Unit. (2 Pages)

IAstatine-217 Lead-214 Strontium-90
Barium-137m Manganese-54 Technetium-99
Beryllium-7 Neptunium-237 Thallium-207
Bismuth-210 Neptunium-239 Thallium-208
Bismuth-211 Nickel-63 Thorium-227
Bismuth-212 Nickel-64 Thorium-229
Bismuth-213 Palladium-107 Thorium-230
Bismuth-214 Plutonium-238 Thorium-231
Carbon-14 Plutonium-239/240 Thorium 232
Cerium/Praseodymium-144 Plutonium-241 Thorium-233
Cesium-134 Polonium-210 Thorium-234
Cesium-135 Polonium-213 Tin-113
Cesiun-137 Polonium-214 Tin-126
IChlorine-36 Polonium-215 Tritium
Cobalt-58 Polonium-218 Uranium-233
Cobalt-60 Potassium-40 Uranium-234
Curium-242 Promethium-147 Uranium-235
Curium-244 Protactinium-231 Uranium-238
Curium-245 Protactinium-233 Yttrinm-90
Europium-152 Protactinium-234 Zinc-65
Europium-154 Radium-223 Zirconium-93
Europium-155 Radium-224 Zirconium/Niobium-95
[Francium-221 Radium-225

Francium-223 Radium-226

*Represents survey parameters.

1.9.3 Step 2 of Contaminants of Potential Concern
Evaluation

To examine the levels of current groundwater contamination and evaluate the concentrations of
COPCs as a function of time and location, the HEIS database was querted. Contaminant
analyses were downloaded for 189 wells within the 200-PO-1 Groundwater OU from
November 1, 1988, to November 1, 2006. The resulting data included information on the
following types of constituents: metals, non-metals, ions, water-quality parameters, PCBs,
pesticides, radiological, SVOCs, and VOCs.

The results for each constituent were evaluated by comparing individual contaminant results
(from actual data for existing wells) to a selected PRG. The logic for deriving these limits is
explained below. In addition, applicable Hanford Site groundwater background concentrations
were compiled from DOE/RL-92-23, Hanford Site Groundwater Background. The background
values in the report for metals, non-metals, and total alpha/beta were compiled from the
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evaluation of data and information pertaining to the natural composition of groundwater in the
unconfined aquifer system beneath the Hanford Site. Provisional background threshold levels
were estimated from the data presented in the report. Background concentrations were available
for many of the inorganic and radionuclide constituents, but not for organic constituents.

If a background concentration for any COPC was not available, the background was assumed to
be zero.

Screening values were extracted for all constituents (when available) from the following sources:
the Cleanup Levels & Risk Calculations (CLARC) database (Ecology 2005) for carcinogen and
non-carcinogen values; primary and secondary MCLs from EPA’s National Drinking Water
Standards; PRGs defined in DOE/RL-96-17, Remedial Design Report/Remedial Action Work
Plan for the 100 Area; and background levels from DOE/RL-92-23. If the background value
was higher than any PRG available, the background value was used.

Table E-1 of the 200-PO-1 Groundwater OU Work Plan (DOE/RL-2007-31) lists the COPCs
found in the HEIS database, as well as any applicable PRGs, derived from the EPA MCL

(40 CFR 141, “National Primary Drinking Water Regulations™} or the limit stated in

WAC 173-340-720(4), “Ground Water Cleanup Standards,” “Method B Cleanup Levels for
Potable Ground Water”; any applicable background information also is included. Assumed
initial PRGs in Table E-1 were based on the more stringent MCLs and WAC 173-340 values.
The MCL levels were obtained from EPA’s drinking water standards, as published on EPA’s
Web site (http://www.epa.gov/ safewater/mcl.html) in August 2003. If MCL data did not exist,
WAC 173-340-720(4) carcinogen formula values (preferred) or noncarcinogenic formula values
were selected. The WAC 173-340-720(4) data were obtained from the CLARC database
(Ecology 2005).

Current MCLs for radionuclides are set at 4 mrem/yr for the sum of the doses from beta particles
and photon emitters, and 15 pCi/L for total alpha particle activity (including Ra-226, but
excluding uranium and radon). The MCLs for Sr-90 and tritium are 8 pCi/I. and 20,000 pCi/L,
respectively. The MCL for total uranium is 30 pg/L. (40 CFR 141.66, “National Primary
Drinking Water Regulations,” “Maximum Contaminant Levels for Radionuclides™). The current
MCLs for beta emitters specify that the MCLs are to be calculated based on an annual dose
equivalent of 4 mrem to the total body or any internal organ. It is further specified

(40 CFR 141.66) that the calculation is to be performed on the basis of a 2 L/day (0.5 gal)
drinking water intake using the 168-hour data listed in NBS Handbook 69, Maximum
Permissible Body Burdens and Maximum Permissible Concentrations of Radionuclides in Air or
Water for Occupational Exposure. In addition, PRGs defined in DOE/RL-96-17 were used
when appropriate and are noted in Appendix E, Table E-1 of the 200-PO-1 Groundwater OU
Work Plan (DOE/RI-2007-31).

1.9.4 Contaminant Inclusion/Exclusion Evaluation
Process

The logic for inclusion/exclusion of nonradiological and radiological constituents within the
Characterization SAP (DOE/RL-2007-30) is presented below. The logic presented does not
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reflect on constituents in the Monitoring SAP (DOE/RL-2003-04), but only those in the
Characterization SAP.

The following logic was initially applied for nonradiological COPCs:

+ The compounds/etements/anions listed were examined in the CLARC database
(Ecology 2005), the Integrated Risk Information System (IRIS) database (maintained by
EPA), and the Agency for Toxic Substances and Disease Registry (ATSDR) database.
Both carcinogenic and toxic constituents are listed. If any database indicated that the
constituent was neither carcinogenic nor toxic, then it was not included as a COPC.

o Parameters that are not specific compounds and provide no specific risk information
(e.g., pH or total organic carbon [TOC]) were excluded from the formal CERCLA COPC
list. However, in some cases, these analyses will be performed on selected wells to assist
in modeling.

o If the constituent has a set PRG from the following, it was included as a COPC: primary
or secondary MCL for drinking water specified by Ecology or EPA; cleanup levels for
groundwater as determined by the WAC 173-340-720(4) standard formula for
noncarcinogenic risks; cleanup levels for groundwater as determined by the
WAC 173-340-720(4) standard formula for carcinogenic risks; the groundwater
background threshold value, as listed in DOE/RL-92-23, Table 5-9; and the PRGs as
defined in DOE/RL-96-17.

For the radiological COPCs, any radionuclide on the list with a half-life of less than 2 years was
not included. Similarly, natural short-lived daughter products of other radionuclides in the list
(e.g., uranium or radium) were discarded because the daughters are considered in any calculation
of dose from the parent isotopes.

For the remaining constituents, the analytical results from all 200-PO-1 Groundwater OU
analyses in the HEIS database were compared for all COPCs with PRGs. If any detected result
for a constituent exceeded the set PR@, it was retained as a COPC, unless the following
occurred:

¢ The analytical result was flagged with a “P” or “Q” (flags represent that during data
validation, the reviewer believed that there was a potential problem with the data or the
associated quality control data), and subsequent analyses were consistently below PRGs.
The “P” may reflect that the reviewer believed that a problem may have existed with the
collection/analysis circumstances that makes the value questionable. The “Q” may
reflect that the reviewer found that the associated quality control value was out of limits.

« Subsequent analyses of the well(s) that had exceedances for the particular constituent
show results consistently below the PRG.

A total of 596 COPCs were addressed from Steps 1 and 2. Only 235 COPCs had PRGs and were
formally evaluated. The results for the 235 constituents were compared against the PRGs. Any
result for a constituent that had a detected exceedance above the PRG was included on the
candidate list of COPCs. Of the 235 with PRGs, 179 did not have any detects that exceeded
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PRGs, and were thus excluded from further consideration. Of the rematning 56 COPCs, 12 were
excluded due to questionable analytical results or chemical properties and had subsequent
analyses that consistently were below the PRGs. Hydrazine and phosphorus were removed from
further consideration. Hydrazine is very reactive in water and should disassociate, and
phosphorus is evaluated as phosphate. Table 1-10 shows these 12 constituents and the reasons
for exclusion.

Table 1-10. Analytes Excluded.

T

S
Analytical results were reported as questionable, or

4.4.DDT, Aldrin, Dinoseb, Endrin, Lindane, Barium,

suspect based on quality control issues and illogical Beryllium, Silver, Aniline

results.

Only one or few detects exceeded in one or more wells, | 4,4'-DDT, Aldrin, Dinoseb, Endrin, Lindane, Barium,
and subsequent results from the same well or wells Beryllium, Silver, 2,4-Dichlorophenol, Aniline

show that values are below set preliminary remediation

goals.

Compound reactive in water, not expected to persist. Hydrazine

Evaluated as phosphate; see Appendix E, Table E-1. Phosphorus

Note that the entire database and COPC evaluation details will be published in the forthcoming
200-PO-1 Groundwater OU Work Plan (DOE/RL-2007-31). Because of the size of the
information, it is not presented in both the DQO and the Work Plan; however, Appendix E,
Table E-1 of this DQO summary report presents the summary details of the COPC
inclusion/exclusion process.

1.9.5 Proposed List of Contaminants of Potential
Concern in the 200-PO-1 Groundwater
Operable Unit

The conclusion of the formal evaluation process culminated in 44 analytes being kept on a list as
potential COPCs for the 200-PO-1 Groundwater QU. The 44 COPCs are shown below in
Table 1-11.

Table 1-11. Proposed List of Contaminants of Potential Concern in the
200-PO-1 Groundwater Operable Unit. (2 Pages)

Antimony 2,4-Dinitrophenol

Arsenic Bis (2-ethylhexyl) phthalate
Cadmium Nitrobenzene®

Chromium Pentachl h

Lead T

Manganese Gross alpha®

Nickel Iodine-129

Thallium Neptunium-237°

Uranium Protactinium-231°
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Table 1-11. Proposed List of Contaminants of Potential Concern in the

Vanadivm

200-PO-1 Groundwater Operable Unit. (2 Pages)

Selenium-79

Zinc

Strontium-90

1, ,é.,h.Zn-.Té.trachloroe ane

=] Technetium-99

Tritium

1,2-Dichloroethane

Uranium-234

1 ,4—Dioxaneh

Uranium-238

Benzene S
Bromodichloromethane Dieldrin

Carbon tetrachloride Dimethoate
Dibromochloromethane Heptachlor
Hexane® Heptachlor epoxide
Methylene chloride

Tetrachioroethene Fluoride
Trichloroethene Nitrate

Vinyl chloride Nitrite

Represents constituents listed in historical process documents that have a potential to contribute to dose and have long half
lives, or in the case of hexane, regulatory limits set due to U.S. Environmental Protection Agency listing as a possible
carcinogen; these contaminants of potential concern have not been analyzed in the 200-PO-1 Groundwater Operable

Unit.

bRepresents constituents not listed in historical process documents, but are found in the 200-PO-1 Groundwater Operable

Unit.

“Represents survey parameters.

1.10 CURRENT AND POTENTIAL FUTURE

LAND USE

To identify appropriate cleanup objectives, the future land use of a site must be considered.
Current and future land uses of the 200 Areas and the Central Plateau are discussed below.

1.10.1 Current Land Use

All current land-use activities associated with the 200 Areas and Central Plateau are industrial in
nature. The DOE-selected land use for the 200 Areas, documented through DOE/EIS-0222-F,
Final Hanford Comprehensive Land-Use Plan Environmental Impact Statement (HCP), is
industrial for areas located within the industrial (exclusive) use boundary and conservation
(mining) for sites located outside of the industrial (exclusive) use boundary as shown in

Figure 1-5.
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The conservation (mining) land use would enable the extraction of valuable near-surface
geologic resources to support implementation of remedial actions (i.¢., surface barriers) at some
locations on the Hanford Site after obtaining National Environmental Policy Act of 1969
(NEPA), RCRA, or CERCLA approval to protect NEPA-sensitive resources (e.g., biologic,
geologic, historic, or cultural). In addition, the HCP indicates that a notice of deed restriction
would be piaced in those areas where vadose zone contamination remained in place, according to
a CERCLA ROD or RCRA closure permit, foreclosing the mining option. The Hanford Site has
no metal ore reserves, therefore, the term mining is not used in the traditional sense and was not
intended by the HCP. The HCP anticipates mining only for materials needed to build surface
barriers as part of remedial actions and that mining would be precluded from contaminated areas.
The conservation (mining) land use would afford protection of natural resources; however, other
compatible uses (e.g., recreation or nonintrusive environmental research activities) also would be
allowed, provided that these activities are consistent with the purpose of the conservation
land-use designation. Conservation would require active management practices to enhance or
maintain the existing resources and to minimize or eliminate undesirable or non-native species.

The HCP EIS ROD (64 FR 61615, “Record of Decision: Hanford Comprehensive Land-Use
Plan Environmental Impact Statement (HCP EIS)”) identifies conservation (mining) as reserved
for the management and protection of archeological, cultural, ecological, and natural resources.
Limited and managed mining (e.g., quarrying for sand, gravel, basalt, and topsoil for
governmental purposes only) could occur as a special use (i.e., a permit would be required)
within appropriate areas. Limited public access would be consistent with resource conservation.
This ROD also indicates that mining would be restricted from contaminated areas.

According to the HCP, industrial (exclusive) land use would preserve DOE control of the
continuing remediation activities and would use the existing compatible infrastructure required
to support activities such as dangerous waste, radioactive waste, and mixed-waste TSD facilities.
The cleanup criteria for these sites must be consistent with either land use or PRGs, based on
HAB 132, “Exposure Scenarios Task Force on the 200 Area” (HAB 2002). This application of
the Core Zone boundary is defined in the Tri-Parties response (Klein et al., 2002, “Consensus
Advice #132: Exposure Scenarios Task Force on the 200 Area™) to HAB Advice #132

(HAB 2002). Figure 1-5 presents the Core Zone and anticipated land use.

1.10.2 Anticipated Future Land Use

The reasonably anticipated future land use for the industrial (exclusive) use zone (shown in
Figure 1-5) 1s continued industrial (exclusive) activities. Eventually, portions of this area may be
used for non-DOE-related industrial uses. The DOE worked for several years with cooperating
agencies and stakeholders, including the National Park Service, Tribal Nations, the states of
Washington and Oregon, local county and city governments, economic and business
development interests, environmental groups, and agricultural interests, to define land-use goals
and develop future land-use plans for the Hanford Site. The results were reported in

Drummond, 1992, The Future for Hanford: Uses and Cleanup, The Final Report of the Hanford
Future Site Uses Working Group, and culminated in the HCP and associated ROD

(64 FR 61615) issued in 1999,
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The HCP was written to address the growing need for a comprehensive, long-term approach to
planning and development on the Hanford Site because of DOE’s separate missions of
environmental restoration, waste management, and science and technology. The HCP analyzes
the potential environmental impacts of alternative land-use plans for the Hanford Site and
considers the land-use implication of ongotng and proposed activities. In the HCP, the land-use
designation for sites inside the industrial (exclusive) area is as follows:

o Industrial (Exclusive Core Zone): areas suitable and desirable for TSD of hazardous,
dangerous, radioactive, and nonradioactive wastes, and related activities.

For sites outside the industrial (exclusive) area, the land-use designation is as follows:

« Conservation (Area Outside of Core Zone): an area reserved for the management and
protection of archeological, cultural, ecological, and natural resources.

Under the preferred land-use alternative selected in the ROD (64 FR 61615), the area outside of
the industrial (exclusive) area of the Central Plateau was designated for other activities. For the
sites in the study area, the land use was designated as conservation (mining). This would include
restrictions against intrusive human activities but would allow recreational use {e.g., hiking,
biking, hunting, and bird watching where a receptor spends only a small fraction of time in actual
proximity to the contaminated areas) of the surface areas. Restricted use (e.g., recreation or
waste management) means that surface use of the waste sites could occur, but subsurface
activities such as excavation, well drilling, and farming would be restricted to preclude contact
with or disturbance of contaminated soils. These activities could occur around the waste sites,
but not on the waste sites. Based on the risk framework workshops, groundwater use outside the
Core Zone also would be restricted until remediation activities result in meeting groundwater
cleanup standards. At that point, unrestricted groundwater use would be assumed. Table 1-12
lists the current and potential future land uses.

Table 1-12. Current and Potential Future Land Use.*

Near field Industrial (no use of

Inside Core Zone groundwater)
Far field Industrial (no groundwater | Conservative (mining) reserved for Y
Area Outside the Core use) for the next 150 years | management and protection of
Zone or other negotiated time archeological, cultural, ecological, and
natural resources
River Corridor Industrial (no groundwater | High- and low-intensity recreation, and Y

use) for the next 150 years | conservative (mining) reserved for
management and protection of
archeological, cultural, ecological, and
natural resources

»

**Record of Decision: Hanford Comprehensive Land-Use Plan Environmental Impact Statement (HCP EIS).
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The HCP indicates that contamination in the groundwater would restrict use. Groundwater
beneath the Central Plateau currently is contaminated and is not withdrawn for beneficial uses.

Operations at the Hanford Site are expected to terminate in approximately 2050, and active
mstitutional controls are assumed for approximately another 100 years following the termination
of operations. Effective passive institutional controls will be designed to endure to provide
protection for at least 500 years, which is the time period stated for the Environmental
Restoration Disposal Facility (ERDF) (EPA/ROD/R10-95/100, Declaration of the Interim
Record of Decision for the Environmental Restoration Disposal Facility). Institutional controls
are expected to be maintatned until the contamination is no longer hazardous to human health or
the environment.

1.11  CONCEPTUAL SITE MODEL

The goal of the DQO process is to develop a sampling design that will either confirm or reject
the CSM. The CSM 1s continuously refined as additional data become available.

When contaminants reach the water table, they generally flow along pathways of least resistance
depending on groundwater flow patterns, saturated zone properties, and contaminant properties.
This results in a general flow of contaminants in an easterly direction from the

200-PO-1 Groundwater OU (DOE/RL-2003-04) to the Columbia River. The concentration of
contaminants in the groundwater at different locations and times is used to estimate risk over the
next 1,000 years.

The Monitoring SAP lists waste sites grouped around three major facilities as the primary
contributors to groundwater contamination in the 200-PO-1 Groundwater OU: PUREX, B Plant,
and the BC Cribs and Trenches Area where U Plant waste was disposed. The PUREX Plant and
the BC Cribs and Trenches Area are located in the 200-PO-1 Groundwater OU. The B Plant is
located in the 200-BP-5 Groundwater OU on the northern boundary of 200-PO-1 Groundwater
OU. Six RCRA TSD units are located in the near-field area of 200-PO-1 Groundwater OU: the
PUREX Cribs, WMA A-AX, the 216-A-29 Ditch, 216-B-3 Pond (B Pond), the IDF (a
RCRA-compliant landfill that is scheduled to begin receiving waste in FY 2010), and the
NRDWL. Two additional waste sites in the 200-PO-1 Groundwater OU that are regulated by the
Washington Administrative Code are the 200 Area TEDF and the Solid Waste Landfill.

Tritium, nitrate, and [-129 are identified in PNNL-16346 as major groundwater COPC plumes
that generally coincide and extend outside the 200 East Area. Tritium, nitrate, and 1-129 are the
groundwater contaminants for the far-field area and also are present in the near-field area. The
tritium groundwater plume is described in PNNL-16346 as primarily associated with the PUREX
cribs, and generally attenuating through radioactive decay and dispersion.

Nitrate concentrations have exceeded the drinking water standard of 45 mg/L, or 10 mg/L
nitrogen in nitrate necar PUREX Cribs, WMA A-AX, and the 400 Area. PNNL-16346 states that
the nitrate plume appears to be receding except in three areas: the southern portion near the

300 Area, PUREX cribs, and WMA A-AX.
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An 1-129 groundwater plume extends southeast from the 200 East Area into the 600 Area.
PNNL-16346 describes the PUREX cribs as the sources for the 1-129 plume. The highest I-129

groundwater concentration in the 200-PO-1 Groundwater OU occurred near the PUREX cribs
during FY 2006. An I-129 activity level of 9.1 pCi/L. was found in well 299-E17-14 near the

216-A-36B Crib.

PNNL-16346 describes three far-field (i.e., tritium, nitrate, and 1-129) and nine near-field
groundwater contaminants (i.e., Sr-90, Tc-99, arsenic, chromium, manganese, vanadium, Co-60,
cyanide, and uranium). The following groundwater contaminant information is available in

PNNL-16346.

Jodine-129 was not detected during FY 2006 in the few wells that are completed in the
deep unconfined aquifer or the confined aquifers.

Tritium was detected in only one deep well (a water supply well in the 400 Area that is
screened in the unconfined aquifer). Tritium was not detected in the basalt-confined
aquifer.

A localized area of Sr-90 groundwater contamination occurs near the 216-A-36B Crib.
The low mobility of Sr-90 in groundwater is the primary factor for limiting its extent.

Technetium-99 groundwater contamination is associated with WMA A-AX and
indirectly, through gross beta measurements, with the PUREX cribs.

Arsenic and manganese were 1dentified in groundwater samples from wells near the
PUREX cribs during FY 2006. The current manganese concentrations are less than the
50 pg/L secondary drinking water standard. Both the Monitoring SAP
(DOE/RL-2003-04) and PNNL-16346 mention that manganese concentrations detected
near the PUREX cribs could result from corrosion of carbon-steel casing in older
monitoring wells.

Chromium, Co-60, cyanide, and uranium are COPCs at the BC Cribs and Trenches Area.
The only groundwater contaminant that was detected above background levels in the

BC Cribs and Trenches Area in FY 2006 was chromium in well 299-E13-14.

A chromium plume is migrating into the BC Cribs and Trenches Arca from the west and
southwest, and might be impacting wells where chromium was detected.

The highest vanadium concentrations in the 200-PO-1 Groundwater QU were found at
PUREX cribs, the 216-A-29 Ditch, and the B Pond.

A conceptual model for the hydrogeology of the 200-PO-1 Groundwater OU is described in

PNNL-12261, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-East Area and
Vicinity, Hanford Site, Washington. The PNNL study concluded that two aquifers exist within

the suprabasalt sediments of the 200 East Area. The upper Hanford unconfined aquifer occurs in

the sediments of unit 1 of the Hanford formation and unit 5 (i.e., unit E) of the Ringold
Formation and is presented in Figure 1-6.
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Figure 1-6. Hydrostratigraphic and Geologic Columns in the Hanford Site (PNNL-12261).
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Figure 1-7. Groundwater Flow at the Hanford Site.
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An underlying confined aquifer was noted where Unit 9 (Units 9A, 9B, 9C) is separated from the
unconfined aquifer by the Unit 8 aquiclude (Figure 1-6). The resulting fluvial sand and gravel
aquifer is referred to as the Ringold Formation confined aquifer. Groundwater flow in the
Ringold Formation confined aquifer appears to converge from the west, south, and east in the
200 East Area according to PNNL-16346. It is postulated that groundwater was forced into the
Ringold Formation confined aquifer from the Hanford unconfined aquifer under the B Pond
when mounding occurred during effluent disposal.

PNNL-12261 also describes the deeper confined aquifer in the Columbia River Basalt Group

underlying the Ringold Formation. The upper basalt-confined aquifer occurs within fractured
basalt and interbeds of the Upper Saddle Mountains Basalt that directly underlies the Ringold
Formation confined aquifer. Groundwater generally flows from west to east within the upper

basalt-confined aquifer. Vertical gradients are upward at most Hanford locations, but are
downward near the B Pond.
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The 200-PO-1 Groundwater OU hydrogeology is further described in the Monitoring SAP. The
Monitoring SAP briefly describes the same three aquifers that are detailed in PNNL-12261.

A large paleo-flood channel filled with Hanford sediments trends northwest-southeast across the
200 East Area. The paleo-flood channel cuts through the Ringold lower mud unit in the
200-PO-1 Groundwater QU, resulting in direct contact of the Hanford and lower Ringold sand
and gravel sediments. The upper unconfined aquifer merges with the lower semi-confined
aquifer in the vicinity of the paleo-flood channel.

Another prominent structural feature in the 200-PO-1 Groundwater OU is the May Junction
Fault, which is located east of the B Pond and TEDF. The fault might provide a vertical
preferential flow path for groundwater to move from the Ringold confined aquifer into the
Hanford unconfined aquifer (PNNL-12261, Section 4.2.3).

Artificial groundwater recharge from effluent disposal at the B Pond, PUREX, and other waste
sites generated local mounds in the water table and generally elevated the water table throughout
the 200 East Area. The groundwater mound under the B Pond caused an estimated additional
10 m (35 ft) of hydraulic head. The resulting downward gradient and radial flow pattern
reversed groundwater flow in the 200 East Area to a western direction away from the Columbia
River. The B Pond is located where the Hanford unconfined aquifer and the Ringold confined
aquifer are connected. The downward gradient that was generated during disposal operations
could have forced contaminants into the Ringold confined aquifer. Alternatively, the relatively
impermeable Ringold lower mud unit (unit 8) could have diverted groundwater flow and
contaminants laterally and down dip to the east and southeast through an umbrella effect
(Section 4.2.1, PNNL-12261). The artificial recharge at the B Pond and TEDF are illustrated in
Figure 1-8. Effluent disposal and the associated artificial groundwater recharge at the B Pond
ceased in 1997,

Sufficient effluent volumes were disposed at PUREX and other waste sites to result in additional
artificial groundwater recharge. The effluent volumes disposed of at PUREX were lower than at
the B Pond, but the associated contaminants generally were more concentrated. A conceptual
model for the migration of contaminants from the PUREX cribs to groundwater is shown in
Figure 1-9. Enhancements to the conceptual models for the 200-PO-1 Groundwater QU waste
sites are expected as additional geophysical and other data are collected.

Table 1-13 presents a tabular depiction of the CSM that applies to the 200-PO-1 Groundwater
OU. The descriptions of the CSM identify contaminant sources, release mechanisms, migration
pathways, potential receptors, and exposure scenarios for the COPCs.

1.12 STATEMENT OF THE PROBLEM

The problem addressed by this DQO process is to ensure that adequate data are available to
support the RI/FS process for the 200-PO-1 Groundwater OU, including risk modeling and
prediction of alternative remedial actions, judging the effectiveness of interim remedial actions,
and long-term CERCLA monitoring.

1-44




SGW-34011 REV 0

#20/SOH 3002/100/6661
il lisslisilisilissliie
12Jinby
+2I9E 1 131
pauljuooun

peaH

21433WOoU}0d

199443 ejjaiquin

-z —

suoz
asopep

1

jusniy3
pinbi

pauyuoaun g

pauljuo)

ST1IM
ONIHOLINOW

R A twun
_—— ry (pajenyuasayipun)
\\ [2ARID BINOSSIN-21d

jwy piojueH

MN

sty

Jajinby pauyuos Jojuop
s|ioM Buuojuop 4a3L

anod-g

/ 29eLNS PUNOI9

‘Aoe [esodsi(q Juan[jyg poleal], pue puod g e
a31eyoaYy JJEMPUNOID) [BOYIIY PUE SHU() [IIS0[0YIIT aY) JO [9poJA [erudoouo) v °g-1 2InSig

1-45



SGW-34011 REV 0

dnoug jjeseg
JaAly eiquinjo)

(jeuueyo-oajed)
UOHEULIO} PAOJUBH
pPajenualagpun

aj|qel JajeMm
b

06-1S
B6ZL-1
ajenIN uoEW IO} pIOJUBH
UOIJR WO PIOjUBH wniug pajenuaiagipun
pajenuaiappun

Sliam
Bupsojiuop

1-46

ajeniN
6621

./. syuel ||oys-afuis

- pauuejdun «
 saul

Nno s-dg-00z | no 1-0d-00z saseaay

pauuejdun
HLNOS

ealy jse3l 00¢

"BOIY SOUOUSLL, PUB SQUD DF PUR SqUD XAUNd Y} 10J [9POJA NS [emdesuo) v “6-] g1y



‘046 ] J0 1oV A124002) pup UOHDAIISUO) DIINOSIY ViIOH
‘(ssa201d 10 JUB[4) UOIIOBNXT WINJUBIL) -UATUOIN] g Xadand
"Waoued epudiod Jo JuBLILIEILOS = DJOD

“ISATY BIQUIN[OY) 2} JO a10ys 2y Suofe 25esn a3 I0] JOPILIO)) 1AL ) ILM JUSISISUOD PUR NER]J [BHUL)) A1) 10§

1un) sqeaadQ 1-d7-007 Y YIa JUNSISTOD 3q [[I4 SOLIRUIS amnsodya asn armny oy ], “uonelequr ySnoxy sane[oa o) amnsodxa £q 10 s103dasar [eordofoos
pue suemny Aq J2lempunoId o1 Jo uonsadur paInul] uo paseq 2q [[Is nesjeld [eNUI)) P U SOLIEU22s amsodxa amin,] -Surjapour Ysu I0PLLIO)) 13ATY
10 PASN 3BT YiTM JUDISISTOD 9 [[IAs TDATY BIQUINTC,) 2U3 JuLI0us 1aieapunold o) pasodxs s101dadal [ed1do102 pue suewiny] 10 SOLIEU2DS amsodxa juarm))
"2S1 UT 10U ST J21BmpPUnold asneoaq JSTXS JoU $e0p neaje[d [enus)) sy uo s1oydasel [edrdojoss pue suzminy Joj 2msodxa Juanm) :0LIBUdIg dausedxy

SGW-34011 REV 0

'$Dd0D 3y Jo uouzISTI

[eomaa pue (£esep sanaeoiper ‘uondios)
TONEPIRA1 A Paloaf]e aq [[IA SUOZ PIRINes
o wi J1odsuel], “IIALL A 0) §DJ()) SWOS

A11e5 KBl mo[] 19jempunoId jusiperdumoq ‘¢ A[eAnoadsal

TATH ‘o)e1 afreydal oY) aseardap . Syea] ‘z-d pue
BIQUINOY) ATWL SaS PRIEUILIEIGOS U0 STULISAD VHOY Ig] yue) pue m“EosEu “STULIE] YUE} WOIJ ﬁ -9 se[qeL
21 goral SB JONS SANTATIOE UOHRIPaWal [enuajod jueld XHANd pue Jueld g syea] [enusjod pue | ‘g xpuaddy ur
1®1) $DJ0D A v . “Jueld () snotaaid apnpom | YT PUe que[d | payuasord are

amny “aImgny Yl W SNULUOed [ pue

103 [82180[022 I3ALP JUALND 3] ST Ajeiauad o81eyoal [eInjeN, T

sasInos 1Yo spuod pue [ “ueld e o peues | jexSojorpes

puevewny e| 3 3 p ‘sayouan ‘squa ySnoyy uoneiedes mmen pue

— ESE—UMMMEmﬁwmwuwm%mﬂﬁHMMMu M“HMM JUOZ ISOPEA S} 0) PISBIII pue wnruoinyd woy | $HJOD [BI150]

107 SANTATIOE Sans a1sEm ﬁ.SE.ﬁ Hu&o o ,mﬁmo d ‘saqonp a1am spinbry ajsep | saisem ssaooxd prnbry -~OIPRIUON
[ELISNPU ® | ‘sqrrs ydnomy Superooad spnbry aisem asay, -1 I3jEMpUnoL

UZIDMPUNOIS 0F JHIWIIA0 T INUPUOI 01 SWSTHDYID W IIGONPDAY AJ1utd.44n2 23 240 Sids samnf pup
Houna ‘uvoppndipard wosf a81myoas pangpy; pos ay fo dpovdoo aandioes ayg papaadxa yorym dapa fo sappuvnb asivg Aq pareand aaau SOF0D ‘Ayouuy
unnvMpunods oy wuinyeo jlos Suidliapun ayp y3noay; sypds pup ‘sayopp ‘Spuod 'sqre swedf sHJ0D fo uonupiSru papmumoq japow s prpdasuo)

H

.:wﬁmEEmEoO I9)eMPUNOID) I0]
[POJA 21iS [emdeouo)) 1) s[qelad Jajempunoln) 1-Od-007 SU) Jo uonotda(q enge ] ‘¢1-1 2[9eL

1-47



SGW-34011 REV 0

This page intentionally left blank.

1-48




SGW-34011 REV 0

2.0 STEP 2 -IDENTIFY THE DECISIONS

The purpose of DQO Step 2 is to define the principal study questions (PSQ) that address the
problem statements presented in DQO Step 1, to list alternative actions (AA) that may be
pursued to resolve the questions, and to formulate for each PSQ a decision statement (DS) that
expresses the choice between alternative actions. Table 2-1 presents the task-specific PSQs,
AAs, and resulting DSs. The table also provides a qualitative assessment of the probable
severity of the consequences of choosing an AA that is ultimately incorrect. The severity 1s
expressed as low, moderate, or severe in terms of risk and cost.

Table 2-1. Principal Study Questions and Decision Statements. (4 Pages)

1-1 No action; use existing data to The wrong remedial action alternative may be Low to
choose remedial action costly and/or ineffective. Moderate
alternative.

1-2 Yes — obtain additional data If no additional data were needed, then the cost of | Low to
through treatability tests or other obtaining the data and the cost of delaying the Moderate
means. project would be wasted.

DS 1 — Determine if additional data are needed to choose between remedial action alternatives for a specific
plume or if no action is required. If additional data are needed, determine the type of data needed.

re
2-1 No action (existing data are If additional data are necessary and not collected, | Moderate to
adequate). then specific COPCs may not be remediated Severe
propetly.
2-2 Obtain additional data. Unnecessary cost of obtaining redundant data, Moderate to
Severe

DS 2 — Determine if additional characterization data (e.g., geophysical, discrete sampling etc.) are needed to
define the three-dimensional distribution of COPCs within the unconfined aquifer or if no action is required.

If additional data are necessary and not collected,

Moderate to

No action (existing data are
adequate). then specific COPCs may not be remediated Severe
properly.
3-2 Obtain additional data. Unnecessary cost of obtaining redundant data. Moderate to
Severe

may be associated with declining water levels.

DS 3 — Detenmine if there are possible subsurface contaminant flow barriers and pathways, including those that
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Table 2-1. Principal Study Questions and Decision Statements. (4 Pages)

Existing well locations may be inadequate for Moderate to
evaluating modeling results or contaminant Severe
distribution,
4-2 Select a new monitoring network | Unnecessary cost of establishing new network, Low to
from existing wells. preparing documentation, and probable additional | Moderate
sampling and analysis.
4.3 Install new wells (or deepen Unnecessary cost of drilling (or deepening) wells, | Moderate to
existing wells) to supplement preparing supporting documentation, and Severe
existing or new network. additional sampling and analysis.

silpnedds

DS 4 — Determine if and where additional or alternate monitoring points are needed to adequately define the
three-dimensional extent of contaminants in the plumes.

5-1 No action (use available models). | If additional modeling is necessary and not Moderate to
conducted, then specific COPCs may not be Severe
remediated properly.

5-2 Obtain additional data. Unnecessary and very expensive cost of obtaining | Moderate to
excessive modeling data. Severe

order to make a phased remedial decision, or if no action is required

DS 5 — Determine if additional data are needed to support modeling and redefinition of the conceptual model in

6-1 No action (use existing data). If additional data are necessary and not collected, | Mederate to
then specific COPCs may not be remediated Severe
properly.

6-2 Obtain additional data. Unnecessary cost of obtaining redundant data. Moderate to

Severe

DS 6 — Determine if additional data are needed to determine the future potential contribution to groundwater from
waste sites (including tank farms) or if no action is required. If additional data are needed, determine the type of
data needed.

7-1 No action (use existing end states | If additional end states are necessary and not Moderate to
data). collected, then the correct remedial action may be | Severe
overlooked or not selected.
7-2 Obtain additional end states data. | Unnecessary cost of obtaining data that will not Moderate to
affect the remedial decision. Severe

DS 7 - Determine if additional data are needed to determine the need to redefine end states or if no action is
required. If additional data are needed, determine the type of data needed.

2-2
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Table 2-1. Principal Study Questions and Decision Statements. (4 Pages)

Significant uncertainty in hydraulic gradients and

determine flow directions.

investigations.

No action (use existing network). Low to
inferred flow directions. Moderate

8-2 Select a new monitoring network | Unnecessary cost of establishing new network, Low to
from existing wells. preparing documentation, and probable additional | Moderate

field measurements.

8-3 Instail new wells (or deepen Unnecessary cost of drilling (or deepening) wells, | Moderate to
existing wells} to supplement preparing supporting documentation, and Severe
existing or new network. additional field measurements.

8-4 Use alternative methods to Unnecessary cost of conducting field Moderate

DS 8 — Determine if and where additional resolution of the water table is needed to prepare reliable groundwater
table contour maps. Consider alternative means for mapping flow where the groundwater gradient is shallow or
flat.

9-1 No action {use current sampling Possible delayed detection of an emerging plume. | Low
frequency).
9-2 Increase sampling frequency. Unnecessary cost of additional sampling and Low to
analysis. Moderate

DS 9 — Determine if the locations of the wells and the sampling frequencies are adequate for tracking plume
movement or if no action is required.

existing wells) to supplement
hydraulic and geologic data.

10-1 No action. Possible bias in modeling groundwater flow and Low to
contaminant transport. Moderate
10-2 Install new wells {(or deepen Unnecessary cost of drilling and testing. Moderate to

Severe

DS 10 — Determine if risk assessment based on long-term contaminant transport modeling would significantly
benefit from more accurate knowledge of preferential flowpaths; if so, consider alternate means (e.g., geophysical
testing) to guide or to substitute for additional drilling and testing. Otherwise, no action is required.

No action.

Delayed detection of groundwater

Moderate

contaminant(s).
11-2 | Increase the number of COPCs Cost of additional laboratory analysis. Low to
measured at selected source sites. Moderate

DS 11 — Determine if the sampling frequency and suite of measured COPCs at individual source sites are
adequate to ensure timely warning of emerging contaminant plumes.

2-3
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Table 2-1. Prncipal Study Questions and Decision Statements. (4 Pages)

00-PX i e SR
12-1 If additional data are necessary and not collected | Moderate
then specific COPCs may not be remediated
properly.
12-2 Obtain additional data. Unnecessary cost of additional sampling and Low to
analysis. Moderate
DS 12 — Determine if additional data are needed to evaluate potential risk to aquatic ecology from COPCs
associated with the 200-PO-1 Groundwater OU. If additional data are needed, determine the type of data needed.

COPC = contaminant of potential concern.
DS = decision statement.
PSQ = principal study question.
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3.0 STEP 3 -IDENTIFY INPUTS TO THE DECISION

The purpose of DQO Step 3 is to identify the type of data needed to resolve the DS identified in
DQO Step 2. This chapter describes the kinds and sources of data needed to resolve each of the
DSs presented in Chapter 2.0. The data already may exist or may be derived from computing or
surveying sampling and analysis methods. Analytical performance requirements also are
provided in this step for new data.

3.1 CONCEPTUAL MODEL DATA INPUT
NEEDS

The CMS (DOE/RL-96-66) for the 200-PO-1 Groundwater QU presented the results of
groundwater flow and solute transport modeling. The modeling employed a three-dimensional
finite element code (VAM3DCG) capable of simultaneously handling both flow and solute
transport simulations. The conceptual hydrogeologic framework of the model included a
horizontal grid covering 971.2 km? (375 mi?) of the Hanford Site. The modeled domain included
the Ringold Formation and the pre-Missoula/Hanford formation, with the individual model
elements of the vertical grid sized to represent the local thickness of each formation. Similarly,
elements within the three-dimensional grid were assigned hydraulic and contaminant transport
properties representing local conditions (e.g., hydraulic conductivity, dispersivity, effective
porosity, distribution coefficient).

According to this model, communication with underlying basalt aquifers was considered to be
negligible, and areas where basalt outcrops or lies above the water table were assigned zero
hydraulic conductivity (e.g., Rattlesnake Mountain, Gable Mountain, Gable Butte, Umtanum
Ridge).

Dry Creek and Cold Creek units were assumed to represent constant flux recharge. Additional
recharge from ponds, ditches, and cribs associated with Hanford Site operations was based on
historical records. Recharge from precipitation or runoff was considered negligible. The
Columbia River and the Yakima River were considered to be constant head boundaries, with
discharge to the Columbia River. The computer model was calibrated using historical data
collected during the period from 1979 to 1994. A computer simulation based on the calibrated
model was initiated using a starting time of January 1995. Predictions for 10, 20, 50, 100, and
200 years into the future were generated to simulate changes to the water table and tritium plume
concentrations (all tritium concentrations were decay-corrected). Actual water-table contours
and tritium concentrations presented in PNNL-16346 may be compared to the modeled [0-year
predictions.

3.1.1 Saturated Zone Properties

A set of specific parameters for groundwater modehing is not yet identified for the

200-PO-1 Groundwater OU. The potential modeling parameters in this section are based on
those that were developed for other groundwater OUs at the Hanford Site. Parameters such as
distribution coefficient (Ky), hydraulic conductivity, particle size, and cation-exchange capacity

3-1
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are useful for modeling contaminant movement and evaluating remedial alternatives. Additional
saturated zone modeling data will be obtained from new wells that are planned in the

200-PO-1 Groundwater OQU. Depth-discrete groundwater data will be collected from new
boreholes as they are drilled or during well installation (e.g., well development and aquifer
testing). The depth-discrete data will also be useful for selecting screen intervals for new wells.

3.1.2 Saturated Zone Sediment Parameters

Specific modeling input parameters that were considered for the 200-ZP-1 Groundwater OU are
listed in Table 3-1. The geotechnical (i.e., physical), hydraulic, and geochemical parameters are
included in CP-16151, Data Quality Objectives Summary Report Supporting the 200-ZP-1
Operable Unit Remedial Investigation/Feasibility Study Process. Specific modeling
requirements and the relative importance of each input will be considered before establishing a
final set of modeling parameters for the 200-PO-1 Groundwater OU.

Table 3-1. Potential Saturated Zone Properties. (2 Pages)

Geotechnical | Particle-size distribution (by
dry sieve, wet sieve, and ASTM D422 N/A N/A N/A
hydrometer methods)
Borehole geophysics
(neutron probe, natural a N/A N/A N/A
gamma, spectral gamma, and
gamma-gamma density®)
Mineralogy X-ray diffraction N/A N/A N/A
Lithology Geologist N/A N/A N/A

description
Field and
Effective porosity laboratory
measurerment

Bulk density ASTM D2937 N/A N/A N/A
Total porosity 2 N/A N/A N/A

Geochemical | Major cations (e.g., sodium ASTM D4327 N/A N/A N/A
and calcium)
Cation exchange capacity Routigl;; tal, N/A N/A N/A
Calcium carbonate content ASTM D4373 N/A N/A N/A
Total organic carbon 415.1° N/A +25% +25%
Ky ASTM D3987 N/A N/A N/A

. o 25,000
Tentatively identified . ’
compound 415.1M ng Ckg 125% +25%
sample

pH 90459 Ol}nI:tH 0.1 pH unit 0.1 pH unit
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Table 3-1. Potential Saturated Zone Properties. (2 Pages)

Hydraulic | o aulic gradient Field N/A N/A N/A
measurement
Slug test, slug interference
test, constant rate discharge Field test N/A N/A N/A
test, or tracer test
. Well
Water production flow rate N/A N/A N/A
development
Water-level changes Well
(drawdown) development N/A N/A N/A
Groundwater pumping Well N/A N/A N/A
performance development
Dispersivity' Field tracer N/A N/A N/A
measurement
Geochemical | Major cations {e.g., sodium ASTM D4327 N/A N/A N/A
and calcium)
Kq(e.g., carbon ASTMD3987 | N/A N/A N/A
tetrachloride)
Specific conductivity Field screening N/A N/A N/A
Total organic carbon 415.1° 1’(:/)3 H +25% +25%
Tentatively identified 415.1M° 1,000 p 425% +25%
compound gL
d 0.1 pH . .
pH 9045 unit +0.1 pH unit 0.1 pH unit
Temperature Field screening N/A *+1°C 1°C
Alkalinity 310.1°0r 310.2° 10 mg/L. +20% +25%
as CO,
Dissolved oxygen Field screening N/A 0.1 mg/L +1%
Turbidity Field screening | <5 NTU N/A® N/A®

*Method will be defined by technical support prior to implementation.
YIf gamma-gamma density probe is not available at the time of logging, proceed running only natural and neutren-induced
capture gamma-ray spectroscopy.

‘Method from EPA/600/4-79/020, Methods of Chemical Analysis of Water and Wastes.

dMethod from SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final

Update H{-B.

‘Requirements are “Yes/No” above or below 5 NTU; precision and accuracy do not apply.
"Depending on the model grid size, dispersivity may not be needed.
ASTM D422-63 (2002)el, Standard Test Method for Particle-Size Analysis of Soils.
ASTM D2937, Standard Test Method for Density of Soil in Place by the Drive-Cylinder Method.
ASTM D3987-06, Standard Test Method for Shake Extraction of Solid Waste with Water.

ASTM D4327-03, Standard Test Method for Anions in Water by Chemically Suppressed lon Chromatography.

ASTM D4373-02, Standard Test Method for Rapid Determination of Carbonate Content of Soils.
Routsoi, R. C., R. W. Wildung, and R. J. Serne, “A Column Cation-Exchange-Capacity Procedure for Low-Exchange
Capacity Sands.”

ASTM = American Society for Testing and Materials. N/A = notapplicable.
CRDL = contract-required detection limit. NTU = nephelometric turbidity unit.
Ka = distribution coefficient.
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Eight potential geotechnical parameters for saturated sediments are listed in Table 3-1:
particle-size distribution, geophysical borehole surveys, mineralogy, bulk density, hthology,
effective porosity, total porosity, and bulk density. Seven geochemical parameters are listed in
Table 3-1: major cations (i.e., sodium and calcium}), cation exchange capacity, calcium
carbonate content, K4 for carbon tetrachloride, TOC, total inorganic carbon, and pH.

3.1.3 Groundwater Parameters

Table 3-1 lists six hydraulic and 10 geochemical parameters that are applicable to groundwater
samples. If new wells are drilled in the 200-PO-1 Groundwater OU, some of these data could be
obtained from depth-discrete groundwater samples during drilling. The following six hydraulic
parameters for groundwater modeling and/or evaluation of remedial alternatives are included:
hydraulic gradient, hydraulic conductivity measured during slug tests, groundwater production
rates, water-level drawdown, groundwater pumping performance during well development, and
longitudinal and transverse dispersivity. Multiple depth intervals may be tested to provide an
indication of the vertical distribution of hydraulic properties. The following 10 geochemical
parameters also are potential inputs for groundwater modeling and/or remedial alternatives
evaluation: major cations {i.e., sodium and calcium), Ky, specific conductance, TOC, total
inorganic carbon, pH, temperature, alkalinity, dissolved oxygen, and turbidity.

3.1.4 Physical, Geological, Hydraulic, and
Geochemical Properties

Consideration of the CSM, discussed above in Section 1.11, and discussions with the PNNL and
Fluor Hanford staff members on the DQO team led to the listing of a number of properties of the
saturated zone that are needed to support the accurate modeling of contaminant plumes. All of
the properties listed below are properties of the soil water matrix through which contaminants
may move. Although many such measurements have been obtained for the saturated zone in the
200 East Area, increased specificity may be needed as the models are required to address
individual waste sites and wells near the source. Waste site and plume-specific measurements of
the properties will allow refinement of model predictions with regard to horizontal and vertical
migration of the contaminants in the saturated zone. The properties that were identified were
split into the following three major categories:

1. Physical/geologic properties (e.g. ,particle size, calcium carbonate content).

2. Hydraulic and transport properties (e.g., bulk density, total porosity, and effective
porosity).

3. Geochemical properties (e.g., cation exchange capacity, partition coefficient).

Within each of the three categories, numerous measurements help to define the specific
parameters of the saturated zone. Table 3-1 lists those parameters that may be chosen for
measurement in the saturated zone, and applicable performance requirements.
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3.2 INFORMATION REQUIRED TO RESOLVE
DECISION STATEMENTS

Table 3-2 specifies information required to resolve the DSs identified in Table 2-1 and identifics
whether data already exist. For the data identified as existing, the source references for the data
have been provided with a qualitative assessment as to whether or not the data are of sufficient
quality and quantity to resolve the corresponding DS.

33 BASIS FOR SETTING THE ACTION LEVEL
OR PRELIMINARY REMEDIATION GOAL

In context of terms within the DQO, the target action level is a threshold value that provides the
criterion for choosing among some of the AAs defined by the DSs. In the regulatory framework
for CERCLA, the term for action level for remediation decisions is PRG. The term used in this
document is PRG. Not all of the DS AAs are resolved by comparing specific data to specific
PRGs. A number of the programmatic DSs rely on professional judgment to select a path
forward. Table 3-3 lists potential action limits for individual COPCs in groundwater. For those
DSs that will be determined by comparison to specific analytical results, Table 3-3 1dentifies the
basis for establishing the action level for each of the COPCs. The PRG is the lowest of the MCL
and WAC 173-340, “Model Toxics Control Act — Cleanup,” limits, except when background is
higher, then background is selected. PRGs or action levels for some contaminants may be less
than the required quantitation limits (RQL). If the PRG is less than the RQL, the RQL will be
chosen. Future revisions to WAC 173-340 will review the RQLSs to determine if they should be
lowered as a result of improved analytical technology. The final numerical value for the action
level will be established in the FS and ROD.

34 COMPUTATIONAL METHODS

An integrated modeling system is required that is capable of predicting the movement of
contaminants from the vadose zone to the groundwater, and subsequently on to the Columbia
River o calculate cleanup levels and predict contaminant migration rates in the vadose zone and
groundwater. For DSs that can be compared directly to analytical data, calculations will be
performed that relate the measured concentration of the COPCs in a sample to the concentration
of the COPCs in the matrix of interest. Most of the comparisons will be made from the
analytical sample results obtained from groundwater samples from specific wells over a pertod
{months to years). The mean, upper 95 percent confidence limit, or other statistical estimate of
the mean may be used in certain circumstances. The mean may be used in either of the
following instances.

¢ Multiple samples are obtained from a single well over a timeframe that is considered
short with regard to the rate of plume movement.

e Samples are from a group of wells that are considered to be in an area of constant plume
concentration.
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Several of the DSs in this DQO summary report require the application of professional judgment
regarding the adequacy of current information to predict future movement of the COPCs from
the vadose zone into the groundwater. Decisions will be based on computational methods that

will be documented, selected, and agreed upon as the project moves on to the FS phase.

35 ANALYTICAL PERFORMANCE
REQUIREMENTS

Table 3-4 lists analytical performance requirements for individual COPCs in groundwater
samples. The table shows contractually required minimum detection limits as well as the

maximum allowable concentrations of regulated constituents.

Table 3-4. Performance Requirements for Groundwater Analysis. (3 Pages)

Uranium-238

Antimony

7440-36-0

AR By

6010 B/200.8

Gross alpha® 12587-46-1 15 Alpha/beta GPC 3
lodine-129 15046-8a-1 | 1b | 1129 liquid scint. (fow ]
level}
Neptunium-237 13594-20-2 15 Neptunium-237 - AEA 1
Protactinium-231 14331-85-2 | --® | Protactinium-231 - AEA 1
Selenium-79 15758-45-9 P LsC 30
Strontium-90 10098-97-2 g Gas proportional counting 2
Technetium-99 14133-76-7 900 Te-99 liquid scint. or GPC 15
Tritium 10028-17-8 | 20,000 | 11-3 liquid scint 400
(mid-level)
Uranium-234 13966-29-5 i R
U 20 Isotopic uranium - AEA 1

Arsenic 7440-38-2 10 Trace ICP

Cadmium 7440-43-9 10 6010 B/200.8 2

Chromium 7440-47-3 100 6010 B/200.8 10
Lead 7439-92-1 15 6010 B/200.8 5

Manganese 7439-96-5 2200 | 6010 B/200.8 5

Nicket 7440-02-0 320 6010 B/200.8 40
Thallium 7440-28-0 1.1 Trace ICP 0.5
Uraniurn (total) 744061-1 | 30 gﬁggpﬁi 200.Bkinctic 0.1
Vanadium 7440-62-2 110 6010 B/200.8 25
Zinc 7440-66-6 4800 | 6010 B/200.8 10

£30%!

£30%"°

70 — 130%?¢

70— 130%"°
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Table 3-4. Performance Requirements for Groundwater Analysis. (3 Pages)

Fluoride 16984-48-8 960 Antons by IC - 300.0 500
Nitrate as NO, 14797-55-8 | 44,300 | Anions by IC—300.0 75 +30%* 70— 130%°
Nitrite as NO, 14797-65-0 | 3,290 | Anions by IC~300.0 75

1,1,2,2-

Tetrachloroethane 79-34-5 0.22> | Volatile organics — 8260 B 5

1,2-Dichloroethane 107-06-2 0.48° | Volatile organics — 8260 B 1.5

Benzene 71-43-2 0.8 Volatile organics — 8260 B 1.5

Bromodichloromethane | 75-27-4 0.71° | Volatile organics — 8260 B 5

Carbon tetrachloride 56-23-5 0.34° | Volatile organics — 8260 B 1.5 ‘ P
+30% 50— 150%

Dibromochloromethane | 124-48-1 0.52° | Volatile organics — 8260 B 5

Hexane 110-54-3 480 Volatile organics — 8260 B 5

Methylene chloride 75-09-2 5 Volatile organics — 8260 B 5

Tetrachloroethylene 127-18-4 0.081° | Volatile organics — 8260 B |

Trichloroethylene (TCE) | 79-01-6 0.11° | Volatile organics — 8260 B 2

Vinyl chloride 75-01-4 0.029° | Volatile organics — 8260 B 10

T
e Skl S b

1 4-Dioxane 123.91-1 4 Semivolatile organics -

8270 C 10
2,4-Dinitrophenol 51-28-5 33 | Semivolatile organics - 25
8270 C P ¢
Bis @-etylhexy) p——— - +30% 50-150%
is (2-ethylhexy b emivolatile organics —
phthalate H7-81-7 6 8270 C 10
Nitrobenzene 98-95-3 4b Semivolatile organics — 10
§270C £ f
- - - +30% 50 ~ 150%
Pentachlorophenol 87-86-5 0.73% Semivolatile organics - 10
8270
Dieldrin 60-57-1 0.0055" | Pesticides - 8081 C 0.1
Dimethoate 60-51-5 3.2° Semivolatile -8270 C 20
— +30% 50— 150%
Heptachlor 76-44-8 0.019° | Pesticides 8081 C 0.05
Heptachlor epoxide 1024-57-3 0.0048° | Pesticides —8081 C 0.05

*The PRG is the lowest of the MCL and WAC 173-340 limits, except when background is higher, then background is selected.

®These values have the RQL=PRG, or the RQL is equal to the PRG. When this occurs, the RQL will become the PRG based
on WAC 173-340-707.

°‘Represents a survey parameter.
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Table 3-4. Performance Requirements for Groundwater Analysis. (3 Pages)

'Accuracy criteria for associated batch laboratory control sample percent recoveries for radionuclides. With the exception of
gamma energy analysis, additional analysis-specific evaluations also performed for matrix spikes, tracers, and carriers, as
appropriate to the method. Precision criteria for batch laboratory replicate sample analyses.

“Accuracy criteria for associated batch matrix spike percent recoveries for inorganics. Evaluation based on statistical control
of laboratory control samples also performed. Precision criteria for batch laboratory replicate matrix spike sample analyses
or replicate sample analyses.

fAccuracy criteria are the minimum for associated batch laboratory control sample percent recoveries for organics.

Laboratories must meet statistically based control if more stringent. Additional analyte-specific evaluations also performed
for matrix spikes and surrogates as appropriate to the method. Precision criteria for batch laboratory replicate matrix spike
sample analyses.

8Four-digit EPA Methods are found in SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third

Edition; Final Update IT1-B; EPA Method 200.8 is found in EPA/600/R-94/111, Methods for the Determination of Metals in

Environmental Samples, Supplement 1; EPA Method 300.0 is found in EPA/600/4-79/020, Methods of Chemical Analysis of

Water and Wastes.

WAC 173-340, “Model Toxics Control Act -- Cleanup.”
WAC 173-340-707, “Analytical Considerations.”

AEA = alpha energy analysis.

CAS = Chemical Abstracts Service.
GPC = gas proportional counting.
IC = ionchromatography.

ICP = inductively coupled plasma.

LSC = liquid scintillation counting.
MCL = maximum contaminant level.
PRG = preliminary remediation goal.
RQL = required quantitation fimit.
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4,0 STEP 4 - DEFINE THE BOUNDARIES OF THE STUDY

The purpose of DQO Step 4 is to define the target population of interest, define the spatial and
temporal boundaries that apply to each DS, define the scale of decision making, and identify any
practical constraints associated with sample/data collection. This chapter presents the DSs that
originally were shown in Table 2-1.

4.1 POPULATION OF INTEREST

Before defining the spatial and temporal boundaries of the site under investigation, it is first
necessary to clearly define the populations of interest that apply for each DS (Table 2-1). The
intent of Table 4-1 is to clearly define the attributes that make up each population of interest by
stating them in a way that makes the focus of the study unambiguous.

Table 4-1. Characteristics that Define the Population of Interest.

1,2, | All analyte results within the aquifers, geochemical data,
4,5, | and physical property data required to evaluate remedial
7,8, | action alternatives for specific plumes. Data required to 19L Infinite
9,10, | define three-dimensional distribution of COPCs within the

11, 12 | unconfined aquifer.

Data required to evaluate subsurface contaminant flow
paths and impact of declining water levels.

(a)

Fate and transport data input to models such as (b)
MODFLOW or STOMP.

All analyte results within the aquifers, geochemical data,
and physical property data required to cvaluate the future
6 potential contribution to groundwater from waste sites also 1I9L Infinite
discussed in this document as near-field boundary
(including tank farms).

Risk scenarios, fate and transport data, and remedial

7,10 - 19L Infinite
alternatives.
1 Evaluate COPC data from the near field and compare it to 9L Infinite
far-field results and fate and transport modeling results.
12 Evaluate data from the River Transect. See Chapter 7.0 of 9L Infinite

this document and compare to ecological screening levels.

“Does not apply because geophysical data samples the entire area.
*Does not apply because modeling includes analytical data discussed above and the various physical parameters.

COPC = contaminant of potential concern.
DS = decision statement.
STOMP = Subsurface Transport Over Muitiple Phases (code).
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4.2 GEOGRAPHIC AND PLUME BOUNDARIES

Figure 4-1 illustrates the geographic and plume perimeters of the 200-PO-1 Groundwater OU,
which generally are triangular in shape, representing the tritium plume that extends from the
200 East Area to the Columbia River. The western boundary is the 2000 pCi/L isopleth of
tritium (one-tenth of the primary drinking water standard) on the western flank of the plume,
extending from the boundary of the 300 Area on the south to the boundary between the
200-PO-1 Groundwater OU and 200-BP-5 Groundwater OU on the north. The northern
boundary is the 2000 pCi/L tritium isopleth on the northern flank of the plume, extending from
the Columbia River to the 200-PO-1 Groundwater OU/200-BP-5 Groundwater OU boundary,
then along the boundary to the 2000 pCi/L tritium isopleth of the western flank. The eastern
boundary of the 200-PO-1 Groundwater OU is the Columbia River, south to the 300 Area.
The southern boundary is represented by the northern border of the 300 Area from the river to
the western 2000 pCi/L tritium isopleth.

For this report, the 200-PO-1 Groundwater OU is divided into three geographic areas of concern.
The first area, or near-field region, represents the source areas within and adjacent to the

200 East Area, and the downgradient areas to the Southeast Transect. The second area, or
far-field region, is defined as the area of the 200-PO-1 Groundwater OU including the Southeast
Transect extending to the Columbia River. The River Transect, a subset of the far-field region,
and the River Corridor aquifer tubes represent the final area of concemn.

Table 4-2 presents the geographic boundaries that pertain to each DS from Table 2-1. DSs 1-12
from Table 2-1 encompass the entire groundwater beneath the 200-PO-1 Groundwater OU.

DSs 6 and 11 encompass the groundwater beneath the near-field zone only, while DSs 1, 2, 3, 4,
5,7, 8,9, and 10 reflect the far field zone. DS 12 reflects decisions involving the groundwater
along the River Transect and River Corridor zones.

4.3 VERTICAL BOUNDARIES

The vertical extents of the 200-PO-1 Groundwater QU for the purposes of this DQO
summary report are the suprabasalt sediments of the Hanford and Ringold formations. In
addition, this DQO specifically includes continued monitoring of the upper basalt confined
aquifers for detecting future contamination within the geographic boundaries of the
200-PO-1 Groundwater OU.

4.4 STRATA CHARACTERISTICS IN
200-PO-1 GROUNDWATER OPERABLE
UNIT

The unconfined aquifer within the 200-PO-1 Groundwater OU occurs within the Hanford
formation and/or underlying Ringold Formation. Groundwater flow in the unconfined aquifer 1s
generally southeast and east toward the Columbia River. Confined or semi-confined aquifer
conditions occur locally below the Ringold lower mud unit and within the Columbia River
Basalts (DOE/RL-2003-04).
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Figure 4-1. Location Map of 200-PO-1 Groundwater Operable Unit as Defined by the 1995
Tritium Plume Extent.
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Table 4-2. Geographic Boundaries of the Investigation.

1-12 Groundwater that lies beneath the perimeter of the 200-PO-1 Groundwater OU.
6,11 Groundwater that lies beneath the near-field zone within the 200-PO-1 Groundwater OU.
1,2,3,.4,5,7,8,9, 10 |Groundwater that lies beneath the far-field zone within the 200-PO-1 Groundwater OU.

12 Groundwater that lies beneath the River Transect line and adjacent to the river.

The direction of groundwater flow and hydraulic gradient are customarily inferred from
hydraulic head measurements, and the rate of groundwater mass transport is calculated from
inferred gradient and measured hydraulic conductivity. Such inferences and calculations arc
reliably accurate only for a homogeneous, isotropic aquifer, which is not descriptive of the
200-PO-1 Groundwater OU unconfined aquifer. Further, measurements of hydraulic
conductivity at the Hanford Site generally are made using single-well stress tests, which
effectively interrogate the aquifer only in the immediate vicinity of the test well. Finally, as seen
in Figure 4-2, over much of 200-PO-1 Groundwater OU, hydraulic gradients are extremely
shallow thereby adding considerable uncertainty to the inferred gradients. Figure 4-2 also
shows those areas where basalt is above the water table and therefore serves to constrain
groundwater flow.

In general, the Hanford formation and Ringold Formation are distinguished based on sediment
characteristics (e.g., texture, color, lithology and competency) as observed during geologic
logging. Specific units within these formations also are easily identified using standard borehole
geophysical techniques. Figure 4-3 is a simplified cross section illustrating the suprabasalt
stratigraphy approximately along the axis of the principal lobe of the far-ficld tritium plume,
which approaches the Columbia River north of the Energy Northwest power plant. Figure 4-3
shows that the suprabasalt sediments thin significantly toward the east, which is consistent with
the increased hydraulic gradient near the river.

PNNL’s extensive Well Log Library was used to prepare structure maps showing the elevation
of the top of each hydrostratigraphic unit and four cross sections as visual representations of the
subsurface hydrogeology and hydrostratigraphy (Figure 4-4). Two of the four structural cross
sections, Lines 2 and 1, are represented schematically in Figures 4-5 and 4-6, respectively.
These cross sections are oriented roughly perpendicular to the regional structural trends and
depositional axes of the geologic units. It is intended that these visual aids help illustrate the
revised interpretation of the lateral and vertical extent and variability of the principal
hydrogeologic unit within the geologic framework and their relationship to groundwater
movement through the area.
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Figure 4-2. Hanford Site Water Table Elevations for April 2006 (PNNL-16346).
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Figure 4-3. Geologic Cross Section of the Suprabasalt Sediments of the 200-PO-1 Groundwater
Operable Unit from the 200 Areas to the Columbia River.
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The suprabasalt aquifer is believed to comprise two aquifers: an upper unconfined aquifer, and a
lower confined aquifer (Ringold units 9A/C). Throughout most of the Hanford Site,
groundwater in the uppermost unconfined aquifer is isolated from groundwater in the confined
Ringold aquifer system by the Ringold lower mud unit (unit 8). However, an erosional window
exists along the margins of the buried paleo-channel, and the confined Ringold aquifer system is
in direct contact with unit 1 of the uppermost unconfined aquifer (see Figures 4-5 and 4-6).
Because the hydraulic conductivity of the channel fill is generally much higher than for Unit 9,
and because an upward gradient exists in this region, groundwater from the confined Ringold
aquifer system likely discharges into the highly transmissive channel-fill sediments where it
mixes with groundwater of the uppermost unconfined aquifer. However, there is a lack of
groundwater data (i.e., no wells) in the confined Ringold aquifer to the west and southwest of the
200 East Area where contamination from the 200 West Area may enter the study area
(PNNL-12261).

4.4.1 Near-Field Stratigraphy

Line 2 (Figure 4-5) is a north-to-south oriented structural cross section across the eastern

200 East Area that underlies part of the near-field zone. This line is perpendicular to the
suspected erosional channel that cut through and removed the Ringold lower mud unit (unit 8)
and older Ringold sediments near the crest of the basalt anticline (north end).

4-6



SGW-34011 REV 0

Wd BLiL ZDOZ ‘GZ SUNr masedApnis jimg ues

Z uonoag-ssoiy /N

Asepunog eary Apmg jlﬂ ﬁ

L

N-00L
ealy
4-00L

Sy12d JOATY BIGWIN|OD [B11SEIUY
/pooy] oejeg

s z t o | uonoeg-ssoiny NV
weswes ¢ € 0z L © vory Aprus AV
t uonoeg-ssainy /V ajqel Jeiep eAoqy yeseg [ |
€ Uonoag-ssoy / spuog/sieay 7]
/]
mL._

"(192Z1-TNNJ) #oIV 158g 00T U JO UOBIO ] B SSOLY

AydeiSnensoipAy pue A50[0a801pAH 20e)Insqng Ay} JO S[ENSIA SUNUISIIJ SIUIT [BUOLIIG-SS0ID) INOY “{- 9InS1]

4-7



SGW-34011 REV 0

(11/60) S00/SOH 3002/100/L002

il / 1ynby pauyjuo) = ﬁ
__.m_mﬁm b JqeL INBM A saur] mol [eanayiodAy = o
uonesaddexs |2ABID) BINOSSIN-21d = DN
[BI1LIAA XOT
losz— | .
.ﬁuﬂw
axs é-u y
2 _ m = ;
€3y 158 007 :
05t 5
depy UONEIOT UONDIS-SSOL) (JIpun) N J/W) PIOJUEE] - v
Neseq ,..., wy produry e
_“ i - g
uij paojuey i
: g
wy plojueyy
s — i
aompmg pURIE
£ _ i > _ %
‘ 1
M »0% «%‘ %% %\ &a\ x.“\ qa\. .«,.a\
g d & ¥ : } :
(19221~ INNJ) UOn0ag SS0I1) PIRI-TBAN T Ul G- 2131

4-8




SGW-34011 REV 0

(11/80) ¥OO/SOH 300ZM1DQ/L00Z
IS voursadg

saymby pauyuo) = ]

JqEL MM A
sour] mold anayioddy =_- 7
uoneiadiexy =
[N X0 [2ARID) BINOSSIN -1 = DA

57 Cppun) DA
fuuy paojuegy

(19271~ TINNdJ) Uonoag sso1) p[arj-Ieq [ Ul "9-f 231

4-9




SGW-34011 REV 0

4.4.2 Far-Field Stratigraphy

Line 1 (Figure 4-6) illustrates the hydrostratigraphy roughly perpendicular to the ancestral
Columbia River and Pleistocene flood paths and subsequent channel development, and crosses
the far-field zone. Salient hydrostratigraphic features include the relative stratigraphic position
and thickness of the confining lower mud unit (unit 8), with respect to the basalt structure; the
continuity of unit 8 up onto the structure (only minor depositional thinning); and the isolated
areas where unit §, and portions of Ringold units 3A/C and 9B are abruptly absent or have been
removed. The thickness and relative position (vertical separation) of the units is maintained up
onto the structure on both sides of the channel scour, which suggests the erosional removal of the
units rather than depositional thinning (PNNL-12261).

4.4.3 River Transect and River Corridor

Estimating the rate of mass transport of contaminants through the far-field zone (600 Area) to the
Columbia River is of importance for assessing environmental risk to the river. The River
Transect wells are of particular interest because they effectively establish a cross section or
vertical “curtain” through which the waste constituents must pass to reach the river, and because
the saturated interval of the suprabasalt sediments is relatively thin compared to most of the
200-PO-1 Groundwater OU.

The River Transect wells lic within the area of thinner suprabasalt sediments and steeper
hydraulic gradient. The shallower basement and relatively unambiguous gradients indicate that
the River Transect may represent the most useful area within the 200-PO-1 Groundwater OU for
mnitial application of a combined program of geophysical testing, single-well tracer testing,
depth-discrete groundwater sampling, and supplementary hydraulic stress testing.

The River Corridor aquifer tubes will determine concentrations of near-shore sediment pore
water. The samples are intended to show the concentrations of the Hanford Site groundwater
contaminants discharging to the Columbia River via the unconfined aquifer. The purpose of the
measurements is to provide data for assessing ecological risk to near-shore biota.

4.5 STRATA WITH HOMOGENEOUS
CHARACTERISTICS

The textural and mineralogical properties of the strata also influence hydraulic and mass
transport characteristics that are important for contaminant transport modeling.

Aquifer identification (i.e., unconfined vs. confined) is principally based on the physical
characteristics of the bounding strata. Appendix F presents alternative characterization methods
that may be used to supplement investigative measurements routinely used for Hanford Site
aquifers. Hydraulic head measurements also are useful in differentiating between aquifers and
for identifying aquifer communication. Table 4-3 presents strata with homogenous
characteristics and the DSs that apply.

4-10
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Table 4-3. Strata with Homogeneous Characteristics.

The unconfined and confined aguifers within the

6,11 Semi-homogeneous for specific plume COPCs
near-field underlying source sites within the dissolved in the groundwater. Generally
200-PO-1 Groundwater Operable Unit higher in concentration than the far-field,

River Transect, or River Corridor.
1,2, 3,4, | The unconfined and confined aquifers within the Semi-homogeneous for specific plume COPCs
5,7,8,9, | far- field underlying the 200-PO-1 Groundwater dissolved in the groundwater. Generally
10 Operable Unit lower in concentration than groundwater than
inside the near-field zone. Also potentially
subject to different remedial action objectives.
12 The unconfined aquifer underlying the River Semi-homogeneous for specific plume COPCs
Transect and River Corridor dissolved in the groundwater. Generally
lower in concentration than groundwater than
inside the near-field zone. Also potentially
subject to different remedial action objectives.
COPC = contaminant of potential concern.
DS = decision statement.
4.6 TEMPORAL BOUNDARIES

Table 4-4 identifies temporal boundaries that may apply to each DS. The temporal boundary
refers to the timeframe over which the data collected will apply to the DSs and shows the
optimum time to collect the samples. For analyses such as VOC, samples should not be
collected during extremely high temperatures or extreme wind conditions because these
conditions will increase the rate of volatilization, which could affect the analytical results.

Table 4-4. Temporal Boundaries of the Investigation

2,3,4,6,8,9, 10,11, 12 0-3 During the drilling of new groundwater-monitoring wells and
data collection.

1,57 1-3 Before choosing remedial action alternative and completion
of record of decision revision.

DS = decision statement.

Three main arcas of consideration comprise the temporal boundaries of the project. The first
reflects the period of time needed to consider the DSs, to choose one of the alternative actions for
each DS, and to tncorporate the results into a Characterization SAP (DOE/RL-2007-30). The
second consideration is the likely duration, in years, of the scale of monitoring reflected by the
Characterization SAP. The final consideration addresses the timing of sampling within each
annual period. Table 4-5 identifies the temporal factors that correspond to the activities that are

proposed
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Table 4-5. Temporal Boundaries of the Investigation Related to the Proposed Activities.

4,6, 8, | Drill or deepen wells; design and 1 to 3 years from completion of DQO.
10 initiate any planned field and
laboratory testing programs,

. | Groundwater sampling and anatysis. | Nominally annual to semiannually, but sampling frequency
. may be adjusted for individual locations. Supplementary
0, sampling (e.g., from RCRA TSD monitoring) is nominally
quarterly to annually. There are no general constraints on
groundwater sampling other than frequency.

2,3,4, | Water level measurements. Nominally annual to semiannually, but measurement
56,7, frequency may be adjusted for individual locations.

8,9, 10, Measurements from supplementary wells (e.g., from RCRA
11,12 TSD monitoring) is nominally quarterly to annually.

Water-level measurements are best performed during periods
relatively free of barometric pressure or storm effects

(e.g., June — August). For wells near the Columbia River,
river stage (and bank storage) should be considered.

1,5,7, | Duration of monitoring program. It is expected that the monitoring program will continue
through at least 2018, which is the Tri-Party Agreement
(Ecology et al., 1989) target date for completion of remedial
action (DOE/RL-99-66). In the event that institutional
controls are chosen over remediation, it is expected that
monitoring will continue through at least 2118,
DOE/RL-99-66, Steam Condensate/Cooling Water Waste Group Operable Units RI/FS Work Plan; Includes: 200-CW-3,
200-CW-2, 200-CW-4, and 200-SC-1 Operable Units.
Ecology, EPA, and DOE, 1989, Hanford Federal Facility Agreement and Consent Order.

DQO = data quality objective.

DS = decision statement.

RCRA = Resource Conservation and Recovery Act of 1976.
TSD = treatment, storage, and/or disposal.

4.7 SCALE OF DECISION MAKING

In Table 4-6, the scale of decision making has been defined for each DS. The scale of decision
making is defined by joining the population of interest and the geographic and temporal
boundaries of the area under investigation. For this DQO, the scale of decision making has been
maintained in fairly global terms. As discussed in recent EPA DQO guidance
(EPA/240/B-06/001, Guidance on Systematic Planning Using the Data Quality Objectives
Process, EPA QA/G-4), the scale of decision making may be based on widely different project
needs. It is expected that as the cleanup of the site progresses, more specific and different
decision making scales will be developed. The following paragraph summarizes recent EPA
guidance (EPA/240/B-06/001).

The scale of decision making is the smallest area or volume of the media, or the shortest

time frame associated with the contamination problem of the site for which the planning
team wishes to control decision errors. The goal of this activity is to define subsets of

4-12
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media about which the planning team will be able to make independent decisions that
satisfy the decision error constraints specified in Step 6. The scale may range from the
entire geographic boundaries of the site to the smallest area that can be remediated with
a given technology. The scale of decision making is sometimes called a decision unit.
The scale of decision making may be based on:

(1) Risk

(2) Technological Considerations
(3) Temporal Considerations

(4) Financial

(3) Other considerations

A temporal scale of decision making is based on exposure from constituents in media that
change over time. For example, in order to regulate water quality, it would be useful to
set a scale of decision making that reduces the time between sampling events. Using this
scale, the planning team could minimize the potential adverse effects in case the water
quality changed between sampling events.

For this DQO, the scale of the decision includes a temporal component. The decisions made are
expected to apply to the groundwater conditions for 1,000 years.

Table 4-6. Scale of Decision Making. (3 Pages)

Data required to evaluate |Near field, far field, and | See See A specific groundwater
specific chosen remedial | along river within the Table 4-4 | Table 4-4 | contaminant plume
action alternatives. 200-PO-1 Groundwater within the peographic

ou. boundaries over next

3 years.

Characterization data Near field, far field, and | See See Groundwater within the
required to determine along river within the Table 4-4 | Table 4-4 | geographic boundaries
horizontal and vertical 200-PO-1 Groundwater over next 2 years.
COPC distribution within (OU.
the unconfined aquifer.
Data required to evaluate |Near field, far field, and | See See Groundwater within the
subsurface contaminant along river within the Table 4-4 | Table 4-4 | geographic boundaries
flow paths and impact of  (200-PO-1 Groundwater over next 2 years.
declining water levels. ou.

4-13
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4 Data required to evaluate |Near field, far field, and | See See Groundwater within the
alternate monitoring along river within the Table 4-4 | Table 4-4 | geographic boundaries
points to adequately 200-PO-1 Groundwater over next 2 years.
define the ou.
three-dimensional extent
of the contaminants in the
plumes.

5 Data required to support  [Near field, far field, and | See See Groundwater within the
modeling and redefinition |along river within the Table 4-4 | Table 4-4 | geographic boundaries
of the current 200-PO-1 Groundwater over next 2 years.
hydrogeologic conceptual |OUL
model in order to make a
phased remedial decision.

6 Data required to evaluate  |Near field within the See See Groundwater within the
the future potential 200-PO-1 Groundwater | Table 4-4 | Table 4-4 | geographic boundaries
contribution to ou. over next 2 years.
groundwater from waste
sites (including tank
farms).

7 Data required to evaluate |Near field, far field, and | See See Groundwater within the
the need to redefine end  |along river within the Table 4-4 | Table 4-4 | geographic boundaries
states. 200-PO-1 Groundwater over next 2 years,

ou.

8 Data required to prepare  [Near field, far field, and | See See Groundwater within the
reliable groundwater table |along river within the Table 4-4 | Table 4-4 | geographic boundaries
contour maps and for 200-PO-1 Groundwater over next 2 years.
mapping flow where the |OU.
groundwater gradient is
shallow or flat,

9 Data required to evaluate |Near field, far field, and | See See Groundwater within the
whether the locations of  |along river within the Table 4-4 | Table 4-4 | geographic boundaries
wells and sampling 200-PO-1 Groundwater over next 2 years.
frequency for tracking ou.
plume movement are
adequate.

10 Data required to evaluate  |Near field, far field, and | See See Groundwater within the
benefits of more accurate  |along river within the Table 4-4 | Table 4-4 | geographic boundaries
preferential flow path 200-PO-1 Groundwater over next 2 years.
knowledge to risk ou.
assessment based on
long-term contaminant
transport modeling.
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Table 4-6. Scale of Decision Makin

Data required to evaluate |Near field within the See See Groundwater within the
adequacy of sampling 200-PO-1 Groundwater | Table 4-4 | Table 4-4 | geographic boundaries
frequency and suite of Oou. over next 2 years.
COPCs at source sites

would ensure timely

warning of emerging

threats.

12 Data required to evaluate  [Along the River See See Groundwater within the
potential risk to aquatic Transect and adjacent to | Table 4-4 | Table 4-4 | geographic boundaries
ecology from COPCs the river within the over next 2 years.
associated with the 200-PO-1 Groundwater
200-PO-1 Groundwater ou.

Ou.
OU = operable unit.
DS = decision statement.

COPC = contaminant of potential concern.

4.8

PRACTICAL CONSTRAINTS

Potential practical constraints that could interfere with the implementation of the sampling
program outlined in Chapter 7.0 arc as follows.

Monitoring wells identified for sampling could go dry due to declining water table.

Access to one or more groundwater-monitoring wells could be temporarily impeded due
to security issues, radiological controls, or wildfire.

Scheduling constraints on sampling could affect when data are collected.

Well maintenance or pump problems could impede collection of some samples.

Budgetary issues could require renegotiations of the SAP and affect instaltation of

new wells.

Sample shipping or laboratory problems can affect holding times and completeness of

sample analysis.
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5.0 STEPS5-DEVELOP A DECISION RULE

The purpose of Step 5 1s to develop a decision rule (DR) for each DS in the form of an
“if...then...” statement that incorporates the parameter of interest, the scale of decision making,
the action level, and the AAs that would result from the resolution of the decision. Note that the
scale of decision making and AAs were identified earlier in DQO Steps 4 and 2, respectively.

5.1 INPUTS TO DEVELOP DECISION RULES

Table 5-1 is a reiteration of the DSs developed in DQO Step 2 (Table 2-1) and specific COPC
action levels, or PRGs (Table 3-4). This information will be used to develop the DRs in
Section 5.2.

Table 5-1. Decision Statements.

1 Determine if additional data are needed to choose between remedial action alternatives for a specific
plume or if no action is required. If additional data are needed, determine the type of data needed.

2 Determine if additional characterization data {(e.g., geophysical, discrete sampling} are needed to define
the three-dimensional distribution of COPCs within the unconfined aquifer or if no action is required.

3 Determine if there are possible subsurface contaminant flow barriers and pathways. Including those that
may be associated with declining water levels.

4 Determine if and where additional or alternate monitoring points are needed to adequately define the
three-dimensional extent of contaminants in the plumes,

5 Determine if additional data are needed to support modeling and redefinition of the conceptual model in
order to make a phased remedial decision, or if no action is required.

6 Determine if additional data are needed to determine the future potential contribution to groundwater

from waste sites (including tank farms) or if no action is required. If additional data are needed,
determine the type of data needed.

7 Determine if additional data are needed to determine the need to redefine end states or if no action is
required. If additional data are needed, determine the type of data needed.

8 Determine if and where additional resolution of the water table is needed to prepare reliable groundwater
table contour maps. Consider alternative means for mapping flow where the groundwater gradient is
shallow or flat,

Determine if the locations of the wells and the sampling frequencies are adequate for tracking plume
movement, or if no action is required.

10 | Determine if risk assessment based on long-term contaminant transport modeling would significantly
benefit from more accurate knowledge of preferential flowpaths; if so, consider alternate means

{e.g., geophysical testing) to guide or to substitute for additional drilling and testing; otherwise, no action
is required.

11 Determine if the sampling frequency and suite of measured COPCs at individual source sites are
adequate to ensure timely warning of emerging contaminant plumes.

12 | Determine if additional data are needed to evaluate potential risk to aquatic ecology from COPCs
associated with the 200-PO-1 Groundwater Operable Unit. If additional data are needed, determine the
type of data needed.

corc
DS

contaminant of potential concern.
decision statement.
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5.2  DECISION RULES

A DR is an “if...then...” statement that incorporates the parameter of interest, the unit of
decision making, the action level, and the action(s) that would result from resolution of the
decision. Table 5-2 presents DRs in tabular form that corresponds to each of the DSs identified
in Table 5-1. Several of the DSs require professional judgment to evaluate data from widely
differing sources and quality. In some cases, the data for a specific DR are not currently
available. As discussed in Chapter 2.0, the PSQs do not necessarily relate to a single sample
statistic. In many cases, there is no sample statistic that relates directly to the question that must
be answered. As aresult of these considerations, the DRs are more complicated than a simple
comparison of a single analyte to a specific regulatory action level, or PRG.

5-2
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6.0 STEP 6 — SPECIFY TOLERABLE LIMITS ON DECISION ERRORS

Because analytical data only can estimate the true condition of the site under investigation,
decisions made based on measurement data potentially could be in error (i.€., decision error).
For this reason, the primary objective of DQO Step 6 is to determine if any DSs require a
statistically based sample design. For this DQO, a number of programmatic DSs are formulated.
These DSs result in several DRs that require professional judgment to assess the data for
adequacy and determine what data are missing.

A total of 189 monitoring wells are routinely sampled within the 200-PO-1 Groundwater OU.
New well locations that are proposed in Step 7 of this DQO are based on professional judgment
to better define the COPCs from near-field waste sites, and to obtain more information along the
Columbia River for risk assessment. The existing and proposed well locations are not
statistically based. The locations are derived from COPC information published in annual
groundwater-monitoring reports such as PNNL-16346, and characterization requirements for the
baseline risk assessment and FS. SAPs for the proposed wells are described in the
Characterization SAP (DOE/RL-2007-30).

Because all of the DSs for this DQO do not require traditionatl statistical calculations, tables
defining the null hypothesis, alpha and beta error, and width of the gray region are excluded.
The determination of whether additional wells are needed to adequately monitor remedial action
will be based on geostatistical models. A statistical design for determining the success or failure
of remedial action will not be part of this DQQO. Table 6-1 connects the DSs from Table 2-1 to
the sampling design basis. Chapter 7.0 of this document provides details of the sampling design
and additional logic on the well locations.

Table 6-1. Statistical Versus Non-Statistical Sampling Design.

, 0-3 Accessible Non-statistical—Decisions will be based on analytical

1,2,3,4

5,6,8,9, results over a period of time and/or through professional
10, 11, 12 judgment.

7 3+ Accessible To be done when final remedial action is chosen.

*See Table 2-1 for the exact meaning of each DS.

DR = decision statement.
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7.0 STEP 7- OPTIMIZE THE DESIGN FOR OBTAINING DATA

The purpose of this step of the DQO process is to design a data collection program that makes
best use of available resources while satisfying project objectives.

As discussed in Chapter 6.0, the population parameters shown in Table 6-1 are not amenable to
statistical sampling. The 200-PO-1 Groundwater OU monitoring network design and future data
collection will be based on using historical data and professional judgment.

Tnitial decisions will relate to sampling frequency and the configuration of the monitoring well
network in order to support preparation of a Characterization SAP.

The purpose of this section is to define the sampling and analysis design to obtain the data
identified in previous sections. Section 7.2 focuses on the design for obtaining different types of
data from the existing monitoring well network, including current and proposed wells.

7.1 GEOGRAPHIC SCALE

In Chapter 4.0, it was suggested that the DRs be addressed on three geographic scales for
near-ficld wells, far-field wells, and the River Transect and River Corridor wells. The three
geographic scales represent three semi-independent studies. The focus and principal
considerations for each of the geographic scales are discussed below.

7.1.1 Near-Field Wells

The near-field wells are those in the vicinity of the contaminant source areas as well as those
downgradient to, and extending toward, the Southeast Transect wells. For purposes of this DQO,
the main function of the near-field wells is to provide timely detection and characterization of
emerging contaminant plumes.

An emerging plume may not intercept wells adjacent to a source area (¢.g., RCRA TSD wells).
As an emerging plume disperses laterally, downgradient wells may intercept it. Transport
modeling will include longitudinal and lateral downgradient dispersion. The spacing of wells
from source areas to the Southeast Transect wells could be evaluated with respect to dispersive
broadening of plumes.

Finally, decisions regarding modification of the near-field monitoring network would benefit
from additional understanding of preferential flowpaths. Surface geophysical methods (see
Appendix F) could be considered as a means for elucidating geologic structure.

7.1.2 Far-Field Wells

Far-field wells include the Southeast Transect wells extending to the Columbia River.
Contaminant and water-level data from these wells, and modeled predictions of future

7-1
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contaminant concentrations, provide two main benefits. First, present and future contaminant
concentrations are the basis for making decisions regarding land use, long-term institutional
controls, and remedial actions. Second, the models provide a means for predicting transport of
contaminants into the Columbia River.

7.1.3 River Transect Wells and River Corridor
Aquifer Tubes

The series of wells comprising the River Transect form a curtain, across which contaminants
must flow before discharge to the river. This curtain extends from the water table to the bottom
of the contaminated zone of the groundwater.

Given basic hydraulic information (e.g., hydraulic conductivity and gradient, depth interval) and
COPC concentrations, it is possible to estimate mass transport across the River Transect curtain
in the vicinity of a transect well. Several factors affect the estimate:

¢ Accuracy of the method used for measuring hydraulic conductivity
» Accuracy of gradient measurement

» Variation of COPC concentrations with depth

s Vanation of hydraulic conductivity with depth.

Also, the sampling point density along the River Transect varies widely, so the area represented
by any one well also varies widely. Finally, depth-discrete data typically are lacking for many
well sites at the Hanford Site.

Adequacy of characterization of the River Transect may be the single most important facet of the
project, because it offers the most direct method for estimating transport of contaminants from
the 200-PO-1 Groundwater OU to the Columbia River and for independently corroborating
results from the computer transport model.

The River Corridor aquifer tubes provide a last spatial detection for waste constituents that are
migrating from the 200-PO-1 Groundwater OU to the Columbia River and that may affect the
river biota.

72  MONITORING WELL
CHARACTERIZATION AND
SAMPLING DESIGN

A two-phased approach is planned to complete RI activities for the 200-PO-1 Groundwater OU

(Table 7-1). This is to be incorporated with any geophysical and geotechnical information that
already has been established.

7-2
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Table 7-1. Summary of Phase I and Phase II Characterization Activities.

Characterization activities

All wells and frequencies shown in DOE/RL-2007-31,
Appendix A, Tables A3-1 and A3-2

Routine monitoring activities

Appendix B, Tables 2-1 and 2-2

EEESE

All wells and frequencies shown in DOE/RL-2007-31,

Area Well Identification®
A-2
PUREX A-5
Opportunistic Wells” A-30
A
BC Cribs C
E

Planned aquifer tubes

River Corridor

10 sets of 3

Area Well Identification®
Opportunistic wells” PUREX A-T
A
Planned wells® To be decided E
D

*Preliminary well identification is presented. Once wells are physically established, formal well names will be given.

"Opportunistic wells are wells that operable units outside of the 200-PO-1 Groundwater Operable Unit are proposing to
drill. These wells offer an opportunity for supplemental data gathering.

°Planned wells are those that may be drilled in the 200-PO-1 Groundwater Operable Unit, but locations will depend on the

data evaluation from Phase [

DOE/RL-2007-31, Remedial Investigation/Feasibility Study Work Plan for the 200-PO-1 Groundwater Operable Unit.

PUREX = Plutonium-Uranium Extraction (Plant or process).

According to EPA/540/G-89/004, Guidance for Conducting Remedial Investigations and
Feasibility Studies under CERCLA, Interim Final, OSWER 9355.3-01, the RI process serves as a
mechanism for collecting data to characterize site conditions, determine the nature of the waste,
and assess risk to human health and the environment. The FS continues to serve as the
mechanism for the development, screening, and detailed evaluation of alternative remedial
actions. Data collected in the RI influence the development of remedial alternatives in the FS.
The various phases of the RI/FS process provide an iterative approach to data collection. Two
concepts are essential to the phased RI/FS approach.
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First, data generally should be collected in several stages, with initial data-collection activities
usually limited to developing a general understanding of the site. Field sampling should be
phased, so that the results of the initial sampling activities can be used to refine plans developed
during scoping to better focus subsequent sampling activities. As a basic understanding of site
characteristics is achieved, subsequent data collection activities focus on filling identified gaps in
the understanding of site characteristics and gathering information necessary to evaluate
remedial alternatives.

Second, this phased sampling approach encourages identification of key data needs as early in
the process as possible to ensure that data collection is always directed toward providing
information relevant to selection of a remedial action. In this way, the overall site
characterization activity can be continually scoped to minimize the collection of unnecessary
data and maximize data quality.

7.2.1 Well and Analyte Selection for Phase I and
Phase II Characterization and Assessment in the
200-PO-1 Groundwater Operable Unit

Sections 7.2.2 through 7.2.3 explain details of the summary information that is provided in the
following paragraphs. A total of 107 wells are selected for assessment in the 200-PO-1
Groundwater QU. These wells will enhance the lateral and depth discrete groundwater data that
is necessary to determine the nature and extent of contamination in the aquifer. It is proposed
that ten aquifer tubes be drilled in Phase I along the River Corridor. An aquifer tube consists of a
set of three tubes emplaced at different depths vertically in one well casing. Each tube will be
sampled for the 44 COPCs listed in Table 3-3.

In addition, six wells, three from the PUREX Area (A-2, A-5, and A-30) and three from the

BC Cribs and Trenches Area (A, C, and E) will be opportunistically sampled in Phase I. One
well (A-7) proposed for drilling in FY 2009 adjacent to the 216-A-7 Crib also will be
opportunistically sampled in Phase II. Opportunistic wells are wells that are being drilled in
other OUs, including waste sites that 200-PO-1 Groundwater OU task leads will collect samples
from to acquire supplemental data.

Four wells (A, B, C, and D) will be installed within the 200-PO-1 Groundwater OU during
Phase II. The specific locations of these four new wells are to be determined through the Phase I
data collection activities.

The remaining 86 wells are existing wells that are to be added for assessment with the analytes
and frequency of sampling shown in Appendix B, Figures B-1 and B-2.

The analytes chosen in Phase T and Phase II for analyses consist of two categories: routine
monitoring analytes, and a list of 44 analytes. The routine monitoring analytes are constituents
that are routinely monitored within 200-PO-1 Groundwater QU, and can be found in

Appendix C, Tables C-1 and C-2. The list of 44 analytes presented in Table 3-3 consists of
constituents that were designated as COPCs from the evaluation process presented in the
above sections.

7-4
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7.2.2 Phasel Near Field

Characterization of the 200-PO-1 Groundwater OU will be conducted in two phases. Table 7-1
presents the characterization and routine summaries of Phase I and Phase II activities. The
primary objectives for Phase I are to collect data on groundwater contaminants, acquire
geophysical data to estimate vertical and lateral extent of contamination, and to refine or confirm
preferred contaminant pathways. In addition, a detailed evaluation of existing monitoring data
will be conducted to assess data needs to determine preliminary fate and transport of analytes in
200-PO-1 Groundwater OU.

Groundwater and geophysical data will be acquired during Phase I. Data will be gathered in
order to provide information on depth of contaminants in the aquifer, provide information on
stratigraphy, define the extent of chromium plume, assess flow direction and hole deviations, and
determine depth-to-water measurements. Within Phase I, the use of existing transducer
equipment in a few chosen near-field wells also will be considered.

Groundwater grab samples will be collected from seven new opportunistic waste-site borings in
200-PO-1 Groundwater QU that intercept the water table. Opportunistic wells allow integration
with other OUs. Samples will be collected from boreholes and analyzed for the 44 COPCs that
are being drilled in other OUs. The purpose of these samples is to better define the nature and
extent of contamination and contaminant movement deep in the aquifer. The geophysical data
acquired will provide information helpful for future fate and transport modeling and help locate
preferential pathways for contaminant movement.

7.2.2.1 PUREX

A vadose zone well within the PUREX Area (299-E24-23) was drilled adjacent to the

216-A-4 Crib (see Figure 7-1). This well was deepened to 14 m (46 ft) below top of
groundwater and was sampled for the full 44 COPCs (see Table 3-3). Sediments were sampled
for geochemical and geotechnical parameters required for modeling and remedial evaluation.
This well assesses whether the COPCs have moved deep in an area known for high
contamination.

Three wells (A-2, A-5, and A-30) are scheduled to be drilled in the 216-A-2, 216-A-5, and
216-A-30 Crib areas, respectively (Figures 7-1 and 7-2) during Phase I. These wells will be
opportunistically sampled for the constituents presented in Appendix B, Figures B-1 and B-2.
The plan is to extend these wells to basalt and sample for the full 44 COPCs semiannually.
The sediments also will be sampled for geochemical and geotechnical parameters required for
modeling and remedial evaluation. These wells will help assess whether COPCs have moved
deep in the aquifer in a known area of high contamination.

The results of the data from these wells coupled with the results from the elecirical resistivity
characterization being conducted will assist in characterization of the area surrounding the
216-A-36B and 216-A-37-1 Cribs.
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All wells chosen for sampling within the PUREX area will have alkalinity and ammonium
(RCRA constituents) added to the COPCs as noted on well tables provided in Appendix B,
Figures B-1 and B-2.

7.2.2.2 BC Cribs and Trenches

A previous assessment of the capability of the BC Cribs and Trenches wells determined that the
wells chosen are accessible and producing water. Twelve wells in the area will be sampled once
using the routine SAP constituents. If any constituent exceedances are exhibited, the well will be
sampled once more. The analytical results will be reviewed from new borings where
groundwater samples are collected to determine whether added groundwater wells are needed
and to assess whether any contamination has reached groundwater. Three planned borings in the
BC Crib and Trenches Area (A, C, and E) shown in Figure 7-3 will be opportunistically sampled
for the full 44 analytes listed in Table 3-3. Additional borings B, D, C4732, and C4733 also are
shown in Figure 7-2. These are proposed by the BC Crib Waste Site OU, and are outside the
scope of this DQO summary report.

7.2.2.3 Phase I Far-Field Tasks

Far-field is defined as the areas concerning TEDF, B Ponds, NRDWL, Solid Waste Landfill,
400 Area wells, Southeast Transect wells, and the River Transect and River Corridor wells.
These wells will be used to collected data on groundwater contaminants, acquire geophysical
data to estimate vertical and lateral extent of contamination, and refine or confirm preferred
contaminant pathways.

7.2.2.4 River Transect Wells

Five existing River Transect wells were chosen for sampling and analysis. These wells will have
all 44 COPCs analyzed annually. These analyses will determine the extent of contamination for
the purposes of risk assessment along the river.

7.2.2.5 Southeast Transect Wells

Nine existing wells were chosen along the Southeast Transect. These wells will have all
44 COPCs analyzed annually.

7-9
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7.2.2.6 Agquifer Tubes

Ten aquifer tube stations (each station is three vertical tubes) will be installed and sampled along
the river (Figure 7-4). Each set of three will be vertically placed within the upper, middle, and
lower aquifer. The purpose of these new aquifer tubes is to acquire contaminant data within a
geographic area that has not been acquired thus far and is needed for risk assessment, especially
for an ecological risk assessment. Coordinates of each set will be taken and markers placed
within substrate for ease of relocating. More tubes may be added in Phase Il if the information
from the geophysical characterization suggests so.

7.2.2.7 Candidate Wells

Forty-three candidates for decommissioning wells were selected to be evaluated for sampling
utility. Any wells that are open and reasonably deep will be at a minimum logged. If the
candidate well is open and has water, the well will be logged and a grab sample will be taken
before decommissioning. If it is determined that the utility of each well on the list is available
for sampling, then each well will be sampled once for the 44 constituents listed in Table 3-3. If
any constituent exhibits exceedances, the well will be sampled once more. In addition, if the
wells are capable of being sampled, gradient and head data could be collected using a gyroscope
to quantify water-table data. It should be noted that the candidate for decommissioning wells
that have been chosen for sampling may change as data become available on sampling utility
(c.g., water availability and physical access) and as other wells are placed on the candidate list.

7.2.2.8 NRDWL

Samples will be collected to evaluate geophysical results to determine preferential pathways.
Data from RCRA wells will be evaluated.

7.2.3 Phasell

Phase II objectives are to evaluate Phase I results, including collecting and evaluating additional
data as they come in, to accomplish Phase I objectives and to conduct a baseline risk assessment.

An opportunistic well {A-7) within the 216-A-7 Crib area has been selected for analysis in
Phase II (sec Figure 7-5). Up to four new wells will be installed in the 200-PO-1 Groundwater
OU during Phase II.
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Figure 7-4. Aquifer Tube Locations.
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7.3 200-PO-1 GROUNDWATER OPERABLE
UNIT ROUTINE MONITORING WELL
NETWORK

Table C-1 of Appendix C presents the analyses to be performed on samples collected from
individual wells in the modified groundwater-monitoring well network, and the frequency at
which samples will be collected for analytical testing. Twenty-eight of the existing routine
monitoring wells will be sampled annually for the 44 COPCs.

Newly installed wells and replacement wells are to be sampled semiannually during the first year
after installation. Annual sampling is proposed for perimeter wells with stable concentrations for
several years. The sampling frequency may be decreased for wells with stable COPC
concentrations. If irregular or increasing trends appear, the sampling frequency may be
increased.

7.3.1 Additional Contaminant of Potential Concern
Monitoring Strategy

COPCs beyond those presently analyzed in the current well-monitoring network were identified
in Chapter 1.0. The implementation strategy to obtain information regarding these additional
COPCs is to sample specific wells in high-concentration areas of the plumes and/or at wells
immediately downgradient from selected waste sites. The results of the initial sampling will be
evaluated and if the COPCs are detected above MCLs, a subsequent sampling plan will be
developed. If new COPCs are not detected, appropriate wells could be sampled at 5-year
intervals thereafier depending on professional judgment. Figures B-1 and B-2 in Appendix B
present the wells chosen for sampling. These wells will be analyzed for all of the COPCs
according to the methods shown in Table 3-4.

7.3.2 Supplemental Data

The data resulting from the implementation of this DQO may be supplemented by information
from other groundwater investigations. This supplemental information includes, but is not
limited to, the following:

Sampling and analysis activities required to monitor sites under RCRA

Water level, pH, temperature, and conductivity measurements

Hydrologic testing

Dense, nonaqueous-phase liquid investigations

Quality assurance activities (e.g., Washington State Department of Health co-sampling)
» Possible research activities.

These supplemental data may be used to help refine the CSM and to provide information on
contaminant movement through the vadose zone. Wells providing supplemental information for
the 200-PO-1 Groundwater OU network and the primary sampling purpose for each of these
wells are presented in Appendix B.

7-17
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7.3.3 Maodeling Input Parameters

The modeling input parameters that were identified in Table 3-1 will be evaluated on selected
wells within the 200-PO-1 Groundwater OU. Well A-7 is proposed for drilling in Phase II. The
well is proposed for deepening, depth-discrete sampling, and analysis for the 44 COPCs. Deep
wells will extend to approximately the top of the Ringold lower mud unit, a depth of 37 to 61 m
(120 to 200 fi) below the top of the water table. The wells will be sampled at approximately 9 m
(30-ft) intervals. Final depth will be determined on a well by well basis with DOE concurrence.
Wells will be completed to screen the upper portion of the aquifer unless higher concentrations
of contaminants are found at a deeper interval. In the latter case, RL will be consulted on the
interval to be screened. The data from these wells will allow more accurate modeling of plume
movement and knowledge of the extent of vertical COPC distribution.

7.3.4 Sampling Design for Hanford Site Science and
Technology Research and Support

PNNL Science and Technology and Fluor Hanford staff are evaluating the need for samples to
support science and technology. The groundwater project is anticipating a need for the samples
described below in the contaminated groundwater plume.

A study of geochemical process involved in the contaminant plume saturated zone would require
as many as five 2 to 5 kg (4.4- to 11-Ib) soil samples obtained from the near source, middle, and
distal regions of the contaminated groundwater plume. These samples would be collected during
the drilling of proposed wells A-4, A-30, and A-5 (refer to Appendix B).

This distribution of samples would allow determination of the following:
« Retardation processes and absorbed/dissolved contaminant inventories in groundwater.

» The kinetics of solid-liquid redistribution phenomena controlling migration and
influencing potential remediation efficiency.

A combination of microscopic contaminant characterization with advanced radiochemical,
microscopic, and analytical techniques, and kinetic studies of desorption/dissolution rate will
provide information necessary to assess the long-term behavior of contaminants in the vadose
zone and contaminated groundwater at the 200-PO-1 Groundwater OU.
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APPENDIX D

200-PO-1 GROUNDWATER OPERABLE UNIT RCRA TSD UNITS

There are currently six individually monitored Resource Conservation and Recovery Act of 1976
(RCRA) treatment, storage and disposal (TSD) units located within the 200-PO-1 Groundwater
Operable Unit (OU) including the Plutonium-Uranium Extraction (PUREX) cribs, Waste
Management Area A-AX (single-shell tanks), 216-A-29 Ditch, 216-B-3 Pond, Integrated
Disposal Facility, and the Nenradioactive Dangerous Waste Landfill.

The six units are managed under the Hanford Groundwater Monitoring Project. The purpose of
the RCRA groundwater monitoring is to detect new or existing contamination to groundwater
from these facilities; to provide input to the corrective action process, if necessary, pursuant to
WAC 173-303-646, “Dangerous Waste Regulations™; and to support closure of the
RCRA-regulated TSD units. Issues relating to potential contamination of other media

(e.g., sediments and air) are not within the scope of this data quality objectives summary report.
The identification of specific contaminants of potential concern in groundwater is not necessarily
applicable for all TSD units monitored under RCRA. Facilities monitored under interim-status
indicator evaluation are required to follow a prescribed list of contaminant indicators and
groundwater quality parameters to determine if contamination has occurred. These required
constituents form a base monitoring list for all regulated TSD units monitored under
interim-status. It should be noted that radionuclides are exempt from RCRA regulations;
however, selected radionuclides are monitored to meet requirements of the Atomic Energy Act
of 1954. Radionuclides also may be used to assist in determining the source and migration of
RCRA-regulated contaminants.

One of the RCRA TSDs (PUREX Cribs) located in the 200 East Area has impacted the quality of
groundwater and is currently monitored in accordance with RCRA groundwater quality
assessment requirements of 40 CFR 265.93, “Interim Status for Owners and Operators of
Hazardous Waste Treatment, Storage, and Disposal Facilities.” In accordance with RCRA
assessment regulations, the groundwater quality assessment plans are prepared to evaluate the
rate and extent of migration of dangerous wastes and dangerous waste constituents in

groundwater from the facility. Tables D-1 through D-6 present monitoring constituents in the six
RCRA units.

D-1
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Table D-1. Monitoring Constituents for Treatment, Storage, and Disposal Umit A-AX.

pH Alkalinity
Specific conductance (field) Anions
Total organic carbon ICP metals (filtered}
Total organic halides

Phenols
Turbidiity
Uranium

Iodine-129 Strontium-90
Tritium Technetium-99

*Constituent list varies by well.
Source: Adapted from PNNL-15315, RCRA Assessment Plan for Single-Shell Tank Waste Management Area A-AX at the

Hanford Site.
AEA = Atomic Energy Act of 1954.
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980.
ICP = inductively coupled plasma.
RCRA = Resource Conservation and Recovery Act of 1976.

Table D-2. Monitoring Constituents for 216-B-3 Pond.

Phenols
Turbidiity

pH Anions
Specific conductance (field) ICP metals {filtered,
Total organic carbon unfiltered)
Total organic halides

Gross alpha lodine-129
Gross beta Arsenic
Tritium

*Constituent list varies by well.
Source: Adapted from WHC-SD-EN-AP-013, Interim Status Groundwater Monitoring Plan for the 216-B-3 Pond.
AEA = Atomic Energy Act of 1934.

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980.
ICP = inductively coupled plasma.
RCRA = Resource Conservation and Recovery Act of 1970.

Table D-3. Monitoring Constituents for 216-A-29 Ditch.

Phenols
Turbidiity

Alkalinity
Anions
ICP metals (filtered)

pH
Specific conductance (field)
Total organic carbon
Total organic halides
*Constituent list varies by weil.
Source: Adapted from PNNL-13047, Groundwater Monitoring Plan for the 216-A4-29 Ditch.
ICP = inductively coupled plasma.
RCRA = Resource Conservation and Recovery Act of 1976.

D-2
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Table D-4. Mon

pH
Specific conductance (field)

Cribs 216-A-10, 216-A-36B, and 216-A-37-1.

itoring Constituents for PUREX

B
Anions ICP metals (filtered)
Ammonium ion Phenols
Arsenic {filtered) Turbidiity
Alkalinity

Gross alpha
Tritium

Gross beta
Iodine-129
Strontium-90¢

*Constituent list varies by well.
Source: Adapted from PNNL-11523, Combination
216-A-37-1 PUREX Cribs.

AEA = Atomic Energy Act of 1954.
CERCLA =

ICP = inductively coupled plasma.

RCRA = Resource Conservation and Recove

pH

Specific conductance (field)
Total organic carbon

Total organic halides

Comprehensive Environmental Response, Compensation, and Liability Act of 1980.

ry Act of 1976.

Table D-5. Monitoring Constituents for the Integrated Disposal Facility.

Anions ICP metals (filtered)
Alkalinity Chromium (filtered)

*Constituent list varies by well.

Source: Adapted from DOE/RL-2003-04, Sampling and Analysis Plan for the 200-PO-1 Groundwater Operable Unit.

ICP = inductively coupled plasma.
RCRA = Resource Conservation and Recovery

Table D-6. Monitoring Constituent

pH
Specific conductance (field)
Total organic carbon

Act of 1976,

Anions ICP metals {filtered)
Ammonium ion Phenols
Alkalinity VOCs

*Constituent list varies by well.
Source: Adapted from DOE/RL-2003-04, Samp!
ICP inductively coupled plasma.

ing and Analysis Plan for the 200-PO-1 Groundwater Operable Unit.

RCRA = Resource Conservaiion and Recovery Act of 1976.

voC

volatile organic carbon.

RCRA Groundwater Monitoring Plan for the 216-A-10, 216-4-368, and

s for the Nonradioactive Dangerous Waste Landfill.
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APPENDIX E

RADIOLOGICAL AND NONRADIOLOGICAL
CONTAMINANTS OF POTENTIAL CONCERN WORKSHEETS



SGW-34011 REV 0

This page intentionally left blank.



JPLION[J PUE WAL 33§ apuonfj oL
X ajel)iu pue WNIIPED 325 JBNIU WNTWpe)
puod ¢£-d-91¢
puod W-101T
ynd 6T-v-91T
quD 99£-v-91T
QU 01-V-9IZ PUnoJgyoeqg pue SOYJ PISIND 519319p-UOU OIIZ PUE S192)3D
uLe] yuel Xv-v X X X 'S[[2M 79[ WO SYNsaL STy “uasaid 01 84| WO S900g Ul J0J pazi[eue 15e] WNNUpE)
SOUd PA2Xa S1I2909P-U0U 01227 pue 51392p
X X 0137 S[]3Mm 76 WO SHNSaI 616 ‘Juasald 01 g8 Wol S§a6] UL 1o) pazi[eue 1se] uclog
yeydsoyd pue YINws1q 33s IqUD §-V-91T UI 8] 000'0E 1 *yP3I81] SenpUEND ajeydsoyd ynwsig
alqe[iear
X X SO ou ‘uadou1dIed umouy B 10U () SIEMPUNCID [-Od-00T Yl 10 PIZAIRUR JON yInwsig
SHWI| MO[2q [[B SPasaxd yum s[[om ul Jutjduwres
juanbasqns g ‘puncidyreq pue sOYJ PAIIX3 §19219p-U0U [{ PUE 519313P §
X X X S[[eMm 79[ Woy synsad £ 67y ‘Wuasaid 01 g4 [ WO f9p(7 Ul fo] pazATeue 1se] wni[Aieg
puod £-d-91¢T
puod W-101T
gMmd 6Z-v-91¢T
qud d9¢-v-91¢ S Mo[aq 30URPIIDXI
quD O1-V-91C YiM {[am Ul S}NSaJ Juanbasqns ‘SN d Pasvxa SIIP-UOU 0RZ PUE 193)3]
ulef JUeEL Xv-V X X X U0 IS|[AM 69T WOJ] S)NSal 7/ ¢y JUuasald 0] g6 1 WY (9007 Bl 0] pazATeue Jse] wnueg
pued ¢-g-91¢
puod ]W-101¢
Yanda 62-v-91iz
qQu g9£-V-91Z 20UEPIIDXI U0 UBY} JIOW PRY 5|]3M § 518K ()]
QU 0l-V-912 1SE[ 31 UIYNIAM ‘PUNOIZYIEq PUB SOYJ Poaxa $1031ap-UoU [ | PUR $19318p 9F7
uue Jue] Xv-v X X X S [ WO s1nsal £ [z ‘Juasasd 03 §R6 [ WOy (9007 Ul 1o] pazA|eue s8] MUISIY
20UBPIIIXI U0 UEBY] JOW pey
S[[3M g1 SIedk (] 1SB] ) Uigliam (SO J PAadXa S109319P-UOU Z[6E PUB $10919p T
X X X S][eM 7] WOy S NSl $o7'p ‘Juasald o) §]6 [ WOY (907 Ul JOJ pazAeue jse] Auownuy
JleIpAyeucu
x 3JBlIU PUR WINUILUN[E 395 3B WnUwny
JISBQOUOLL
3jBJ]iU pUB WNURUN[E 335 djesjIu WINUMUINY
STd[ ut Blep OU SOy d
X X X OU ‘S[]am (9| W] S}NSA 5+ ¢ ‘ussard 0] §RG1 W0l ‘0007 Ul JoJ Pazi[eue J5e] WINUUNgY

(sa8ed 91) ‘1807 nou,:&om PUB S20UI3JY 20IN0G
A 9[qerad( wempunoin [-Qd-007 Y3 Ul Woouo))
[ENIUD10] JO SIUBUIWEIUO.) [E2IZ0[0TPRIUON -7 9]qBL

0 ATY TT0rE-MDS




(so8eq 91) .o«maq.ﬁomﬁoﬁoﬁ PUE S290UI0JY 22IN0§
U o[qetadQy empunolsy [-Qd-00 24} Ul Waouo))
[ENU210J JO SIBUIIRIUOY) [BdI130]oIpeIuoN '[-7 2{qeL

0 AdYH TTOPE-MDS

Jjeniu pue pea| 3ag N ey pea
pued £-9-91C
UoNd 67-v-91¢
qUD d9¢-V-912 S3URPIAIND
qQUD O1-V-91T PRy SIB3A ()] 1Se] ) UIUNM S[[3M T SOy ] PIIXAa S)031ap-UOU / [ PUB S10999P €[
uue jyuel Xvy-v X X X S]]aM 60 1 Wogy SHNsal §96° [ Tudsand 01 8861 WIS {9Q)T Wi 10] paZA[BUE JSE] A pea
3]E1)U pUE WNUEIUR] 235 N Jjeniu enueyjue|
SPIXOIPAY PUE LWNUBYIUE] 329G N IPIXOIPAY UNUBYIUET
apliony] pue Wnueyjue| 355 N Jpuonyy wnueyue|
[10s 0} punoq A[IYS1) ‘SISBQRIED V4 Ul 3|qe[leAe
X BlEp UafouldIed 10 AUSIX0) OU (1) JARMPUTIONN) [-Od-007 Ul 10) pazA[eue JoN N wnueyjue|
puod £-d-9i2
pued W-1012
4N 6¢-¥-91¢
quD 99¢-v-91C
QU O1-V-91T UOTIBN[BAD SANRIIN[R UCHIE [BIPIWAL 10} JueHodiul 3q Aew Ing ysii ou sasod
wre yue] Xv-v X X uon mm__ug 01 WO SHnsad N.vm.._q Jﬂumm.a 0] 886 [ LWOIJ nQOON ul Ioj Uuthmﬂa 15B7] N uolf
SOYYd P999%3 §10219p-U0U QI3Z pue
X X §10313p 0IaZ :S[[aM § WO S)NS3I § ‘£66] 01 836 WOLJ £/ 66T UL 10] PAZA[RUR IS8 N WINIUOILA JUI[BABXIY
STl Ul BJep ou 3|qereAR DY OU (O 121eMpUnoIny 1-QOd-007 Ul 10] PIZA[RUE JON N pion
dJBJ|NS pUE U0l 395 N ALY NS sNOMS ]
X JeJINS UL UOIT 335 N djeLury|nNs sNOLIJ
X IpIUBAD pUB UOLI 22§ N apruedaoLn g
3JE4IU PUB UOII 33§ N 2B 21113
{STM1) uaBouIdiEd UBUNY UMOUY € J0U (S0 J PIdXa $12919P-UOU 0J9Z pue S10319p
X X X 0137 S[[2M 701 WOIJ S)[NSAl 67y Yuasard 0) §86 1 WO (gQQZ Ul 10J pazA[zue Ise] N Jaddoyy
S3P1OTUOIPEL
Iapun paapisuod juauoduros aAnIROIpEL ([T UI BIED OU (jge|IBAR SO
X X ou SS[[am (91 W0y SINSAL 7104 Wasad 0) gRg [ WO (9007 Ul 10} pazA[eue J5e] N 1eqoD)
puod £-4-91¢
Puod W-11T
0ndg 6T-v-917
quD 996-vV-91Z
qQud O1-V-917 SNYYJ P3oXa §10213p-LU0U 0I3Z pue 510319p ¢/ |
ulie] juel, Xv-v X X X S|[eM 70T WOH SHNS3I 7'y Wesaid 0] 8861 WO (9007 Ul 10] pIzA[eue 3587 A wniwoIy)
ST Ul BIep ol (O[QB{IEAR ST OU (10O J9IBMPUNOID) [-Od-00T W 10} PaZA[BUR 10N N wnEa)
2)BJ[NS pue WNLIAD 33§ N

MEY[NS I0L37)




(seSeq 9[) OIS0 UONIULIAY pUR SIIUIRY 22INOG
iy 9[qerad() REmpunoir) [-QOd-007 241 Ul Waouo)
[eNu2)0d JO SJUBUIWEIUO,) [BIIFOJOIPRIUON “[-H d[¢eL

0 ASY TT0Fe-MDS

wnuaas 2ag N 2PIX0113) WNIUI[AS
puod ¢-4-91¢7
pucd W-101¢
Yo 62-¥-91¢
qu) 99£-V-91T 123]13p-UOU 313 SIOUEPISONI INQ ‘IDUBPIIFAI 30O URY)
qu) 01-V-917 2101 PRY [[34 JUO SIBAK (T ISB] 2} WIYA S0 J PA23X2a §102]9P-UDU || PUE 519933p
e YUBL XV-V X X X 0J9Z IS[{9M [()] WO SINSI 7L 1 Wasaud 01 §g61 WOIJ (9007 Ul 10] pazA{eue jse] N Wnuajag
puod £-9-91¢
YaUg 67-V-91¢
QU 49¢-¥-91T
quUD 0I-¥-91¢ SIY{ w eep ou ‘ped [e130[01pRS §)1 S PAIIPISUOI 3q [{LM t3]qe|leAe
ule ] Juel Xv-v X SO OU ‘S]|PMm 7L WOy SINSII GRS “SO0T 03 86| WOY (60T Ul 10 pazk[eue Ise] N wnipey
areveSueunad
X assuefuews pue wnisselod sag N WAISSEI0g
aje[ex0 pue wnisselod 235 N JJB[EX0 WNISSBIO]
X apixolpAy pue wnisseyod 205 N 3PIXOIPAY WINISSEI0
spuony pue wnissejod aag N SPLION[J WNISSEI0d
SIUAN}IISUOD SAIIIEOIPEL Y1IM palaaod Jusuodwion sanseolpel Ssu yieay
X X oU ‘s][am 0] WOIJ SINSaL §6¢y Juasard 0] §g41 WO ‘90T U 0] PIZA[BUE 1587 N WINISSeI0g
alenIu puE [ay2IU 23§ N 2)BNIU [3YDIN
2UBPIIX
3UO UBY} 310U PEY |9 2U0 SIB3A ()] 1SB] U3 UNPIM SO J PIFIXA $10913p
X X X -UOU 0JIZ PUE SI9J3P  S[]9M 9 [ WOY SYNSA 07y (900 Ul 10] pazh|eue 1se A [B¥IN
SO PFadX2 $)32)9P-UOU OIIZ PUR $}0313p
X 013Z ‘S[[3M 09 WO SINSAI [0S ‘6661 01 8861 WOL 6661 W J0] pazAjeue 1587 N WINUApgA[oIg
3)B1U pUE AINDIW 32§ N JIBIIY 2LINIIA]
pucd £-9-91¢
URIJ 62-¥V-91C
QU d9€-¥-01¢
QU 0]-V-91Z SO Po2OX3 §10919P-UOU 0I3Z pue §19213p
wie,] JUel XV-V X X X 0I3Z :S|]am 7O WoLJ sINsal 28/ T ussaid 01 8861 WoLJ o0z Wl 1o pazi[eue Jse] N Amosap
puod ¢-€4-017
puod W-101¢
YNKJ 6Z2-V-91T
QU g9¢-v-91¢C
qud G1-V-917 SO PaRoXa §10319p-U0U 0I3Z PUE $19313P §
e JUBl XvY-V X X X S[[3M $O ] TWOY SYNS2I §67°F ‘Juasasd 01 886 WOIJ (90T Ul 10§ Pazh|rue 158 A asaueSuey
Jqe|ieae sUd
X X oU S[[3M O] WOY SHNSAI G/ €' ‘Juasaid 01 §861 WOIJ (gOp7Z Ul J0] pazZA|BuUR 5B N wnsauFey]
S| Ui BlEp oU ‘3|qe[ieae
X X X SO OU $S]{9M GO WO SYNS3I 76 ‘6661 01 886T WO ‘66T Ul 10] pIZA[eue 158 N Wiy




aleydsoyd pue wniuoonz 3ag N X aeydsoyd [Auooirz
WNIUOMNIZ 398 N X 3pIX0 W07
sansadoad 51x0) 10 HUATOUIDILD UMOWY OU SS[qB|IEAR
SO d OU S[[aMm 0/ LWOL] S NSAL STS ‘0661 01 886 W0 (066 Ul 10] pazA[eue 1se] N X WNWOIZ
SO PIFIXI S19919p-U0U OJIZ PUR S0P T
qu) g9£-V-917 X X X 'S|[am £9] WO S)NSA G67 Y ‘Wuasasd 01 884 WOy {907 Wl I0] pAzZA[RuE 158 A X w7
SO d PaaoXa 5109]13P-UOU 019Z PUE $1331ap ([
X X X 'S|{am €0 WOl sNsal 67y ‘Juasard 03 Rg4[ WO {90QZ U 10] PIZATRUE ISE] A X X X wInipeue A
puod W-101¢ SJUDMIIISUOD 2A110B0IPRI I3PUN PIISA0D OS[Y (20UEBP3IIX3 JUO UL Al0W
QU 01-¥-91Z Pey S[[am g sIeaA ] ISB] AU UIIIA (SO PIdIX3 S102)9p-UoU 0I3Z PUR S19313P 6T
ULIB] JUEL XV-Y X X X S[|am 771 W0 S)NSA 786 ‘1uasaid 0) 86 [ WO (9p(T Ul J0J PIzA[euR ISE] A X X wnruely
umsSunj 335 N X IProaR) unsuny,
X STY] Ul BIEP OU 3[|qB[IBAR SDYJ OU [} JIBMPUNOID) [-Od-00T Ul 10] PoZA[RuR JoN N X uags§uny
S[{] Ut Bjep ou '3[qe[teae SO
X X O S[[am G WO SI[NSAI O/, “uasald 01 861 WO (90T Ul J0] PIzA|BUR 15 N wniueiy,

SO d PaaoXa 5123]ap-Uol 0J3Z PUE 510913p
X 0157 S[]aM 6 WK SINSI 0L6] ‘000T 0 8261 WO ‘00T UL 10} pazA[euE Ise] N X ur,

30UEPR2DXA BUO UBY) 3JOW
peY S[[am ¢ 5183 (T 1SB] 1) UIYIM SO PA3IXD $)03)9p-U0H H6i PUE $13313D 6
X X IS[[am 97 WOIJ SHNSAL g6 uasald 0] g4 [ Wy i900g Ul 10) pazi[eue 1se] A wnieyr

)SH YIjesy OU ‘S1uaniISucD aATIovolpel Iapun jusuoduwos
2AnoroIpel ‘uauoduod [eadojoIpeIuol S0y PAdXa 5193)8p-U0U 0I3Z PUE S10919p

X X 049Z S[[AM §G| W0U) SJ[NSAI 636°7 uasald 01 g6 1 WOy (90T Ul 10 pazA[euR jseT] N X wnnuong
puod £-€-91¢
puod N-101T
UaNa 6T-v-91T
quUD g9¢-V-91T
qu) §1-¥-917 SIU3N]NISUDT ANOEOIPES JAPUN PAIBA02 JUSUOdWI0D SAIIROIPES “YSUE By
ued que], XV-V X X OU ‘S[[dM O] WO SYNSAI §6¢°p “Juasaid 0) g6 WONJ ‘90(7 W 10§ PIZA[RUE ISE] N X X wnipog
21BI)IU PUE I2A|IS 90§ N X 21BN JRA[IS
puod ¢-d-91T
pudd W-101¢
U 62-V-91Z
qud g9¢-v-91i¢ 23UEPIIIXI U0 UBY] JIOW
qud 01-V-91Z pey S[1am 0132 S183K () IS8 AU UIRm (SO J PISIXD S19913p-U0U 0I9Z PUE 1013p
wie  yuel Xvy-v X X be au0 s|am $O[ WOJJ S NS 7/ 7 “wuesaid 01 §861 WOIJ f900T UI JOJ pazZA[eUE 1587] N X 1A
UodI{IS 399 N X 2PIXOLI} UODL|Ig

SII Ul BIEP OU {9]qe[IeAR BIEp Sulu2aIs
X X oU ‘S[|am 97 WO SINsal g, Wasard 03 886 WOY ‘900 Ul 10} pazA{eUR I5E7 N X uooLIg

mmowum Q1) O30T UONUIIDY PUE SIIUIDIY 32INOS

;N 9[qeredQ 1vrempunoln) 1-0d-00g 9Y1 Ul WIdouo))
[enusio Jo syueulluejuo)) [eoiojolpeIucN ‘- 9[qeL

0 AHY 110vE-MDS




Ammm,mm 9]) 91507 UOIU2}Y PUE SOOUBIBJOY O0INOG

SNy OU S[|aMm £§ WL SINSAI €69 JUasald 01 8861 WOIJ (9007 Ul 10] PazZAjeuE 1587

) 9jqerad 11eMpUNOID 1-0d-007 SY) U UIIdU0))
[enua)od Jo syueumeiuo)) [earSo[oIpeItuoN ‘-7 9[qe],

0 AFY TIOVE-MDS

310U PUB WNIPOS 20§ N 2IT WNIPOS
2)EMIIU PUB WNIPOS 335 N [ WNIPOS
IPIXO0IPAY PUE WNIPOS 335 N BPIXOIPAY WNIPOY
3pLION[] PUB WNIPOS 33§ N apuon[j wWnipog
3pIUBAD pUR ‘UCI WNIPOS 329G N 2p1ueAD01IR] WNIPOS
WRILIOIYY pUE WIRIPOS 39§ N 2]BWIOIYDIP WNIPOS
2JEUOQIED PUE LUMPOS 39§ N 2)RUOQIED WNIPOS
SPIWOI] PUB WINIPOS 39§ N 2JEWOI] WNIPOS
21BJ|NS PUEB WNIPOS 338 N 21BJ|NSIq WNIPOS
aeydsoyd pue snioydsoyd 29g N aprxojuad snuoydsoyq
SO d PAp29X%2 §192)3p-UOU 013Z pUE
}39)9P SUO I[|3Mm SUC WIOJJ JNSad 2uo JusaId 0) 8861 WOMJ L9661 UL J0] PIZA[RUR JsBT] N snuoydsoyd
aeydsoyd pue snicydsoyd 235 N ptae ouoydsoyd
STl W
BIEp OU ‘9[qe[IEAR BIRp SUIUIIIDS OU (O IRMPUnolD [-Od-00F Ul 10] pazA[eus 10N N ploE s1poLad
JJELIU 335 (N I2IEMPUNOID) [-Od-00Z7 W J0] PIZA[RUR 10N N proR oLIUN
Shdrut e
BIEp OU ‘Q]qE|IBAR RIEP SUIUIAINE OU () JIEMPUNOID) [-Od-00T UL 10] pazAjeue JoN N SUNUBIAXCIPAL]
Srdra apuIo[y201pAYy
EIEp OU ‘D]qe[IBAr Blep SUIU33IIS OU (O JAEMpUnolny [-Qd-00Z Ul 10] pazZA[eue JoN N sunueAXoIpAY
S ut
BIEp OU ‘d[Qe|IBAE BIep SUIuaalds ou () I3BMpUNoID [-OJ-00Z Ul 0] PIaZA{eue 10N N apixosad uaFoupAy
apuonyj 23§ N pIoE SLIONJOIPAH
SpuoYD 298 N PIoB oLIG[Y20IPAH
IpILIOI] 32§ N PIoE dI0JQOIPAH
122]3p-UOU B SBA 3DURPIIIXA Jeuf) INq ‘IOUBPIaoX2 AU
UBY} 2101 PEY [[2M U0 SIeaK ([ ISB] 91 UM SO J PIaoXa §133)ap-UOU [ 6¢ pUE
4ond 6T-v-9I1T S10919P 7 S[[M L9 WO SHNSAL [T 10T O} 8861 WOL (1QOT Ul 10} pazA[eue 5] N surzeIpAH
JeLIU PUR WNIUOWIWE 335 1q1Y §-¥-01T ul 8 00007 -yPIST] sannuendy N 2JeIU WNIUOW Y
puod €-4-91¢T
AU 67-V-91T
quD g9¢€-V-91¢T STI Ui BIEP OU “9[qe{ieAe
ued YUl Xv-v SO OU §||9M §g WOIT $I|NSI £08 ‘6661 01 8861 WO ‘6661 UL 10] pAZA[RUR 158 N Uo! WNUoWLY
apIION[} PUR BILOLIE 33 N 3pLION] WNIUoWILY
2]BUOqIeD
PUE WOIUOWILE SE PIIIPISUCD ‘qHY [Z-V-91T W 5 000001 :PRISL] sarpuend) N 91BUO(IRD WNTUCWIWY
{S1) ANauaSoualed 0] 33UIPIAD PIJEN[RAD 10U SBY VJT ‘S[qR[IEAR

BIUOWIIY




mmuwwm m.: 21307 uonjua)aY pue moozmbmom o.&:om
9N opqeradQ) pjeApUNOIny [-Od-00T 94} ul WddUo))

enusiod Jo SIUBUIUIRIUOY) [EIISO[OIPRIUON “[-H S[qBL

0 AHE TTOYE-MDS

SIYI Ul BlEp OU ‘a[qe[leA.

X SO OU ‘S[|am {6 Wok] synsal £z 1 Wuasaid 03 861 Wod) (9((g Ul I0] PIZA[EUE I5E] N JUOUEBXIH-T
SNYd PFoX3 19913P-U0U U0 PUB S1313D

X 013Z S||am 76 WO s)nsal L7 ] uasaid 01 g8 Wl (90Qg Ul 10] pazA[eue 1se] N jouaydosoyD-z

S d PRR9X%9 $193]19p-UOU 0J3Z PUB §193)3p (suoiay My

X X X 0I3Z :S[[am g WO SYNSA L] “Jussald 01 §R¢ 1 WOl ‘g0Qg W 10§ pIzA[eur Jse] N [Apey) suoueing-g
SINI Ul Jep oU 3{qE{leAr

QU 01-V-91T X SO U 'S|[2M [ WOL S)NSIT £9 *0661 01 8861 WO {0661 Ul J0f PazATeue Ise] N Jouding-|
3JUBP23IX3 U0 URY) L0

peY S][9M 0197 S13A ()] 1SB[ 3] UIYHM SN J PI0XD §103)9p-UCU Z6 PUE S}d10p [oyoafe

X X 0I3Z S|[oMm &8 WO SHNSaI [ £5 uasaxd 01 Y841 WOL G((Z U J0J PIZAJRUE ISE] N [AIng ‘Joueing-|
$199190-U0U 213/ SIJUBPIIHXI INg DIUBPIFIXI SUO UL
2J0W PeY S{[2M § SIESA () 1SB[ Y] UILIIM (SN d PI22X3 5199)9P-UCU 8¢ PUR S1319p

X 0I3Z :S[Jam {7 WOJJ S)[NSal ££9°T Juasald 0) g6 WOIJ 9Q(T Ul JOJ PIZA[RUE J5E] N QUIZUIQOIOYIT-H' |
(SIAD uaSouraied umouy € 10U (3|qE|IBAR

X SOV OU ‘S[jam 8 Woly SInsal 7oz “uasaid 0] §861 WO (9()z Ul 10] pazA[eue jsu7] N AUAZUIQOIOYONT-C |
J3UEPIIIXI JUO UBY) 2IOLW
PEY S][oM € 57894 ()] ISB] SU) UIYHM SO Pas0Xs $103)ap-UOU 664 PUE §10913p /,

X X X S[[am g1 WOy synsal O[] ‘luasaid 0] §861 WO (900 Ul 10 PIZA[RUE 1SB] A JUeYIOIO[YIKT-T°|
SO PIAIX2 5102)3p-U0U 0132 pue $133)13p

X 0157 :S|[am g8 WO SYNSau Z¢g “Jussaid 0] §gg 1 Woy (9007 Ul 10 PIZA[BUE ISET N AUIZUIQOICIYIKT-T |
SN PII2XI §)I19P-UOU 0J3Z pUE $103)2p

X X 019Z S[[3M 6T [ WOl SINSa1 Ofy’ | ‘wuasald 0] §g6 | Wog (9QQz Ul J0J PazAjeue JsB] N SURYIAIO[YILT-T]
5129190-U10U 313M SIIUEPIIIXD 1N( ‘BOULPIIIAI BUO UBY]
2I0W pey S[[am ¢ S12ak (3] 1SB] AU UM SO PIdoXa S19)9p-Ucl ¢/ ¢ PUB 5)033p

X X 0I9Z S[[am (T Woy sInsal [g¢°] uasaid 03 §861 WoLJ {90(g Ul Jo] PIZA[eUER JSB] N JUBYIS0IOMYILLL-Z 1]
JIUBPIAIAI JUO

ugy) alow pey s[[am 7 sIeak (] ISe] ay) UnpLm S04 PIIdXa Sjo9ep-uou /£ £7 pue 3ueLI0I0[YIeIR],

X X 10912P QU0 IS][am £ 8 WO S)NSaI (4T “Juasald o] §84T WO ‘907 10] pazZATRUE ISB] A 1
SO d Pa9Xe 512319P-U0U OJIZ PUE 123]9p

X X 0J3Z S[]am 67| WO S)[Nsal 7S] “Juasaid 0} §841 WOLJ ‘9nQT Ul 10] pazA[eue Ise] N AUBYIS0IOMYOLIT -1 1|

5 pre -M £

X apiueAd pue Injns 395 N JeuRAI0IY L
S|l ut

BIEP OU ‘3|qR[IRAE BIEP SUIU2AIIS OU ‘1) I9JBMPUNOID 1-Od-007 Ul 10f paZA[eUE JON N injng

X [[2M 3SI3AY 9-€-91Z UI 8 00001 *yP3s1} sannuenb 13jgpns pue 1nj|ns asg N ploe anny ng

INJNs pue ‘azej[ns wripos 39g N PLoB JIUIenNg

INJINS Pue ‘21BJ[NS ‘WNIPOS 33§ N 1BJ[NSOIY) WNIPOS

N 21eJ[NS WINIPOS




gtopne

1

STH[ Ul BIBP OU ‘3[qE[IeAR
X X SDOUJ OU {S||3Mm g WO SINSAI g£g uasald 01 86| W) S9o(g Ut I0] pazA|euR 1Se] apekd Ay
SN PRI0X2 $}03)3p-UoU 0I3Z pUE
X X §]02)3p 0JIZ S[[aM Gf WOJJ SINSI Z6 ‘0661 01 8861 WOY ‘0661 Ul PIZA[BUE JSB] 10413 suajAyig
S d Pa2oxa S10919P-UOU 0I3Z PUE S1031ap
X X 013Z° :S[[24 0| WO SYNSA H6 Jussald 031 §361 WO ‘9007 Ul 10] PIZA[EUER ISBT auazuaqAyg
SId] w BlRp OU 3|qe[Ieae
X X SO OU 'S|[aMm fp WONJ S)NSAI 76 ‘0661 01 8861 WON] f966[ Ul 10f pazA[eue 5] [oueyg
23UEPIIOXKI JUO
UBL) 2I0WL PBY S|[34 013Z SIBIK ()[ 1SB[ AU} UIYIM ‘SO PIFIXI §19919p-UOU ()7 pUE
X S)22J9p 019Z S[[3m { W] SINS3L ()T ‘9661 ©1 8861 WOL 966] UI 10] PIZA[BUE Jse] 12432 JAYRIT
S0 d PAaoxa §12219p-L0U 9] PUE 13213p Jueyawl
X 2UO0 S|[9M £Q WIOY S1 NSt $(7 Wuesald 01 §RG] WOy 900 Ul J0J PIZABUE JSE] ~QIO[YI0LLOIqL]
AJ[e1ouag ale sasea(al pauuridup) ‘pajussald eiep ut A3oixo1 oN {(STY[) usSouraies
uewny B s punodwod siy} pajenjeaa 194 jou sey yv4q {/USNIIISUOD SIp Ioj
X X Pa1e0o] aq ued sannuenb uo vlep ou {10 JAIEMPUNOIN [-Od-00T B! 10} PazAJBUR JON 2UOUBXAYO[IAD)
{SId[) usBouates uBwny wmouy
X € JoU ‘3|qE[IBAR BIED SUIU3AIIS OU {[() JATempunoln) [-Qd-00g W 10§ pazi|eue 10N AUBXAYO]IA)
SO U PP9OXI $199]9p-UOU 0IIZ PUE S139)9p SUD]ALPA0IC| YD1
X X 0I3Z S[[24 §7 WO 5INS3L Z10°] ‘Iuasaid 01 §g6[ Woy (9oQg Wl 10 PIZA[BUE JSE] - 1S
90UBPa3IX3 SUO UBL
2ICWL pRY S[[aM 0I3Z 1B ()] ISB] U} UTYHM SO PasoXa §103]ap-Uol 7 PUE S103)3p
X X X 010Z S[Jom 67 WO1J SINSAI 6] Tuasaid 0] §g6[ WOLJ {0007 Ul 40] pazk[eue 157 ULIOJOIOYD)
20UBPIIIKD HUO UELY) D10W
PRy S{[om £7 S18aK O] 1S[ AU UNm (SO J PAadXa $123]3p-U0U £G9 PUB 519319D 68
X X X S[[oM 71 WOH S NS 96%° | “Nasald 0] §86 [ WOl (900 Ul 10 pIazA[eUE 1SB] IPLIOIYDENI] UOQIED)
S PI20Xe $102]2p-UOU 0IIZ PUE §303]9p
X OI9Z S[]3Mm £(] WO SHNSA 060 Wasaid 0} g84 [ WO (9Q0T Ul 0] paZA[RUR JSB] ApY[RSIp u0gIE))
SO P332X3 §19313P-U0U 87 PUE 19319p sueyawWw
X U0 (|34 £0 WO SINSAI T “wuasald 0} 8861 WO ‘900z Ul 10] pazAleue Jse] -0IO[Y2IpOIONg
JDUEPIIIXDI JUOC UBL) 210W
PEY S[[34 § SIB3A ()] ISB] Y] UIYIIA SO PA29X2 §)09)3p-Uol ()gp pue S}03jJap £
X X X 'S[1oM RZ [ WIOLJ SINS3I ZHH | “Juasald 0] 8861 WO (9007 Ul 10] PIZA[BuR ISET] auazuag
(S1y1) uaSourares uRlINY UMOLY B JOU fafqe[ieAr
X SNUJ OU SS[[am §f WOy SYNSA O 7 “Wesaid 01 9861 WO “9p0T Ul 10J pazA[eUR 15E] AUy
] P399 §109]2p-UOU 01IZ PUE §)93)9P
X X X 0137 S| (] | Wol) s)nsal g7/ ‘juasald 01 gg6 1 WO S0p07 Ul 10] PIZA{BUR 1587 auoPRIVy
S[Y] UL 2IBp OU (3|qR[IBAR SDYYJ |JouaydjAyiaur
X Ol 'S|[M 7 tOIJ SINSAL ¢OT'T Juasald 01 R84 T WO ‘9QQOT UL I0] PAZA[RUR ISR -¢ 0JOY3-f
Vdd A9 pamalaai Suiaq pIezey Yieay [qe[ieA® SO {ouoxay) auoueiua
X X X OU s[pam g | WOJJ sJ|nsal gy “uasasd 0] g6 Wodf ‘9007 Ul 10] pazA[eUE 1sB] ~T AN
S Ul puUncj BIep OU ‘2]qE[IRAE (joyoore
X X SO OU ‘S[[am (7 WO S)Nsat [7 “Juasard 01 6] Woif (5661 Ul 10] PIZA[BUR ISBT] jAdoados)) jourdord-g

up) 9[qerad() 12empunolr) 1-Od-007 241 Ul UIdduo))
[eENu2l0{ Jo sjueurejuo)) [esidojorperuoN {-H d[qelL

0 AT TTOPE-MDS




30UBP22IXI JUC UBY) L0
DRY S[[9A (O S189K ()| ISB] 24} HIYNM SO PIITXI SI00J0P-UOU £]¢ PUR S)IIIP L0

:S[[am g7 1 WOY S}MSIL ZHp° | ‘Juasasd 01 §R6 1 WOl o007 Ul J0] PIZARUE 1527] aUdYIOIO[YIBNa ],
5139)3p-U0U 31aM SIOUBPIIIXI NG ‘IDUBPIIIAI JUO URY)
aIowW pey S[[am g SIBaA (] ISB| 241 UIGIM ‘SN Pas0Xa S$103)aP-Uou /(| PUE $13313p
0I9Z IS[|9M p§ WOy sinsal £7] ‘uasald 0) §R6 [ WO (90T Ul 0] PIZA|EUR ISBT UAIAIS
S0P d PAIdXD §199JP-UOU-013Z PUE §103}ap
013Z :S[[2M TO WO s}nsal g7 ‘Wasaid 0] 886 Wl ‘907 Wl 10] pazA[eur ise 3udIkg
STl Ul BiEp ou ‘d[qejieAr sOYUJ [ouaydjAyiaw
ou s[am 76 WO SINSal GOZT Tuasa4d 0} 8861 WY ‘9007 Ut 10j pazk[eue 158 -Z-onug-9'y

4319101 J0J ST Ul BIEP OU J]qe|IeAR SOYJ
OU ‘5][am 76 WO SINSAI g1 °] uasaid 03 8§96 WOL ‘9OOT Ul 10] pIzAjeue Ise]

[ousydonin-y

Sry[ ur eep
OU $3[qR[IBAL SO J OU ‘S|[9M L8 WOL T [ ‘| WO S)NSal 19007 Ul 10 pazA[eue 158

JouaydoIoyoI(-9°7

SIHI W1 BYEp OU ‘J[qe[mear
SO Ou S[[em Ly W0y 1§ juasaud 01 §g6 [ WO ‘9007 W 0J pazAIeue Ise

[ousydoniurp
9y 1KXYo AT

S}09)9P-UOLL 213 SIDUBPIIIXA INQ FOUBPIIIXS U0 UBLY 2I0W
PR S|[PM ( SIEaA ([ 58] SUY) UILILM SO} PIIOXI SI00)IP-UOI 9 PUE 513319p
019z IS[[am 76 WOY SINSAL G| ‘] Wuasard 01 §86 [ W0y 900T Ut J0j paz[eue 15e]

[ouaydoIo[ oL -9°¢'T

SO J Pa29X3 5103)3p-U0U 0IZ PUE $139)0P
097 S[[3M [ 6 WO SNSAL )L ‘WUsaId 0 8861 WO ‘90T UI J0] pazi[eus 1se7]

[ousydoso|yoLL -7

puod ¢-g-91¢
pUuod-W-1012
Yo 62-v-91¢
qud d9%t-v-91¢
QU OI-v-91T

unej yuel Xv-v sjouayd ageredas 1oy Supzdjeur £q pataro)y s[ouayd
SO Pa99Xa 510910p-UOU 0137 PUB 5103)3p
019z S[[am /O] wol synsat £¢] uasasd 01 §841 W0y (900z Wl pIzA[eut j5E7 [ouayd

25URPAIIXI UC UBY) dIoW
PRY S|[aM PG SIEDA Q] ISE| 31 UIYILM SDYJ Pa3oxa SI0013P-U0U RZ [ PUE $12313P 9
'S|19M b6 WO SHNSAL H6E° [ Yuasald 0) 8861 WO {9pO7 Ul 10] pazA[euR Jse7]

[ouaydotojyoriuad

SO P232X3 §10913p-UOU OIIZ PUE $10212p
0197 IS[[aM LG WO SYAs 9§ Yuasaid 0] §8G WOIf f9Q(7 Wi I0] pIzZA[eue i5e]

auspeyiyden

20UEP2IX3 U0 UBY) 310U
PRY S[[oM T s1eak (] 1SE] 9y WYIM ‘SOYJ PI2IX2 S13339P-UOU €[ | PUe S123)3P 77
S[[9m 6T WOL SHNSAL 9gp* | “Wuasaid 0] 86 WO 190QT Ul 10 PIZATRUE 15B]

IpUIO|Y2 FUSAYIR N

§10319P-U0U 2194 SIDUEPIIIXAB IN “30UBPIIIXI U0 UBY)
2I0W pBY S[[aM T S183K ()] 1SB] U] WIYHA ‘S0 J PIIXI §19313p-UOU § 17 PUE 515919p
OIOZ S[[2M 9% WOl S)Nsal g£7 ‘Tuasaid 01 gg61 Wol (9007 Ui 10f pazA[eur jse]

(pueylowosoyn)
apuoIyd [AIa Iy

'©2d0D NO 1-UN-00T & Se paisi| ‘uajourares
uewny 31qissod € S $151 ¥ (10 12EMPUNoID) 1-Qd-007 Ul 10] pIZA[EUR JON]

auexay

SO d Pa20X3a 5129]9p-UOU 0l2Z pue 512319p

<

IpAUapjELLIO ]

(sa8ed 91) .owwoA UONUS]IY PUE SIDUDIAJIY 20O
:up) 9[qeaad( Isrempunoin) [-0d-00z Y1 Ul Wsouo))
[BTIU210J JO SJUBUIUIRIUOC)) [BIISOOTPRIUON |- J[qBL

0 ATY 110FPE-MDS



SO J P229X2 539313p-U0U 0I2Z pue

X SJ09)9p OIIZ ‘S||am ¢ UI SYNSaI ST “000T 01 8861 WO 1)OT Ul 10] PIZA[EUE IS N JousydiAysaui-¢
§661
WO SBA 10319p AUO YL, 19913P-UOU SEM 3IURPIIIXI JNQ ‘30URPIIIXD JUC UBL)
310Ul PRy [[aMm SUO SIEIA ([ 1SE| 2U) WIYNM S0)YJ PIOX3 §)0919p-UOU (] pUE 10313p [ousydonuip-g'y
X SUD S||2M YR WO SINSA R ¢ | “Wasaid 05 g6 [ WO ()T Ul 10] PIZA|RUR JSB] N -|Aing 29s-7 qasoul(]
S[AI Ut B1Ep Ou '3|qe|lest SO
X X Ol ‘S[[2M 0 WOLJ SIfNsaI 622" | ‘Tuasaid 01 886 [ WY (9((T Ul J0] pazATeus Jse| N [ouaydomn-g
SO d Pa29xa §10313p-U0U 013Z pue 513919p (josal>
X 0137 S[jaM g/ WO SINSAL (O¢R “Iuasad 01 8861 WOY 190)T Ul JO] pazAjeue 158 N -0) [ousydjAyaw-g
SOy d PaaoXa S109]0p-Uoll 0IJZ pue S10210p [ouaydoio[yoein
X 0137 :S||3aM 0 L101] SHNS3I £ 69° 1asald 01 9861 WO 9OOT UT 10 PIzh[Bue 1587 N 9P CT
SOYd PFITXI $12919p-UOU OIIZ PUR S)OA)IP
X X 019Z :S[[2am ¢/ WOIJ S}NsaI ¢Z7 ‘Juasard 01 g6 | WOy (9007 Ul 10} pazA[eue I15E| N JUIN[OIOLIUIP-H'T
SIYHd PA9IX9d S19319p-U0U 767 PUB 103)3p
X X JUC S[[eM T WOY SINSAI gp[ [ Guasaid 01 gg6[ WOY (GOOT Ul J0] pazA[eue 15e7] A [ousydonmuig-+°z
SO PRI0X3 12919P-U0U OI3Z puUe §12313p
X X 019Z S[[3M §g WIOIJ SINSAU 1 [°] Yuasaid 0} §g6 [ WL ‘9007 Ul 10] pazi|eue jse] N rousydAgaung-+°g
a-vz ‘proe
SO PA29X3 §103)3P-UCU OI3Z PUR §1I213D anporAxouaydoo[ysiqg
X 0I3Z :S[[9M G/ WO S)NSAI 679 ‘COOZ 03 8861 WO SGO0T Ul 10] PIZATRUE JsE] N +T

20UBPIIVXS JUO UBL} JOLLL
PBY S[[9M 019Z SIB3A (] 1SB] 2Y) UIYIIM (SO PIFIXa §199)9P-UOU 0LZ PUR J23J0p
X aUO S[[PM g WO SINSA 967°] uasaud 0] 841 WO (9(QZ W 10] pazA[eus 1se N teuaydolo[yaiq-+'z

X x 013Z :S|[aM |Z[ W04 SRS ZGT' [ Juasard 01 8861 WOy 19T Ul 10f pazd[eue 1seT N ([e101) sauRAx

JDUBPIIIXD U UBLY) 3I0UL
PRY S|[3M (O SIBAK () 15T U] UM ‘SO J Pa2oxa §10313p-UOU ¢ PUE §319919p

X S[[am 07 | WO S)NSaI 7/ T “uasand 0] §861 woy] f9Q(7 U 10] pazZA[eur 1ser] A JpUOJY? [AUIA
SO PA99X9 S19919P-UOU OI3Z PUB §5193]3p susylawolon]y
X X 015Z :S[[oM 6/ WOY SYNSaI 17Z ‘uasaid o} g5 1 WOl (8007 Wl 10] pazA[eue 1se] N -QUOWOIO[YDLL],

20UEBP232X2 UEY) 210w
PeY S[[2M TE SIB3K (0] ISB[ 3YI UIYIM ‘SOYYd PIodXs §199)3p-UOU 6O PUE S10910P 9L

X X X 'S[[9M 6T | WO SHNSAI Y | Yuasaid 01 §861 Wod ‘90T Ul J0] PIZATRUR 1SE] A QUAPS0IOTYILL],
QUE(IP0IOYILIL-Z ‘| PUE SUBYJAIOYIUL-[ [‘] SB Palapisuo)) N X JUBRYIS0IO|YDLL],
SO J PI29X3 510919P-UOU 0JIZ PUE §133)ap QUITAYIOIO[YMN(]
X X 0192 :S[[oMm £ | WO SIS g67° | uasald 01 8961 Wo 900z Ul 10§ pazijeur 1527 N -7 1-suen
SO d Paadxa $193)3p-UoU 013Z PUE S]03Jap
X X 010Z S[[om 7 [ W) SINSAL ppp' ] IUasaId 01 86| WOLJ (900T W 10) pazAfeus ise] N auanjog,
SIA1 Ul BIRp ou f3jqe[IRAR SO
X ou ‘Sfjam €0 WO SNsal [O ‘Juasaxd 01 61 WO f9O0T UL J0J PIZA|RUR ISET] N ueinjoIpAyenay,

i
T R 2 33
-

...... : V " . e

A

(sa8eg WC 21507 co_?ogom pue moonuhmow oo..&om
s 2jqeiadQ 1erempunoiny -0Od-007 9Y) Ul W2dUo))
[e1U2104 JO SJUBUILURIUOY) [RIISO[OIPRIUON “[-H J[qe]

0 AFY T10PE-MODS




gt n, S

hhhhh B

u@owmm g1) 91307 UONUS)Y pue moo,:ouomom oo,hq,_om
;g a[qeradQ) 121empunoIny [-Od-00¢ 4} UT UId0U0))

[enualod Jo sjueUIIRIIOC) [ROISo[oIpRIUON “[-H JqEL

0 AHY 110¥YE-MDS

STl Ul EJep ou ‘3[qe|leAr
quD 01-V-91T X D ©u 'S||2Mm [{ WO SINSAI 7L ‘0661 03 8861 WO "066] Ul J0) pazA[eur jse] areydsoyd [Ainqouoiy
§19319p-UOU 312M SIOURPIIDX2 INQ “AIUBPIIIX2 JUO UEl]
2I0W pRY S[[oMm { SIB3A () 1SB] Y] WM SO J PIS0XI SI00J0p-uou g9 pue $30352p suaiAd
X X 019Z :S|[om ¢/ wodj SINsal g9 “uasaid 01 §g6 ] WY (9007 Ut 10) pazA|eue IsE| [p2-g°z°1] ouspur
Sap1[aNUOIPEI JO ANJIGOW PIseaIa Aug 193)9p [[Im
10JEMPUNOIT UT SJUUAINSEILL FPI[ONUCIPR] PINUNUCY) "SISBYRIEDP Y H Ul 3[qe[leae (are10041D)
eiup AjorusSouraies/K1a1X0) ou Iajempunold NIS pIoJUEH UL 10] pazA[RUR JON PioE 01392BAX0IPAY
SDYWJ PAdIX2 §)193aP-UoU 0137 PUE 513219p
X 019Z S||aM G/ WO} SHNSAI 69| Iuasaid 01 8961 W0 1900T Ul 10] pazAleur Jse] aeeyydifing-u-1g
SO d P329Xa $10919P-UCU 019Z PUE S)13J12p
X 013Z :S[[am G/ WoJJ SINSaI 9] Yudsaud 01 86 [ IO ‘YOOT W 40) pazA[eue 1se] aeeqydiAgIg
AN21X0) JO Sprezey Y){eal] Umowy] OU ‘3[qe[IBA®
quD 01-V-91¢ X X DYJ OU S[[om [ Woy SUNSLTL 0661 01 86T WO (661 Ul 1oj pazheue Jse] areydsoydifingig
2NS S pajaalap aq seuoydsoyd
X 1w pue ajeydsoyd 03 apesdap [ (O IeMpUnoln 1-Od-00z Ul 10} pIZA[eue 10N [Amnq [Anqrg
S139)3p-UOU 21oMm SIDLEPIIDAI INQ “IDUBPIIIXI U0 UBL)
2JOW peY S[[am § SIBAK O] ISB| oY) UIQILM (SO PAIdXd S102J9p-UCU 9| PUE S10333p JuIIBIYIUE
X X 013Z :S|[aM G/ WO SINSAI g9 “yuasard 0] §R41 WL '900T U 10] PAZA[RUE Ise7] [y‘e] zuaqig
§122]9p-UOU 213M $IDURPIIIXI I “DOURPIIIXI 3UO UBY)
Q10w pey S[[am p SIEak (| ISe[ 3L UIYHM SO PISIND $I03J3p-UOK 30| PUE S10333p
X X 0137 S[[3M G/ wioy sHNsA g9 uasaid 01 8861 WOy (9)(T Ul I0f pIZA[eue ISE] JUAsAIYD
S0} J PAIDXD S10919P-UOU 032 PUR $10319p
X X 0137 :S[[9M ()6 LUOIJ SHNSA §O¢ Jussald 0) 861 WoiJ ‘90T ul 10] pazi[eus 1se7] IUIZUAQOIOTY)
ST W usnjol
qUD g9¢-V-91T ¥ X X ZJBP OU ‘a[qR{IeAR BIEP SUIUAAIIS OU () JAIEMPUN0In) [-Qd-00T Ul 10} pazA[eue 10N Ax01pAYy pajejAing
SO PA29X3 5199Jp-UOHU /()| PUB S193P G| aeeyyd
X X S||am 78 WO SINS3L R “Wuasaud 01 §86 [ WOY (90T Ul 1o} pazijeue jse] (1AxayiAy1a-7) sig
S10913P-UCH 213Mm SIDUBPIIIXI JNQ ‘IIUBPAIINA U0 UBY)
QIO PEY S{3M f SIBAK O] ISB| U] UIYHAM (S1YY4 PIFIX2 §193)3p-UCU §§| PUE 5103)ap auayueIon(}
X 015Z §|joMm 7O WO sNsal §p| Juasald 0] §86] WO H((T W 10] pazATeus 1se7] [3] ozuag
§132)3p-UOL 212 SIDUBPIIIXA INQ ‘IIULPIFIXA JUO ULY)
210W pEY S[[2M § SIBIA () ISB] 3Y] WIYILM ‘SOYJ PISIXS §10919p-UoU §9 Pue §133)3p suayjuelon(y
X X 0107 S[[2M G/ o) sHNsas go ¢ asaid 0) g361 Wwoy 9Qog W 10] pazd[eue 1se] [qlozuag
$102}9P-UOL 3IoM SAJUBPIIIXI 1N “IIUBPIIINS JUO UEL])
210U pey sjjam § SIRak ()] 158] 1) UM SO PF3IXa $10919p-U0U 8O PUT $13319p
X X 0157 :S[[2M §/ WO SHNSA §9| Jussaud 01 §861 WOIJ (90T Ul 10] PIZA{RUE 1SB] auaiAd [e] ozuag
§103)9P-UOU 219M SIDUBPIIDXAI INQ ‘20UBPIIIXI JUO ULy
210W peY S{[3Mm { SIBAK ()] ISB] 2U) UM Sy d PIIDX3 S10912p-UsU g9| pue $19319p
X X 0137 S[[AM G/ WO SINSAI §9[ “uasaid 01 §86[ WO ‘9(0T Ul 10] PIzZAeUR 15E] auzoeyue [e] ozuag
SOy PR29X3 $19212p-UOU 043Z PUE 5123]3p ([osaln
X X S[[am 96 WoY SYnsal |67 “uasaid 01 gg6 | WOy 9Oz ur ! A[BUE 5B -d) (ouayd|Kipawr-f




WOy SINSAL 1§ ‘9661 OF 88GT WY (9661 Ul 10} pazh[eur 1587

STI Ul BIEp OU '23|qE[[EAE SDUJ

HdN

X HdlL ?3s N Suoqled0IpAy ulered

X 2UIN|0} 10§ §19313P OU ‘SUDQIBIOIPAY PUE SI]IB|OA JIUBTIO JIYI0 335 N Juuys wed

X SJ0398) AJ191X0) ON N [10 pre]

STl v eaep ou SN d sa0qe (95uel 2uasoray

X X 5)02J3p OU ‘S|[aM &/ WOLJ S)NSL G5 1007 01 §FG] WO F[0O0T Ul J0J PazA[eus 1587 N Hd.L) 2uasoray

S0y d 2a0qe (saseaus pue

X S]0919D OU ‘S[aM ¢ WO SHNSM G601 ‘SO0T 01 RG] WO (60T Ul 10} pazA[eue 158] N [10) SPIN[} S NeIPAH
STYI Ul BIEP OU I[¢B|1BAR

X SOYJ OU :S|[3M 67 L0 S3[NS31 [§] ‘966] O 8861 WO ‘9661 Ul 10] pazi|eue 15e7] N auesapod

(1any [esarp) “@Sues

s 2a0qe |3S31p SUOGIBIOIPAY

X X 510919 OU :S[[2A (}] LUOY SINSAI [ ‘GOOT 0F 886 1 WO (CO0T UL 10] PaZA[eur 1se N wnajonad [mo],
SII Ul ejep ou ‘3[qe[leAt

X X aueda(g

areydsoyd

@owﬂ 91) &.o_moq UonuaIdY pu moonob..%om 22IN0§

;) apqerad(y 1ejempunoln) 1-Qd-00Z 2Y) Ul Wdduo))
[211U2]04 JO SJUBUIWIEIUO)) [EIISOJOIpRIUON “[-H S[qeL

0 ATJY T10PE-MDS

X OU S||3M /¢ WOl S)NSa1 OR] Jussald 01 §841 WO (0007 Ul 10f pazA[eue Jse] N [A)e0I0[Yd-g-SI11],
X ST Ul BIEP OU D[E[IBAE SDYJ OU 10} IEMPUNOID) [-Qd-00T W 10J pazA[euR 10N N SUIUEA3pOp-U-11],
SO J PAAIXI 19910P-UOU 0IIZ PUE 193J0p
0197 “S|[9M £ WOIJ S|NS3E 9pp ‘9661 ©1 §RG T WIOH ‘066 UL 10f pazA[eur IseT] N rouaydosojysup
‘ajeydsoyd se paroalap aq pinoa punodwos siy) Jo uonepeiSa(] Isyung
5[y} JOJ HOO[ O] UOSBII 3[JH| S1 213y “SISIXD SIPI|PNUOIPEI 10} SULI0JIUOW ISNEdIY
*SaJRISILL J SE 31 GIiAM SOPLoNUOIPERS ALIED JYSIU ) 1Byl SI JH ], 1M WSdU00 B ‘S3US
fesodsip 21Sem 194I0 PUE QU L-V-G1T UL 8 000001 :yP31sH sannuenb “ajqe[reae
quI 01-V-91Z X X SO OU ‘S[|3M 6 WO S1[0S31 0P “Uasaid 0} 886 1 WL (9007 Ul 10} pIzA[euE 1587] N aeydsoyd [Ainqui,
3UOIOBOION
ST Ul BIEP OU ‘3]qE[IBAE S0)Yd O ‘0 I8IeMPUnolny [-Qd-00Z Ul 10} pazA[eue 10N N -Ljkouay],
$139)5p-UOU 0I9Z puE
X S}0919p 0I3Z S[[9M £ JO SINSAL Opt ‘0661 03 8861 WIOY 19661 Ul IO PIZA[eur 158 N jouaydoao[yoena]
Sl Ul SIY} 10] BJED OU ‘3[qQE[IEAR SUBINJOZUBQIP
X SO OU S|[am {§ UL SINSE b ‘£66] 01 RG] WO SC661 W1 10 PazZA[RUR J5e] N pajeutio[ysi[od
SIMI ul SIY) IO BIEp OU (3jqB[IRAR suixoip-d-ozuaqip
X SOYH OU ‘S[[3M [ UL SHNSAI p “C661 01 8861 WO (0661 Ul 10] PIzZA[RUE 1587 N PajeULIO[Y2AlOd
uaSouroses uewny sjqeqosd & se 51S1] S1A1 ‘2[QB|IBAR SO sunuejAuaydiposoniN
X OU S||3M TO WOIJ SYNSaI §41 ‘Wuasald 0] g8 WOl 9007 Ul 10f pazA[eue 1se] N ‘N
X X STAI U BIEP OU 'SEYY OU INQ PRMPUNCID [-Od-00T UI 10} pazA[eue JON N auazuaq |KIng-u
N sunueAyyden




SO d PA39Xa S103)9P-UOU §Z¢ pue
SJ3919D £ S[[9M L/, WOL SINSAL L9F ‘SO0T 03 §86] WOIJ LG0T Ul 10 PIzZA[eur 1587

Jojyorday

SI¥[ Ul BIEP OU 3)E[IBAR
SOYJ OU 'S[[3M LG WO SHNS3I 60F “S00T 03 8861 WOY (00T Ul 10f pazé[eue 158

apAyap[e unpug

pucd £-4-91¢7
YU 62-V¥-912
quD) H95-V-917
qQuo 01-¥-912
W UL XV-V

Papa29%3 S[[om 0IZ SIgak (3] 1SB| Y WITIM (SO PAIIXS §193]3P-UOU 0IZ pUR
$10219p € S|[2M B/ WO SINSAI 20 “CO0T O3 8861 WOLJ GO(OT Ul J0J PIZA[BUE 15€|

unpuyg

STAI W BIBp OU (d[qe|ieAr
SIY¥d OU ‘S[[9M 7/ WOLJ SINSI $$ ‘007 O) 8861 WO ¢OOT UL 10] pazA[eue 1SB']

:ey|ns uejjnsopug

SO J P20Xa S10219p-U0U ¢/ pue Siaap
£ :S||2Mm 79 woy synsal §¢1 ‘uasasd 01 §861 WoIJ L9g0g Ul 10 pazZA[eUR 1587

HeOYWIT

SO P292X3 $19919p-UOU [(f PuB
$19919p € :S|[9M L/ WIOL SINSII L 0¥ “SOOT OF §961 WOLL (G007 Ul Joj pazA[eue 1se

ULIP[3ICT

(S1y]) vafouraied UBUNY UMOUY B JOU (3[GR|IBAE
SDMJ OU S[[9M 8/, WO SINS3L 79 ‘SO0 01 861 WL “GOOT Ul 10 pazAfeue 3se7]

JH4 -BRAd

$10913P-UOU 2I9M $ITUBPIIIXI ING ‘IIUBPIIINI UO UBY}
210U PBY S[[3M T SIEIK ()] 1SB] 243 UTYIIM S Paaoxa $193J0p-U0U 7/t Pue $1031ap
0137 :S[[aM R/ WO SINSAL 79 *S00T 03 8861 WO (5007 U 10f pazA|Rue 1507

DJH4d eydly

"$661
ot Jouid |{e 518 510919p YL "S199)3P-UCU [[B 31E SIIUBPIADXD INQ ‘IIUBPIAIXI 3U0

UBY) S10W PEY S[[3M € STRIK (] ISB] AU UIYIIM S1YJ PIFIXD S199)9p-UOU | [{ PUB
S0P ¢ S|4 £/ WIOL SHNSAI £9F “SO0T 03 §661 WO G007 Ul 10 pazA[eue 1587]

ULIpry

9DUBP2IDXD QU0 UBY) 2UOLI PBY S[[aM 0JIZ SIBaA () 158 WINM S Paaoxa
S19939P-UOU 019Z PUR §10319P § S||9M £/ WOJJ SI|RSA £9f (GOOT UL 0] PazZA[eUR 1587

Laa-+'y

SOWd P229X2 §12910p-UOU 0J3Z puB S1319p
0197 S|[3M £/ WOLY SHNSAI 9% ‘SO0T O 8§66 WOIJ {5NOT Ul 10} pIzA[eur Ise

4Ad-¢'y

§193)3p-UOU 0JIZ PUE $}0IP
0157 :S[[2M £/ WO SHNSAI £ 0p ‘SO0T 03 886 | WOIJ {5007 W 10] pazA|eue 15e7]

aaa-r

puod £-4-91¢
YU 6Z-V-91T
quD g9¢-v-91T
qQuUD QI-v-91¢
we] JUel, Xv-v

SOy d Pa29Xa S10319P-UOU 0432 pUr §133)p
013Z :S{[3M G/ WOJJ SI[NSaL 679 “$00T 01 8861 WO ‘5007 Ul 10§ pazijeue 1587

XaAlig d1-6%'C

(auasouny

Amowmm 91) 21307 :oszogom pue saou
) 9[qeradQ Jejempunol) [-Qd-00T Y} Ul W0
[enu210d Jo sjueureluo)) [BoIg0[0IpeIuoN -4 21qeL

0 AT T10¥E-MDS

(sBur1 3u350133 H L) UIS0IIN 32§ payund) gz [-[o[0S
(wiygeaed

pue duaeyydeu)

HdN uyyesed pue ausfeyiydeu 3sg TrET-A 11°4S

iy

R R
N




*510[200Y dje1edas SB paIapISu0d g (1A

([e10%) spAuaydiq
PalRULIO[YIK| O

ST Ul Bjep Ou a[qe[ieae
SO OU ‘S[[aM 6 LIOLY SINSAI 9 | ‘SO0T ©F §861 WOY ‘gHOT Ul Joy pazk[eue 1S

09¢ [-ic[d01y

SIIUBPIIND
pey S[[94 0192 SIE9K ()| 1SB] AU} UIYILM DY PIIOX3 SI2JP-u0U S| | pUB $12313p

[-10[o0IY

019Z :S[[2M 69 WOI] S)[NS2I Of] ‘G00T 0) 886 | WOy ¢

Wﬁ: Ui BiEp ou N0 ._Emkvnroa 1-Od-00Z W 0] vowbm:m 10N

14T

p1o® SuEME],

STI W Biep ou ‘N IBEMPUNCID [-Od-00Z Ul J0j pazA[ruUE JON

PIoE I[EX0)

“1ajempunols

211§ PIOJURY UL JOJ PIZA[RUR JON “SSPL[ONUOIPEI Jo A[Iqow paseanul Aue

10915 [fLA I8)EAMPUNOIS ) U SIUSUIAINSESLU IPIINUDIPEL PINUHUOY) "SIPI[INUQIpel
pUR s[RI JO AN[IQOLL 3SEDIUI ABJA] "3|qR[IBAR BIED AJIDIXO0] OU “I0}R[aYD

Y1ddH

-Ialempunols 31§ pIoJuesH Ul 10f pazA[Bur JON ‘SOpI[aNuolpel
JO AJLj1QOLU PISEILOUT AUE J93ISP || LA I2)EMPUNOLS UL SIUSULAINSEIW IPI[INUOIPEL
panunuoy) “SISEQEIEp VT Ul I[qe|eAt ejep ANudSouIomeaARa1X0) ON

(p1oe s1aoeAX0IpAH)
21e[00A [0y

“13jempunosd

11§ PIOJURY UI 10J PIZA[BUE JON] "SOPI[ONUOIPEL JO A)I[1qOW Paseaout Aue

109)9p |14 L91EMPUNOIT Y3 UT SJUMUIINSEITU IPI[INUOIPRI PINUNRUO.} "SIPL[INUCIPE]
PUE SEIOUL JO AMNJIQOLL SSEIOUT ABJA "D[(B[IBAR BIBD AJIOIXO0] OU “201E[3YD)

v1ld3d

pued ¢-d-91¢
Yyaud 62-V-91T
QU g9¢-V-91¢
qQuD 01-v-912

*AJ1|1qow paseatou Aue
19213 (|14t ISIEMPUNOIT U1 SJUSILAINSEAL SPI[INUOIPES PANUILUCY) "SIPLSNUCIPEL pUe

s[eaw Jo AlLj1qouw oy aseasous ARl MO IEMPUNOID [-Qd-00T W J0f PIZL|BUE JON

aen)

"QDUBPAIIXNI U0 URY)
210U PRY S[am € S18IK ()] 1S8] O} WYIM {50y J PIadxa sioslsp-UoU $79 Pue Sjodl3p

e yue] Xv-v

e, jyuel Xv-v 0157 S[2M g/ WO SHNSAI $79 ‘SOOT 03 861 WOLJ (00T Ul 10] pazAeur 1567 auaydexo]
19319p-UOU SEA JDUBPIITXI INQ ‘IDUEPIFIXI JUC UBL)
J10W PeY [|3M SU0 SI1B3K ()] ISE] 3Y1 UIYIIM SO PIs0Xa S10919p-UoU 97 PUE $103)9p
0I5Z :S[[oM L WOl SYNS3I g0 T “Wu2saud 01 §g6 1 WI0NF ‘90(T Ul 10] PIZA[RUE 1SET] seloyd
puod £-4-91¢
youd 62-v-91¢
QU g9e-Y-01T
qQu) 01-v-91¢ SOy 4 P95Xa §10213P-UOU 013Z PUE §10919p
uLE,f Juel Xv-vy 0137 :S[|3M g/ WOIJ SINSAI TG CONT 01 §IG1 WY ‘0T UL J0f pazA|eue jse] JOIYDAXOYIN
puod ¢-H-91¢
ymd eT-v-917
quDd g9¢-v-91¢ S3IUBPIIIXND
qQuUD 01-V-912 pey sjjem 019z s1eak ()] 15e] 3 UIYIIm SO PIFIXI $19313p-uou ¢ [g pue {(OHg

SI9M9P € :S|[9M §/ WO SHNSAI $79 ‘S0T 03 $361 WOY ‘¢o0T Ul 10] pazA[eue 15e]

BUILEN)) duBpUI]

.ﬁmommm 91) 1807 co_EBom pue s091
‘U 9[qeredQ) Ielempunoln [-Qd-00Z 24} Ul WUy
[E1IUD)0 JO SIUBUTURIUO)) [BIIFO[OIPRIUON “[-H 2[qe],

0 AFY T10PE-MDS

SO d PRadXa §193jap-ucu ¢¢ pue

‘GOOT Ul 0] pazA|EUR 157

¢

SI0913p T :S||9M /[ WO} SINSAE L9 ‘SO0T O 8861 WOl

apixoda 1oyyoeidoy




STY[ U1 BIBp CU ‘[QBJIBAR SDYYd OU (1) J2IBMPUNOID) [-(3d-(0Z Ul J0] pazAjeue JoN N X 2JBUOGIED
SIY] W BIEp OU "J[qE|IBAT SDd
X X ou ‘s|jam Zg wolj synsal g72°| “uasaid 01 §R61 WOy 9007 Ul oy paz&[eue jse N apuuolg

puod €-9-91¢
puod W-101T
YNIg 6T-v-91¢
qQuD 99¢-v-91¢
quD Q[-V-91¢C "JUIUISSISSE NSLI JO] UOHBULIOJUL 3ANIULJID
e quel Xv-v X Ol SapIACIJ "[NYSS2030s ST UONeNIJ ISUIaym $ISSasse pue A)enb Iajem [BIoudn N X Aupign],

pued ¢-9-91¢
puod W-101T
YoUd 62-V-917
qud g9¢-v-91T
qud 01-v-912Z UOTEN[BAD
wire ] qUEL Xv-V X NsU WIDYAD w podsuel) s3oa]je Jey) Jajoureted uonenjead Aljenb sem [BI12USD N X 10qJe3 duedio felo]

X N ameradway,

puod ¢-€-91T
pucd W-101T
YMdad 62-v-91T
quD g9¢-v-91¢
quD O1-vY-91¢
UL UBL XV-V X JUSLISSISSE YSII JOJ UOIIRWLIOJUT SALIIUIJAP OU SIPIAOL] N X souRioNpUOD aijadg

puod ¢-9-91¢
puod W-101T
21d 62-V-91T
qQuD g9¢-v-91¢

qQUD 01-V-91Z ‘Hd suneyje Jo aiproe Apuesiudis Ary 03 pajoadxs jou 10jEMpUNOIn "UOHEN[EAD
we yuel Xvy-v X X HSU YT ul wodsuen spalye ey 1aweled uonen[eaa Ajjenb-iaem [elauan N x yd
puod ¢-9-91¢
puod W-101¢

Y2Nd 6Z-v-9IZ
quD g9¢-V-9iT
quD 01-v-91¢
wie Ul XV-V X 1aawrered Ajrpenb aajep N BLI3]2BG WLOJLOD)

X Anpenb Jojem [e1ousd 19409 [ Hd f1sowesred uonen[eas Ajijenb 1ajem-[21ausn

LiTel

U3FoULIBS UMOUY JO LIXO0] B JOU ‘N0 IBAMPUNOID [-Od-00Z L1 10§ PIZA|BUR 10N

S &uaw it
el e el
R S L B I e e e s L e

Anurey|y

(saded 91) 01507 UCNHUSIY PUE $IIUDIIJY 90INOG
U a[qeIad() I1eMpuUNoIn) 1-0d-00Z Y} Ul 182U0))
[ENU2}04 JO SIUBUTUIEITO)) [BIISO[OIPEIUON "[- 9]qel

0 A 110vE-MDS




puod ¢-g-91¢
puod W-1012
Youg 62-v-91¢
quUD g9¢-V-91¢
qul 01-v-91¢ SQII Ul EJep oU 3|qeflBA. SO
uue JuBl XvV-V X X X ou ‘s[om ][ Woly s)usal §50°F ‘uasasd 03 9861 Wolf (90T Ui J0] pazA[eue Jse] N X 2BJINS

*ddad pue ‘dgd ‘dd L woy 1npoid uonzpesop
‘youd ] €€-g PUE QU 61-H-91Z Ul B 000°001 :(,P1SH| sanpuenb t3qe[eae SOU

X X X ou ‘S[[am G¢ [ W) $INsaI gt quasald 0] §86T WOy (900Z Ul 10§ PIZA[BUE ISE] N X aeydsoyd
SIOUBPIAIXND
PEY S[]aMm 0197 SIeaK (] ISB] SYI UIYIM ‘SDYJ P229Xa §103]ap-uou (7, pue

X SI09)3P QUIZ (S|[3M | WOL SINSA QL ‘SH61 01 8861 W ‘61 Y) 10] pazA[eue jse N uot 2jeIo[ysiad
SIYL

BIEP OU ‘3[JB[IRAR BIEP SUILUIAINS OU M) JAIBMPUNCID [-Od-00T U1 10] pazieue JON N X areXO

33UBPIIOXS JUO ULY) SIOW
PEY [[94 JUO SIBIA ()] ISB] 3Y) UIYlIM ‘SDYd PIR0Xs S1031ap-UouU 049Z PUE S193)9p

X X X QU0 S[[aM TR WOI] S nsal O:u“m ‘quasaid 01 884 WO} MOOON ul 1oy ﬁoN%_mcm 1887 A X ANNDIN
pued £-g-91¢
puod W-[01Z
Yond 67-v-91¢
QU 49€-v-912 wn|d [euoial e Jo Med Houepasoxa 3uo uey) alouw pey
QUD O1-V-9I1T s{[am ] ‘SIBaA () 1SB] AU UIUAL “STUJ PIIdX? $19919P-UOU 013Z pue $13313p (8
we ] yuej Xv-v X X X S|[em 68| WO $INSAI OOy Yuasaxd 0) §86] WoY (9O(T UL 10] PIZA[eUE I5E] A X X X RN
Hd pue Ajurjeyje 39§ N X IPIXOIPAH
puod £-9-91T
pued W-1012
UoNg 62-v-91¢
QuUD 49¢-V-91T 20UBPIIIXI JUO UBY) 10w
qQuUD 01-¥-91¢ PRy S{]9M £ SIBIA (3] 158 U] UIyllm (503 J PIRIX8 §199)ap-UoU ([ PUe S193)9p €91
wuej juel, XvV-v X X X S|[Pm €8 WOy SYNsad g1 [y uasaid 0] g1 WOIJ (9T Ul 0] PIZA[RUE ISE] A X X apuon(y
$-dd-00T PUE 110 Jefempunoll)
1-Od-00¢ 10} OOQ Ul pauIe]sy] 'shd paadxd §133lap-Uol 0132 pue s13alap
X X X OIDZ Sj[om [ [ WO SYNsSaa 71§ qumohm 0} 8§ wWolj RQQDN ui I0J ﬁuNh—mﬂm 1587 N X X X uﬁEm%U
puod £-H-91¢
puod W-1012
YN 62-V-91C
qQuD d9¢-v-91¢
QU3 O[-V-91T SII UL B1Ep OU “3[qe|eAR BJEp U215
wie,] quel Xv-v X X X oU (8|94 €] WO SYNSAI £66°¢ “Iuasaad 01 §861 WO Q00T Ul L0] pazA|eue 1se] N X SPUOIYD

S

(soSed 9]) 01307 UONUIIIY PUEB SIDUIIIJIY 90INOG
11Uy 91qeIadQ LempunoIr) 1-0d-007 Y Ul WI2Uo))
[ENUS10J JO SIUBUUERIUO)) [e01S0[0TpeIUON “[-F °[qe.L

0 A 110rE-MDS




91-d

‘(1un) [esodsip Jo/pue ‘aFei0)s UALNBIL = as.L

"ucqlesolpAy wnajonad |gjo) = HdLl

-aeydsoyd (Ainqro = ddlL

‘9761 JO 12F 421003y pup uoypAasuo) 20am053y =  WUDY

*(ss2001d 10 JuR|J) uonIENXT WNIURI-WNUOIN[] = XHUNd

‘[#03 uoleIpawal Ateamunpid = OUd

Jun sjgesado = no

‘uoqIes0IpAy uljeled jpuLou = BdN

‘walsAy uonpwLiofur ys1y paipsdaguy = STHI

(2a0qe [1] a10w00; 395 100 1-$6-TA/AOA) NO 1-Md-00Z 3y 107 nodal uoneIusIAUl A8y = did
‘Aouady Uo11231044 [BIUSLUOIIAUY 'S} = vdd

-aA112(q0 Aujenb wiep = obd

eydsoyd finqup = d4d

‘aeuoydsoyd [Ang [Ainqip = Jgdd

“Wasu09 [enudod Jo urupuRiued = DdOD

‘0961 Jo 12y ApigoiT puv ‘uotiwsuaduwo”) ‘asuodsay [pmanionang avsuaya4dwio) = vIOYID
BUBPUNT = OHd

#561 J0 10y Basug onuory = vav

'Apn)s Juawadeusll eale 2)e82188e =  SWVY

“yrewspen paldxa ue s1 10901y

“SisAjruy 1505 MoNoNIDAT BuLaUBUT puv uvld yio4 AprIg AujIQISpaJuonpInsau] (pipaway Hir 21quad(y dnoan) a1svy asvapay pauunidus} [-Hi1-007 ‘6£-F00T-TH/A0,
“oday Apris juswadvuppy vasy 21032433y L2IPMPUNoLD) 1507 007 ‘6 1-T6-TH/AO Ul PISI| meEw:Ou_
g} 21qrLadQ [-Od-007 241 40f Lodey uonpBusanu] Appovd VYN ‘001-$6~TH/40Q ur pajussaid st ajeue 1ad NO J21eMpunoiD [-0d-00T 10) $31s SL VI,
1) 2jqaad(y [-Od-00¢ 2y 40f 1410day uonnIusanuf Anjovd VYR DO1-$6-TH/AO],
7ISEIVUOIPIPRLACH B0 Ak Ny 's1008 4 ado[S-A1101uadouloe)) SpI[anUOIpEY PIGEL FPHINUGIPEY Vdd LS VHH WOl S9AI] JBH,
UOIBUNYSU M PUDIYIY "SI PLOUBLT SIS BISDA| DaLy SayauaL] puv sqii) g 2yl 40f {pnig irqisva.f “99-4007-TH/H0A
SISQDUY IS0 UOUPNIBAT SULDIUIBUT PUn uvjd Y4041 Aprs AIqisvaJuonp3nsaauy [p1pawsy 1y} ajgpasdy) dnois) 31so 4y aspajay pauupidury [-471-00Z “6£-#00Z-Td/900
“SHHTY
21quaad(y (dNo.icy 215D 44 2IDSUIPUOT) WDAIS) [-IS-POT PUL (dnoLn) 1S4 431041 SUIO0D) SAYIR U puod I) p-M3-007 "(Anodn a1Soy 4210y Sujo0)) SaydiT puv puod S} £-MD-007 ‘(dnoir) ajsvp 4104 Bugjoory sayancy Z/puod 11} §-M2-007 241 40f g Anpqisea ‘b-vo07-19/900
‘i) 2jquaad) dnoary 4mag [PaIBYY [-SO-00Z Y1 40f Moday uonn3nsaauy oipaway ‘1 1-+007T-TH/A0A
U} YqLi2dQ) 41DMPUNOLD [-Od 007 241 40f uvld sisiouy pup Sunduns ‘y0-£007-T4/A0A
und sis&puy puo undung gy 31qpaad0) ¢-.f4-00¢ *[1-200T-"T9/400
U} YAOM SA/Y 1] 2]qu4ad(y dnoaD 21soy diomwiogn] paniay) ‘99-1007-T/ACA
Snf} 2194240 9-Md-00T PUP “€-Md-007 ‘[-Md-007 341 SIPRIU] SuDId YHOM SA/NY Nty) 314043d() dnor) 21Sv4( $5220.4d2I0SUPUOT) $52004d YR -dtupBiQuniuommid ‘10-1007-T4/400
“up)d Sundwng nup) JSI VYIY JISTH SS2004g PUD UDId J404f SA/TY 1Ur) 3)quaad() dnodr) 31soy $5304d YOIy wrundn) - Md-002 09-0007-T4/H0U
‘upjd Sudwog nun) qSIL VYDA £-8-917 PUv unld YoM SA/TY 1140) 21904240 [-MD-007 *LO-66-TA/ACA
Wy 21quaad() 7-MS-00F Yl Ul SIS BISTY g5 U1 pun Y§ Ul JO HOUDIIBIODADY ) dAISHAIUIUON 40f oyngsu] sisfipuy pup Sujdung ‘¢8787-A%d
:M0[aq 938 SO0 saneadnp papiacid 1Byl SIUALNIOP AIR[[I9UE 01 $I3J20 SIANOS JAYIOg
"S3dOD JO 11| [BUL WO UOIS[IX3 10 UCISTI[dUL DJOD) 10} 21807,
SO0 JO 18I [BULY 9Y) WL PAAOWDL U3 SEY JEY) JUANSU0) B §1uasasdar N, pue ‘SO JO7) S8 papn[oul sjuanjysuod siuasaidar 4, N 10 , A, SE Palou a5 s)dJ0)D),
Y40MIIN SULIOTHIORY ADIDMPUNOLD) DALY ISPT 007 PUD 1S3 007 Parvadaiuy yFr/V 1OV EIY Surysngoisy 4of jioday Lpunung saansalgey Ampond) viogg ‘6TEST-dD,
Spur 31quaad) [-Od-007 PUP §-JG-00 243 40f Y403\ SHILONHORY 40Mpunodny v Juudisacy -14oday Lipunung saayaalgo Gyong} oo “6F0F1-TNNd,
oday (pnig wuawaSvuvpy va.y 31082488y J2IPMPUROLLY ISTT 007 °6 1-26-T4/40d,
‘reoday Apnys wowaBvunpy vaay s1w3a483y 220.mog X TN ‘Y0-76-Td/H0A,

STY[ W BJEp Ou ‘3|qe[IeAr

2pyng

Amowgmm.o.d o&oQ :owcouwm.wsw $30UaIoJY oE:om

N s[qeaad() Isjempunoln) [-Qd-007Z Y} Ul WIa2Uo))
[enualod Jo sjusuireluo)) [esido(opeIuoN -9 d[qeL

0 AT T10vE-MDS




{54234 000°00€°7)
X 31} J[BY “[10S 01 APYSN pUnoq QO JABMPUNOLD) [-0d-00T Ul 10§ pazA[eus JoN N ¢E [-wmnisa))
(81824 790"T) AJI] J[BY HOYS 3[qR[IBAE )W Aloje[ngal
X X Ol ‘S[[am 6§ WO S1[NS3) g/ “wuasaud 0} §86 [ WO SG(QT Ul 10) pazA|eur 1587 N E[-WNIsI)
¥ [-WniwApoaseld
X X D00 e Yl Ul paeulliya *[ios 03 punoq ARYSH *(skep ¢'¥RT) 1] J[BY Hoys N /unua)
@(8IeaA 0L S) AL
By SAnjiqow Y3y foysem ssas0ad ug 1ussaid ispuj Aloje|ndal pasoxa 510919p-UoU 0.IZ
X X PUE §193)3p 0I3Z S[[aMm / WO SYNSaL 07 ‘0007 O 8861 WOy ‘00T Ul 10] pazA[eue 1B N Fi-uoqie)
x {SAInunu 661} af1 J[ey Hoys N pIZ-pnwsig
X {SAINURL §9°Cr) J1] JjeY WOYS N €1 -ynwstg
X (sajnuiur 09) 331 Jiey Hoys N Z1z-ynwsig
x @{SANUIL 1°Z) 38} J[BY HOYS N 1iz-ynuwsig
X o(SABP T10°5) 3] JIBy Hoys N 0 1Z-pmustg
X @ (SA2P v £) 2 Jey Hoys N L-uinyliag
x (SINOY 6°8€) 31 JIBY KoyS N wy ¢ [-wnieg
(SPU023s £2€0°0) A JIBY Moys N L1T-ounelsy
¥ pASIINUIL (06 1) 23 JjBY MOUS N wgg | -Auonuy
s1eak OOT 03 001
X ut ._uum.&munso._.m P33eal JI as0P O AINQLILOD JOU [1m meﬂwhm_u W.N: 9J1] Jley tcr_w N 9z1 -%:OE_“EJQ
SIB3A )07 01 001 W 1aempunosd
PaY28aI J1 3S0P 0] JINGLIUCD JOU [{Im w:ﬁﬂmuh £L°7) 3] J[BY LIOUS ‘I[QR[IBAE SIIULIL|
X X Alope[ndal ou SS[[am £ ] WO SINSAI ¢/ G uasad 0) §36 1 WOY (9()T Ul pazA[eur Jse] N ¢z 1-Auowuy
(8183 08€°L)
X a1 JIey ‘Jtos o1 punog Apy3n O B1empunoln) [-0d-007 Ut 10f pazA[eue JoN N £pz-wniouawyY
@(81Eak 75 1)
X aJ1[ J[BY ‘108 01 punoq Apu3n )0 sempunolny [-QOd-007 Ul 10] pIzZATeUR 10N N Wig FZ-WnoLauy
X @{S100Y 9[) 3§1] J[ey LoyS N TpT-wndLWY
J3lempunols
w:Eumuh 210J=2q h.muuﬁ [1x : xu_U gt le U:O& g0 ﬂummo_o._ SUoNRIUIOUOD
153y31y ‘Jros o3 punog ApysSn ‘suwi] A10)2|n3a1 pasoxs §193)9p-ucu ¢ pue
X X S19319p 013Z S[|am §] WOJJ SINSA G “000T 0 8861 WOy {0007 W I0] pazATeur Jse] N [ FT-WRIDLIW Y
X 1empunotd Suiyaeal a10)2q Ae23p {[Im {[10S 0} punogq AYSiL N LET-unIunoy
X (sAep 01) 2311 JIey Hoys N SZg-wmunay

(s23ed 9) 01307 UOHIUIIDY PUR SIOUAIDJSY

g0Imog Uy s[qeiad() Joempunolny 1-Qd-007 Ul
UIO0UOY) [eNUI0 JO SIUBUIEIUO)) [d130[0Ipey "7-d 9[qEl],

0 AHY TT0FE-MDS




puod €-€-917
puod W-101Z
4nd 62-v-91¢
qQuD €9t-V-9IT

-19jaweled A2A1ns B sv pasn 1nq ‘*Dd0OD
SE Y[ Ul PAIRUILLID {JUSLLSSISSE YSU 10 [NJISN JOU (IUBPAIIXD SUO UBL) JI0W pey

(sa3ed 9) .uwmoq_ uoru1aYy @:_w woucogu.«om
3oInog ) 9[qeiad(y 1mempunoin) [-Od-00Z Ul

01-V-91Z s[[am ¢ s18aK ()] 1SB] A3 UIYHM SpUnoIFNIeq paaoxa §19919P-U0U 0IIZ PUE S19913P H§
uled yuel Xv-v s|jam (2] WOIJ SINSAI 6] 6°7 ‘Wuasard 0] 8861 WO ‘9007 Ul 10} pazkjeue )Se] A eydje ssolny
QU 0[-¥-91¢
ULEf JUBL, XV-V sadojost [enpiAlpul 335 UBIS BLULIED)
@(EINUILL §°17) 941] J[eY LOYS N £77-Wniouely
{SAINUIW ") 3J1] J[eY HoyS N [g¢-wnouely
1rempunosd Suiyonral 210J3q ABSIP {14 (10§ 0] pUnog
AjSuons (s1eak 96't) aji| J[EY ‘s1ul[ A1oje[nSal pasdxa §103]ap-UOU 0157 PUE $19319p
019Z S[[am £ WO SINsal g0 “Jussald 0] gg6] WOl g0z Ul 0] pazATeus ise N s 1-unidonyg
Iqeampunotd Suioeal a105aq
Aedap [[14 f[10s 0) punoq Aj3uons I (s1eak g°g) 3f1] J|eY !5129]13p-UOU OI3Z pUe §133]13p
013Z S|jaM g WOIY SIfNsal 60 ‘wasaid 03 §861 W] ‘go0g Ul Jo) pazi[eue 1se N 6 1-wnidoinyg
Jatempunold SUpoeal 10§34 ABIIP [[IM SOS 01 punoq
ABuoxns ‘g (s1eak ¢ 1) a1 Jley ‘suwi| A107e[n8a1 P3adxa $193)9p-UOU 0I9Z PUE S19313P
0JIZ S[]9M 89 LWOY) SINSI £ g7 YuasaId 03 gg6 Wolf ‘9007 Ul 10] pazi[eue yse] N z6 [-wmdoinyg
@¥STeak 006 8} 371 Jrey ‘1aEmpunolg
YoraI 10U |1 ‘105 0] punog A|Fuols N JaRMpUNoIn [-0d-(0T W 0] PAZA[RUT 10N N SHZ-wnLn)
o(51Eak ['g1) a71] Jiey ‘Isjempunoid
YoBAL 10U |t ‘108 01 punoq A[FUoss (1) JRIEMPUNID) [-(3d-(00Z U1 JO] PIZAIBUE 10N N PHZ-WnLnDy
[tos 0) punoq A[Fuons *, (s<ep §°791) 21 J[eY Koys N Thz-wnun)
@(STE9A LT C) A} JIBY ‘4D TE'€ 18 qUI $-Y-0[T UT PISEI[AI d1om sanpuenb
wadae| B;w g0z P Y3y ‘spwn] A1oje[nSal pa2oxa §19919p-U0U OIIZ PUB $1033p
e f yueL, Xv-V 019Z S[aM Y€1 WOl synsat §70°1 ‘wasaid 01 8861 WolJ (9007 W IO pAZA[BUE I5E] N 09-12q0D)
(548D 8°0L} A1 J[BY 1104S N 26-112q0D
(81234 000" 10€) aJ1] J[BY %y, 197empUncI3
ul ¢ Jo anjea Py 950p 66-21 Y1 JO % | UBL] SS3] 3q PJNOM 3SOP AUR SOYT “66-2],
LB} 2I0W S3WH (] INOGE 2q plhom (a0d Iad 14 auaaur) 1oyoe] ssuodsal asop ayJ,
"“AMAIOR §6-2, JO % SZ0 () INGYE 9 PINOM ANANIE SULOJYD 3y “SUnt ZNADIHO Uo
paseq (08 1 [-INNJ Ul pIssnosip e J()() 199eMpunots) {-0d-00¢ Ul 10§ pIz4[EUE JON N 9{-9ULOMD
(87894 0€) 011 J1eY 4D 0L 18 18 QLD
VOE-V-01Z Ul 212Mm 159YSy sanjea tsjn| £10181n3a1 paasxa 19919p-UOU 3UO pUE 19219p
WLR NUBL XV-V 019Z S[[am §¢ [ W0y Snsar g/ “Juasaid 0) 8861 WO (9007 Ul I0] pazA|eue jse] N LE[-NISA))

WIAOUO) [ENUN0 JO SJUBUTWERIUO.) [BIIS0[OIPRY ‘Z-H S]qBL

0 ATYd TIOPE-MDS




X gfsamuru ¢o ) 931 Jrey Loys N §[¢-uniuojod
X ©(EPU03S R 100°0) 1 Jjey Hoys N §[g-wmniuojod
X @(SPUCIISOIIIU €49 ) 331 J[BY Hoyg N FIg-wuniuojog
((SPUOD9S0.LITLL T"7) 1] JJRY HOYS N flg-wniuojod
X @ SARP 8€°8L 1) 1] JIBY WoyS N 01z-Wniue[od
wie Juel Xv-vy X X (8984 71 1) A1) Ty poys N Lyg-wniuomng
|10s 0} punoq Ay31 sy A10)e[n3al paasxa S103)op-uou
waed yuel Xv-v X X X 013Z PUE $103]3P OI3Z :S[[aM L WOJJ SINSAI QG ‘¢(OT Ul 10} PIZA[BUE ISE] N 0Pz 6€T-wuniuom| 4
[10s 0] punog ApySy S| A201e[nBEal Paaoxa $199)3p-UoU 019Z pur
WLIB] JUBL XV-V X ¥ X §)5939p 0197 :S[[3M §¢ WOL SINS31 £G[ ‘CO0T ©1 886 WOL ‘gO0T Ul 10) pIzA[euE ISE] N goz-wnuongg
{81234 000°008°9) 1] JBY ‘uONRUIINID
10] poyiaul [ed0A[EUR OU N IDIEMPUNOID) [-QJ-00T Ul 10] PaZATRUR 10N N LOT-wnipejed
@(8IN0Y ¢°7) A Jley uoys N PO-[IN
(51834 96) 11 Jey ‘porsad IedA-000°
ur asop Jued SIS 01 3INQLIUCD JOU [[1M “10S 01 punoq A3 a[qejreae sjwl|
X X A101B[MBal OU {[[oM JUO WOL] SYNSII €] ‘pO0OT 0} §861 WO {p((7 Ul 10] pIZA|eue jse] N €O-[aN2IN
X @(SABP §SE°T) A1 J[EY MOYS {NQ 1MempUnoln [-Qd-H0T Ul 10j pazA[eus joN N GEg-wniurudaN
A:GEQA 000°0F1°7) 331 JreY Homnguuuoes asop euusiod Sannus eyde
X X paat-8uo] (Anjiqow ysiy fenuajod (N JNEMPUNOLD [-Od-00T Ul 0] PIZA|RUR JON A Leg-wnumdan
(SABP S'TLE) 311 JleY HoYyS N t6-9soueIuely
X @{SINUILI 8°G7) 1| J{ey Hoys N PIC-pea]
X X @(8IN0Y $9°07) 931 Jjey HoYS N TITPea]
X @ (SSINUIL 1°9¢) a1 Jjey LoyS N T12-pea]
@ STBIA €£ZT) A1 JTey
X Sonposd Leaap ‘Furunoso Aj[eInjeu (O 12EMPUNOID [-Od-00T Wl 10] pazA[euR 10N N Olz-pey]
X @{8IN0Y £$7°€) A J[eY Loys ‘FuLunaso A[feimeN N 607-PeaT
X o (SARP 8) 211 J[BY HOYS N 1£1-2uIpo]
(85234 000°00L S 1) aJ1| JirY s{[am Bulionuow
ul sisA[eue 10) paule)al {[d QD 0[-¥-917 Ul pungj /010 San[eA 4ojnguuuod
asop euusjod ‘awnyd [uciSal e Jo WEd $I5uBpaddXa SUO UBY) JI0W PEY S[[am [
SIRAA (3] ISE| 241 uIylim sywif £101e[nSa1 Pasdx? $19913p-UOU 9§ PUE SI03)9P 679
wue g juel, Xv-v X X X S[[oM 901 WoJJ S)nsal $9¢° T Juasatd 0] §86 [ WIOL Q)T Wl I0] pazA[eue )se] A 62 [->2uIpo]
puod £-g-91¢
puod W-101T
qaNag 6T-v-91¢
QLD g9¢-v-91¢
qQUD GI-V-91C 13jaweled A3A4ns B SB [N§3sN Inq
uuej juey Xv-v X X JUBISS3SSE YSII JOJ |NJASh 10U SS[[am g/ [ WOJJ SINSAI §O¢ ¢ ‘900F Ul 10 PazA el Ise] N ©12Q S5015)

Amowmm Q) .H_:woq UONUOY pue m.oo:opmmo.m

90IN0S U d[qeiad) IvreMpUNCID) 1-Od-00T W
WI2dU0Y) [BNU)OJ JO SjuBUIIEIUO)) [eo130[01pEy "Z-d 9[qeL

0 AJY 1TOYPE-MDS




0Z-d

X {SIMuUILL // “) 931] JeY HOYS N LOT-wnn| ey,
3|Lqow A4 x;?ﬁua 000°712)
ay11 Jiey Suo] ‘A103s1y ssa00id Jo ped (S0UBPIDX SUO URY) 3I0W PRY S[[dM T
SIBAA ()] ISE[ Y1 WIYILA SSIUIL] A101B[NTBAL PIIDXI S102I9P-UOU 013Z PUE 510919p ¢
X X X 'S[[aMm Q] WOty s)nsau ¢¢7 Juasaid 0} §84 | WO ‘gQT Ul 10] PIZA[RUE SB] A 66-WLINIUYIIT,
S][am
Juiro)uow ur sisAjeur 10J paureial Wi QU VOE-Y-9[7 W (8.6 I8 pUnoj sanjea
p(saEak 67} ag1j Jrey Buol ‘Alolsiy $52001d JO HEJ ‘90UBPAIIXI SUO LB} JI0W PBy
S[[aM 7 512K () 1SB[ 9y} UIYIIA ‘STIUI] AI0JRINTAI P230Xa §133)0P-UOU ¢ PUE S)0319P TS
e yue], Xv-V X X X S[[em 701 Wolj s3nsal Z¢g uasasd 0] §361 WOy ‘o007 W I0] pazi[eue 1se] A Q6-wuniuonsg
J01NGLIIU0D 350p [erualod
X ‘(s1eak 0)0°59) a1 JTeY Suo \NO Larempunoln [-Od-00T Ul 10j pazA[eur JoN A GL-WNIuB|ag
SIeak Q] Ul I21empunoss
X Yoeal J0u |14 {108 01 punoq AjySy f1ajempuncld 211§ pIOJUBH Ul I0] PAZA[RUR JON N [ & [-wnllewes
W W paeurwIfa LquD g9¢-V-91¢
X X ur 1y /1€ 38 punoj sanfea [1os o} punoq Apyst | (skep go¢) 3711 JeYy Hoyg N 90 -tuniuayny
X n(SKeP T°6€) ] Jivy Woys N £0 [-wnuAyINy
aALsROIpES joU “ad010st 3[qRIS (O BHIBMPUNOLD) [-Od-00T W 10] PIZA[EUE JON N [O]-Wniuayinyg
X ((SPUOI3S OF) o71] JTBY LoyS N 90 | -wntpoiy
X G4ep 8°¢) 3| J1ey HOYS N ZZz-uopey
X ((5PU023s <) A Jley LoYyS N 0zZ-uopey
(81838 SL°) AN JIBY 'V JH Yim M3l1aal 13pun (SHY[) 1Bp AUIDIXO] ‘2[qe[IBAR SIwWI|
X X 03e[N33I OU SS[[am ¢ WO SINSAI §S ‘0007 01 8861 WO ‘000T ul 1o} pazA[gue jse] N gzz-wnipey
[10s 03 punoq A;3y3n ‘Bulunaso
X X X A|[ein3ey S[[2 £ WO SINS3L 7 ‘0007 01 8861 WO ‘0007 Ul 10) pazA[eue ise] N gzz-umnipey
X ; o(SAEP 8" 1) 2J1] J[BY HOUS N cZT-wnpey
X @ (SAEP 99°€) 371] Jjey poys N ¥T-wunipey
X @(SAeP ¥ 11) 3p1[ JieY Moys N gzz-wmipey
X plsemut £ 1°1) 1] Jjey woys N WpEZ-Wniunselolg
X @(S1N0Y £°9) 3J1[ JTey Moys N pEZ-WnIuoEI0l]
o(54BP LT) a1 Jley voys N £EZ-Wniunoel0lg
(sreak RTE) AN
X Jiey tap1ponuolpel sliqoll Aj[rgualod ‘N s1empunolsy 1-0d-00¢ Ul 0] paziJeus JoN A [ €Z-Wniunselorj
squI2 snodawnu Jo pasodsip sanuuenb QU g9¢-V-9[7 UL 13 66| 18 punoj
X sanjea x:ﬁbmu» 79'Z7) 371 Jiey MoyUs N0 Rempunolny 1-0d-007 Ul 10] pazieus JoN N L 1-wniyauiorg
{81834 000°000°08T 1) 31| Jiey ‘suwy] Arojgngar
X ou ‘S{[am /£ WOI] $)[NS2S $of “1u2sa1d 01 996 WOY (G(Q)7 Ul 10] PIZA[EUR 5B N Op-wnisselod

(so8eg g) "01307T UOTIUDIDY PUR SIDUIIIY

20In0g U 9[qesadQy wiempunoin) [-Qd-00g Ul
WI22UO)) [BLIUSIO JO SIUBURIRIUO,) [edISojoIpey "7-F 2[qel

0 ATY 1107E-MDS




124

o{SABP 6'€1T) A1 JIBY HOYS N X gg-owz

@{SInoY 0°¢9) 3511 J[ey Hoys N X go-untm A
UPUAL 61-V-91T
puod W-101Z UL ['£] 18 pUnoJ san[ea L0INGLIUCI 2SOP [eNUA0d (30UBPIIDXI SUO UBY)
qQUD OI-V-91Z 2I0W peY S[[3Mm T SIE3K ()] 1SB] o) UIY)Im iS)tuy) A1038nEal paaoxs §10212p-UoU ¢ pue

uue Jue[ Xy-v S10912P ¢ S[[aM 67 WO S NS g | ‘Wuasaud 01 9861 Welf ‘goQz Ul 10] pazijeue jse| A X gEZ-wuniueln
puod W-101Z loIngLyuos asop |enuajod DOURPasIXa 3UC UBY) 2JOW pey
QU OI-V-01Z {[34 2U0C S1B3A (3] I5B] Y3 UMM ‘SHIL] AI0)R|NF31 PIIIXI §193]9P-UOU { PUE S19213p

uueq Juel Xv-Yy OI3Z §||aMm T W0JJ S)NSal 9 | ‘wasasd 0 9861 WO 9007 UL 10] PAZA|BUR 158 N X S¢z-unen

puod W-101€

qQuD O1-V-91Z JoinqLuuos 3sop [enualod sywi) A1o)e[nSal pagaxad §13919p-UOU OJIZ pUe

uue, yuel, Xv-V S19313p { :S][AM §T UOJ SINSSI [T Jasaad 031 §86[ WoLJ S9007 Ul 10] pazZA[eue 158 A X EZ-wnIuel]

puod W-10H<T

qQuI 01-V-91Z snwij A103e[ndal1 paasxa

uued Juey Xvy-v 123]9P-UOU 0JIZ PUE 103]3D 0J3Z :[[oM U0 WO J|RSAI 3UO (766 Ul 0] pazh|eue 1587 N X PET/E CT-WNIURIN
puod ¢-g-91¢ s[[am Suirojuow
Yaug 62-v-912 ul sisA[eue 10J PIUIEIRI Wi {y) QUD O1-V-91T Wl 1D 00S ST UI SANfeA “10INGLIu0D
QU €g9€-V-91Z asop [enunod ‘awnjd [euorEal v Jo 1ed $2URPAIIIXS SUC UBY) IO PRY S[[9M €/
qud O1-V-912 s1eak (O 158] A1 uynam ‘spiury Laoje[ndal paadsxa §)031ap-UoU 0I3Z PUR S10)9P $80°T7

ule qUBL XV-V S|[aM €8] Wy sIMsal gz uasald o} 86| WL ‘90T UI 0] PIZAjRUR 1587] A X WL,
afST834 00000 1) a1

JIeY ‘j1os 01 punoq AIySn AJjeIsuad () JeMpunoIn [-0Od-00g Ul 10 pazi[eue 10N N X oz [-uy

(878K S11) AN J[BY ,06< P Y81y ‘nQ 131empunoIn [-Od-00g Ut 10§ pazi[eue JoN N X eri-un,

o{SABP 1'¥T) 311 Jley woys N X peg-wnuoy]

A1 J[Y € 31830] JOUUR ISTEMPUNOIS 9115 PIOJUBH Ul 10} PIZA[RUE JON N X fEZ-wney ],
(87824 000°000°00 T 1)
A1 31y ‘108 03 punoq AIYFn A|[e1aus (TN Ul BIEP OU ‘3]qE{IBAR S|

A1012[nS2) Ou ‘S[[am € WO SINSAL § ‘7661 01 8RG[ WO ‘766 UL 10] PIZA[RUR IS8 N ZEZ-wnnoy,

@fsmoy ¢ gz} agi jjey poys N X LEZ-wntioq],
@ SIEdK 000 LL) 9T1] J[8Y 'S183A (0O°[ Ut Jajempunosd

oBa1 10U {]1A 108 0] punoq A[IY3D (O I191eMpUNoLn) [-0Od-00F Ul 10] PIZA[RUE 10N N X Qsz-wnuoy],
H:Amhmoz 16°1) 311 J[BY ‘s183K §00° | W Isyempuncad

o831 10U []im {108 01 punog A[IY3n N tejempunolny 1-Qd-00z Ul 10§ pazi[eus JoN N X GTT-wnuoy L

@ (SAep £°81) 3411 ey Hoys N X LTT-Wnuo],

N X SoZ-wunjjeyy,

(sa8eq 9) 01807 uonulAY pue moocu..ﬁomom
200n0g U J[qesad() 1e1eMpuUnoIn) 1-0d-00Z Ul
LISOUOY) [BHUDI0 JO SJUBUIWIEIUOY) [BIIS0|0IPEY "7-d 9[qe]

0 AHYI TTOVE-MDS



i

“(3wun) [esodsip Jo/pue ‘a8e101s yudUNeIN] = sl

‘G461 JO 1Y LidA0IBY pup UONDAIISUOT) DINOSIY = Vi

‘(ssaooud 1o Jue|d) uondenxg wWniuei-wnueind =  X9AnNd

‘Juun aqessdo = no

"3poa uona|dap pue uonesaNgD 2dojos] 3PN O = ZNADNIO

"(10qe {1] 100005 395 001-$6-TH/AOM) NO 1-Md-007 31 10f nodar vonednsaaur Anjroey = did
"UI125109 [enuod JO JUBUIWEIOD = 240D

6861 0 12y AnpqUIT pun ‘ucipsiaduo) ‘asuodsay mMUAMUONANT 2Asuaya4dwo) = YIYHED
‘sisA[eue AS1oud eydle = vav

‘Apmis juswadeuew voe eFauFde = QWYY

"2 PAOJUDE 24 JO nodwI Va4 (7 Syl Ul JDSOASI(] 2SO |AFT-MOT 40f SISAiouy ansoduwioy ‘GOST 1 INNG

311§ PLOfUDH 211 fO WD) DALY (07 Y1 uf [pSOASIF 2S04 1243 T MOT 4of S1skpuy ansoduto?) ‘0081 [-TNNJ WOl sanfea Py

7SEAUCHRIPRLAOT RS MMM/ 7TdITY s1090e 1 3do|S-ANo[uadoutale) api|anuoIpey :3[qe], APYIAUOIPEY Vdd (LSYHAH WOy S3Al] JIeH |

‘Jiodayf ApmiS awaBvuppy vaay aWBa3EY 4ampunods) IS 007 6 1-76~TH/I0 Ul paisy| sanpuen),

) 21quaadQ) [-Od-007 241 4of 1odey wonpSisaauy oo PN ‘001-56-T/H0A Wi patuasaad se aikeue Jad 1uny ajqetad) 1sempunotsy [-Qd-Q0z 10J $93Is [esodsip put ‘a5e101s “JuswIEan VI,
nupy 21qraadQ) [-Od-07 24 40f 110day wonpBusacup v FYY 001-S6-T4/40d,

"$530044 Sprig AQ171QISVa.JyuonpSusacu] [ptpaua)f Hiip} ajgpiady

RIDUPUROID) §-J G007 21 J0 1oddng uy 102y Aipunung 2a122[40 jpnd PIDG ‘SPEST-AINM PUR NO 1-dF-00T WOL I 319 paIoU OO0 APrIS A111q1sv2.4/ucunBissauf [ipauiay juy) 21qpsad(y 430mpunossy S-dg-007 9007 Ad +of uvid sis€ppuv puv Jugdwuing ‘5-9007-TH/200,

HOIBUIYSOA "PUDPYIIY DS PLOJUD] SIS AISUM DAY SayduaL] pun squi) 3 ayi 4of Aprig Aupgisvad ‘99-p00T-TI/A0A
"SISAIDUY IS0 HODWDAT BUL2UBUT PUD UDld Y404 ApriS A11j1qisva,j/uoynIussauf (pipaway 11ur) ajqsad() dnosry aisvy aspapy pauuvidury [-¥11-00Z *65-v007-Ta/200
) 3jqpaad() (dnodn a1so4| 210SUIPUO) WIDAS)
[-D8-007 puv (dnotp 2isogf 421341 3utj00)) s3YUQ puv pucd I) p-MI-00Z (dnosD 2Isvyg 421044 81uj00) saydng puv puod §) T-MI-007 ‘(Anoin 315y 1a10y Sujoo)) sayon(l 7/puod 1) §-MD-007 241 4of Apnis dnpqisva.f “$7-+00Z-TH/A0A
1) 2qu4ad() AnodD 4amag [oUdYD) [-SD-00F 23 40f 1oday uounBnsaauf [pipaway ‘L 1-4007-TA/A0A
I} G LVMPUROAL) [-Od-(0T 24T 40f uv)d Sisdjpuy pup Sutdung “v0-£00Z-14/400
upld sisdppuy puv Sundung pup 2jquadQ) §-44-00¢ ‘1 1-7002-TH/A0A
UDI YtOM SA/TY W) 21qpaade) dnotd) apsug Kiorpioqu] [ponuay) ‘99-1007-Td/A0d
SHUY) 21qDL200) 9-Md-00Z PUD "£-Md-007 '[-Md-007 243 SIPRIU UDIJ YIOM S/ 11uif) B1quaad() dnois) 3ISopf SSa0044/a1psuapuo)) ssadodd yory-ouvSpauniuomyd ‘10-1002-T4/30d
‘U] Jutjdung pupy (SL VYD IS0 SS2904d puv uvld Y0 SA/IY 11y} 31qpiad() drosg) 21Sop SSe04q YOR§ WD) T-Md-00C ‘09-0007-TH/AOT
uvjd Jutjdung 1up) GSL VYOY §-H-91Z Puv uvld 3404 SA/TY 17} 21904940 [-4D-007 ‘LO-66-TH/HOA
J1U[Y 21904200 7-MS-(0T 3YT U1 SANS ISTAM G WIF PUD YL W fO UOUDZIAAIONIYD) 2AISRAHUIUON 10§ uonongsuf sispouy pub Buydung ‘£8787-A%d
MO39 3935 1$DJOD danedndap papiaoid 18y SIUSWINIOP ALE[[IOUR G) SIAJAI SIIUINOS I3y
$DJ0D JO 181[ [BUL LIOL] UOTSHIIXS 10 UOISN{dUL 3O 10} 2[F07,
SO0 JO 151 [EUL 3Y) WOLJ PIAOISL UISQ SBY JeYy) JUSNINSU0D € sjussaldal N, PUe ‘SJdQ0) SE PIpn{oul Sjuanjisuod suasasdas, £, ".N,. 10 , X, Se palou aIe sDJ00,
YAOMIN SULIOTIUOPY ADIDMPURCLD) DALY ISDT (07 PUD 134 007 paIvaBaui Py TIUTI/V AT Burysijquissy 4of oday Livwung saanzafge) Kiongd i ‘6TEST-dO,
Sitp) 21quaadQ) [-Od-007 PUP $-dF-00Z 24 40f Y10 BULIOTINORY AFIDMPUNOLD) D Sutuisa(q -140day Luvuiung saansa90) SHond vivg ‘6v0¥ 1- INNd,
“poday Apms pawaSouny vaty 2108088y npmpunoas) 1SoF 007 ‘61-76- T4 /404,
‘Hoday Apnig justdlpunpy vasy 2082433y 324008 XTYNd ‘FO-T6-T/A0,

S6-UNIqoIN

X X D0 se I ul pajeunui]a & (skep §°€9) aJ1] Jley uoys N JHNTU0.TZ
w{s1e3L 000°0ES" |) apHanuoIpeL PaA)|

X Buoy f1os o1 AIygn punoq A([e1auad () JRIEMPUNOID [-Od-00T W 10] pazAjeur JON ¥ £G-Wnuooiry

(sa8ed 9) 013077 UOTIUIDY PUE SIOUAIY

20mog U a[qelad() 191EMPUNOID) [-Od-00Z Ul
WI92U0D) [BNULI0J JO SJUBUIWEIUO)) [edo15ojo1pey] Z-H 9[qeL

0 AdYE TT0FE-MDS




SGW-34011 REV 0

APPENDIX F

ALTERNATIVE CHARACTERIZATION METHODS



SGW-34011 REV 0

This page intentionally left blank.




SGW-34011 REV 0

APPENDIX F

ALTERNATIVE CHARACTERIZATION METHODS

Table F-1 summarizes characterization methods that may be used to supplement investigative
measurements routinely used for Hanford Site aquifers, and includes references where

appropriate.

Supplemental methods can be useful in two main ways, which are (1) as an aid for determining
optimum locations for new wells, and (2) as a means for in situ estimation of factors such as
effective porosity and contaminant retardation.

Table F-1. Hydrogeologic Field Characterization Methods. (2 Pages)

Reflection Seismic.

structure (e.g., faults, stratigraphy).

Method | Capabilities | Limitations
Surface and Borehole Geophysics
Electrical Resistance Profiles motsture and the distribution of Depth resolution ~0 to 300 ft. Anomalies
Geophysical Method. conductive contaminants. require review and identification of data
artifacts, Most effective at differentiating
high moisture zones.
High Reselution Used to investigate subsurface geologic Depth resolution 100 to 1,000 ft. Acquisition

and processing expensive and difficult in
glacial deposits, but can offset cost of well
drilling. Requires accurate velocity models
for interpreting depth to basalt. Does not
resolve thin stratigraphic units. Anomalies
require review and identification of data
artifacts.

Magnetic Resonance
Sounding.

Can identify water table and top of basalt.

Data acquisition limited by presence of power
lines and metal structures.

Airborne and Ground
Electromagnetics (EM)
and Ground-Penetrating
Radar (GPR).

Useful for measuring thickness of clay layers,
delineating basement rock, and for identifying
landfills, tanks, pipelines, and other buried
structures.

Depth resolution of ground-based EM and
GPR is limited to <75 ft. Airbome EM can
penetrate up to 600 fi, but requires a line
spacing of 1,000 to 1,700 ft for high
resolution.

Cross-Borehole

Capable of tracing thin, fine-grained strata

Data resolution is affected by the distance

radionuclides and lithologic variability.

Geophysics. between boreholes. between boreholes. Best results obtained
when the well spacing is less than 500 ft.

Borehole Geophysical Multiple downhole tool capabilities primarily | Most downhole tools require a minimum

Logging. include measurement of gamma emitting casing diameter of 4 to 6 in. Effectiveness of

the tools is influenced by well construction
and well diameter.

Single-Well Tracer Tests

Multiple, Simultaneous
Point-Dilution Tests.

Uses in situ sensing of a conservative tracer
such as bromide to provide a vertical profile of
hydraulic conductivity for the screened section
of a well. Provides direct estimates of
volumetric flow when calibrated for well
construction. Can detect and quantify vertical
flow in a borchole (Newcomer et al., 1996).

Test duration is dependent upon groundwater
flow rate and ranges from a few hours to days.
Detailed vertical resolution requires manual
measurements.

F-1




Drift and Pumpback Test.

SGW-34011 REV 0

Yields direct estimates of effective porosity
and groundwater flow velocity. Primary
means for calibrating point-dilution tests to
account for well construction (Hall 1993).

Table F-1. Hydrogeologic Field Characterization Methods. (2 Pages)

Accuracy of test results is dependent upon
accurate knowledge of borehole hydraulic
conductivity and local gradient.

Radial Injection-
Withdrawal.

Direct in situ estimate of contaminant
retardation. This type of test can sometimes
be performed using innocuous chemical
surrogates for hazardous or radioactive

Performs best for physically homogeneous
aquifer with spatially uniform dispersivity,
and for linear equilibrium sorption.

contaminants. (Schroth et al., 2001).

Groundwater Flow Meter.

Downhole instrument uses heat pulse
technology te measure groundwater flow as
low as 0.1 fi/day, as well as the direction of
flow.

Indicated flow must be corrected for well
construction. Accuracy of flow direction may
depend on the location of the sensor within
the cross-section of the borehole.

Hall, S. H., 1993, “Single-Well Tracer Tests in Aquifer Characterization,” Ground Water Monitoring and Remediation,

v. 13, no. 2, pp. 118-124.

Newcomer, D. R., S. H. Hall, and V. R. Vermuel, 1996, “Use of Improved Hydrologic Testing Methods and Borehole
Geophysical Logging for Aquifer Characterization,” Ground Water Monitoring and Remediation, v. 16, no. 1, pp. 67-72.

Schroth, M. H., ]. D. [stok, and R. Haggerty, 2001, “In Situ Evaluation of Solute Retardation Using Single-Well Push-Pull
Tests,” Advance in Water Resources, v. 24, no. 1, pp. 105-117.
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