








Summary

The 100-FR-3 Operable Unit comprises the groundwater beneath the 100-F Area of the Hanford Site.
The 100-F Area housed one of the nine nuciear reactors on the Hanford Site involved in the production of
plutonium.

This document describes groundwater sampling and analysis requirements for the 100-FR-3 Operable
Unit. It specifies wells, aquifer sampling tubes, and shoreline springs to be monitor¢  constituents to be
analyz¢ and frequency of sampling. This monitoring plan differs from the previous plan slightly in the
wells and constituents monitored. The changes were based on evaluation of data cc :cted under previous
monitoring plans.

The 100-FR-3 Operable Unit includes the groundwater beneath the 100-F Area and adjacent regions
into which groundwater affected by operations in the 100-F Area may have migrated, including the
Columbia River shoreline. The groundwater in the 100-FR-3 Operable Unit has been. zcted by past-
practice discharge of liquid effluents to waste disposal facilities such as trenches, cribs, and retention
basins. The groundwater operable unit does not include the waste disposal facilities and underlying
vadose zone, which are associated with source operable units.

The Groundwater Performance Assessment Project (groundwater project) has defined a series of
“groundwater interest areas” within the Hanford Site for purposes of (a) interpreting all groundwater data
that may relate to an operable unit, and (b) scheduling and sampling wells efficiently. Consequently, this
sampling and analysis plan addresses an area larger than the operable unit, termed the 100-FR-3 ground-
water interest area. The interest area extends upgradient (west) of the 100-FR-3 Operable Unit, where it
abuts the 100-NR-2, 100-KR-4, and 200-BP-5 groundwater interest areas. The 100-FR-3 groundwater
interest area abuts the 200-PO-1 groundwater interest area to the sou east.

Thirty-four wells will be sampled annually or biennially. Nineteen aquifer sampling tube sites and
three shoreline springs will be sampled annually in the fall. Contaminants of concern are hexavalent
chromium, nitrate, strontium-90, trichloroethene, tritium, and uranium (gross alpha will be analyzed as an
indicator of uranium). Selected samples also will be analyzed for additional constituents, including
anions, metals, gross beta, ar  field parameters.
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1.0 1 troduction

The 100-FR-3 Operable Unit comprises the groundwater beneath the 100-F Area of the Hanford Site.
The 100-F Area housed one of the nine nuclear reactors on the Hanford Site involved in the production of
plutonium. Unlike the other reactor areas, the 100-F Area also contained an experimental biological
research station.

Groundwater monitoring at 100-F Area began during reactor operations and focused on relatively few
chemical and radiological constituents. Groundwater monitoring continued in the early 1990s under the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (Cl CLA; 40 CFR
300 Subpart E). | re monitoring wells were installed as part of the imited Field Investigations (DOE
1994 and 1996) to determine the nature and extent of contamination in groundwater.

The objective of this sampling and analysis plan is to bridge the gap between data obtained from
earlier investigations and the information required to support remedial action decisions (e.g., groundwater
data may be input to risk assessment models). This revision refines the monitoring network (wells and
aquifer sampling tubes), constituents, and schedule based on results of data collected under previous
plans. As in the previous plan, this document describes an integrated monitoring program that meet the
objectives of ( RCLA and the Atomic Energy Act of 1954 (AEA). However, AEA information is
provided for completeness and to fully integrate monitoring. Monitoring for contaminants under the AEA
is implemented under DOE O1 ' 450.1.

The 100-FR-3 Operable Unit includes the groundwater beneath the 100-F Area and adjacent regions
into which groundwater affected by operations in the 100-F Area may have migrated, including the
Columbia River shoreline. The groundwater in the 100-FR-3 Operable Unit has been affected by past-
practice discharge of liquid effluents to waste disposal facilities such as trenches, cribs, and retention
basins. The groundwater operable unit does not include the waste disposal facilities and underlying
vadose zone, which are associated with source operable units.

The Groundwater Performance Assessment Project (groundwater project) has defined a series of
“groundwater interest areas” (Figure 1) within the Hanford Site for purposes of (a) interpreting all
groundwater data that may relate to an oper. e unit, and (b) scheduling and sampling wells efficiently.
Consequently, this sampling and analysis plan addresses an area larger than the operable unit, te  ed the
1{ FR-3 grour vater interest area. The interest area extends upgradient (west) of the 100-FR-3
Operable Unit, where it abuts the 100-NR-2, 100-F 4, and 200-BP-5 groundwater interest areas. The
100-FR-3 groundwater interest area abuts the 200-PO-1 groundwater interest area to the southeast.

1 Backgrour

Waste disposal and leakage from retention basins contaminated the vadose zone and groundwater in
the 100-F Area during the operational lifespan of F Reactor (1945-1965). The operational history of the
100-F Reactor and its associated liquid and solid waste disposal sites, is presented in the /00-F Reactor







Site Technical Baseline Report Including Operable Units 100-FR-1 and 100-FR-2 (Deford 1993). Waste
stream categories identified in the Remedial Investigation/Feasibility Work Plan for the 100-FR-3
Operable Unit, Hanford Site, Richland, Washington (DOE 1992) include the following:

e Reactor process liquid waste and cooling water effluent
e Radioactive sludge/solid waste

o Reactor ventilation systems and inert gas system waste
e Animal research operations waste

e Sanitary liquid waste

e Non-radioactive liquid waste

e Non-radioactive solid waste

The single-pass design of the coi  ng system used in the F Reactor meant that treated Columbia River
water passed through the reactor, into large retention basins for a short period, and was then discharged to
the river via outfall pipes and spillways. Used coolant was held in the retention basins for several hours
to allow the temperature to decrease and for short-lived radionuclides to decay, thus reducing negative
impacts to the river’s ecosystem. Occasional fuel element ruptures in the reactor would cause the coolant
to become highly contaminated with long-lived radionuclides. When this occurred, the used coolant was
diverted to a liquid waste disposal trench for infiltration into the soil column, rather than being discharged
directly to the river. The timing of liquid discharges to ground was often based on the type of dis  arge.
Condensate from process systems and septic systems, for example, were generally discharged on a contin-
uous basis, whereas discharges from highly radioactive sources were sporadic and often followed an
event such as the rupture of fuel cladding in the reactor.

Surface and sub-surface disposal facilities that were associated with the operations at 100-F Area
contributed to groundwater contamination. Many of these structures and their ancillary systems have been
demolished, and many waste sites have been excavated to remove the contaminated sediment down to
~5 meters depth. The Tri-Party Agreement (Ecology et al. 1989) listed 30 individual sources aggregated
into two source operable units (100-FR-1 and 100 R-2). Other than the 105-F reactor building itself,
several specific categories of waste sites are listed in the /00-F Reactor Site Technical Baseline Report
Including Operable Units 100-FR-1 and 100-FR-2 (Deford 1993) and the Remedial Investigation/
Feasibility Work Plan for the 100-FR-3 Operable Unit, Hanford Site, Richland, Washington (DOE 1992).

Retention basin area, including the 116-F-14 retention basin, the 116-F-2 over »w trench, and other
areas associated with the control of cooling water from the retention basin.

e Cribs and trenches used to dispose of liquid waste associated with operation of the F Reactor. These
include the 116-F-1 trench, 116-F-3 fuel storage basin trench, 116-F-4 pluto crib, 116-F-5 ball
washer crib, and the 116-F-6 liquid waste trench.

¢ Trenches and burial areas used for disposal of liquid and solid waste associated with the animal
research laboratories, which mcludes the [16-F-9 animal waste leach trench.































the tube with highest specific conductance). If specific conductance is less than 160 uS/cm in all tubes,
the site is considered not representative of groundwater and no samples are collected for additional
analyses.

One exception to this general aquifer tube sampling procedure is for strontium-90. Where strontium-
90 is scheduled at an aquifer tube site, samples will be collected from all tubes, rega  :ss of the specific
conductance results. Previous data from the 100-B/C Area indicate that strontium-90 concentrations are
higher in shallow and mid-level tubes and are lower or undetectable in deep tubes (there are no multi- -
depth data from 100-F Area). Therefore, it is desirable to obtain several years of data from multiple
depths to confirm these trends.

2.3 Constifuents to be Mon )Hred

As stated in Section 1.2, the contaminants of concern for the 100-FR-3 Operable Unit are hexavalent
chromium, nitrate, strontium-90, tritium, trichloroethene, and uranium. Gross alpha activity will continue
to be analyzed as an indicator for uranium. This revision of the sampling and analysis plan does not
change any constituents of concern, although the choice of analyses has been modified in some cases (see
Appendix A). |

Gross alpha concentrations from samples collected in fiscal year 2004 were <10 pCi/L in most wells.
The highest values were ~14 pCi/L in wells 199 5-46 and 199-F8-4, and concentrations in those wells
have increased overall in the past 10 years. In addition to gross alpha, samples from those wells and
selected others will be analyzed for total uranium under this revised plan.

Concentrations of hexavalent chromium have remained below the 100-pug/L drinl g water at
monitoring wells and aquifer tubes in recent years. However, concentrations exceed the 10-ug/L Water
Quality Standard for Surface Waters of the State of Washington at some sampling locations. Also,
dissolved chromium increased to very near the drinking water standard in the fiscal year 2004 sample
from well 199-F5-6, so chromium will also be retained as a contaminant of concern.

All the wells, aquifer tubes, and springs are analyzed for a full suite of anions and metals to provide
information on general water chemistry. These analytical groups include the constituents of concern
nitrate (anions) and chrom n (metals). Total u in filter samples representst  soluble
species of chromium (hexavalent); thus, the wells are not sampled specifically for hexavalent chromium.

The previous sampling and analysis plan called for sampling all aquifer tubes for trichloroethene.
This revision eliminates the constituent at aquifer tubes that are not near the trichloroethene groundwater
plumes (see Appendix A for details). Trichloroethene was undetected in all of the aquifer tubes sampled
in fiscal year 2004.

-4 Water-Level Mon )ring
Groundwater levels are monitored on the Hanford Site primarily to help determine the direction and

rate of groundwater flow. This information is used to interpret contaminant plume movement and to
predict future movement.
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2.5.2 Chain of Custody

PNNL and the well sampling subcontractor use chain-of-custody procedures and documentation that
are consistent with Requirements for Quality Assurance Project Plans (EPA/240/B-( 003, EPA QA/R-5,
March 2001, as revised). Use of these protocols documents the integrity of groundwater samples from the
time of collection through data reporting. The forms are generated during scheduling (see Section 2.5.1)
and managed by the samplers.

2.5.3 Sample Collection

Groundwater samples are collected as described in a subcontractor procedure. Samples generally are
collected after three casing volumes of water have been purged from the well or after field parameters
(pH, temperature, specific conductance, and turbidity) have st ilized (i.e., after two consecutive
measurements are within 0.2 units pH, 0.2°C for temperature, 10% for specific conductance, ar turbidity
<5 Nephelometric Turbidity Units [NTU]). For routine groundwater samples, preservatives are added to
the collection bottles before their use in the field. Samples to be analyzed for metals are usually filtered
in the field so that results represent dissolved metals.

2.5.4 Analytical Protocols

Procedures for field measurements are specified in subcontractor’s procedures. Each instrument is
assigned a unique number that is tracked on field documentation and is calibrated and controlled
according to procedure. Additional calibration and use instructions are specified in the instrument user’s
manuals.

Laboratory analytical methods are specified in contracts with the laboratories, and are standard
methods from Test Methods for Evaluating Solid Waste: Phvsical/Chemical Methods (EPA SW-86, as
amended) or Methods for Chemical Analysis of Water and Wastes (EPA 600/4-79-020, 1979, as revised).

3.0 Quality Assurance

The groundwater project’s quality assurance plan is compliant with EPA Requirements for Quality
Assurance Project Plans (EPA/240/B-01/003, EPA QA/R-5, March 2001, as revised). A quality control
plan is included in the groundwater project quality assurance plan, and quality control sampling
requirements for subcontracted work are discussed in a statement of work.

The groundwater project’s quality control program is designed to assess and enhance the reliability
and validity of groundwater data. This is accomplished through evaluating the results of quality control
samples, conducting audits, and validating groundwater data. This section describes the quality control
program for the entire groundwater project, which includes the 100-FR-3 Operable Unit. The quality
control practices of the groundwater project are compliant with the 7ri-Party Agreement (Ecology et al.
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Groundwater samples that are associated (i.e., collected on the same date and analyzed by the same
method) with out-of-limit field blanks are flagged with a Q in the database to indicate a potential
contamination problem.

Field duplicates must agree within 20%, as measured by the relative percent difference (RPD), to be
acceptable. Only those field duplicates with at least one result greater than five times the appropriate
detection limit are evaluated. Unacceptable field duplicate results are also flagged with a “Q” in the
database.

For chemical analyses, the acceptance criteria for laboratory duplicates, matrix spikes, matrix spike
duplicates, surrogates, and laboratory control samples are generally derived from historic ~data at the
laboratories in accordance with Test Methods for Evaluating Solid Waste: Physical/Chemical Methods
(EPA SW-86, as amended). Typical acceptance limits are within 25% of the expected values, although
the limits may vary considerably with the method and analyte. For radiological analyses, the acceptance
limits for laboratory quality control samples are specified in the laboratory contract. Current values for
laboratory duplicates, matrix spikes, ar laboratory control samples are 20% RPD, 60%-140%, and 70%-
130%, respectively. These values are subject to change if the contract is modified or replaced.

Table 4 lists the acceptable recovery limits for the double blind standards. These samples are
prepared by spiking background well water (currently wells 699-19-88 and 699-49-100C) with known
concentrations of constituents of interest. Spiking concentrations range from the detection limit to the
upper limit of concentration determined in groundwater on the Hanford Site. Double blind standard
results that are outside the acceptance limits are investigated and appropriate actions are taken if
necessary.

Holding time is the elapsed time period between sample collection and analysis. Exceeding
recommended holding times could result in changes in constituent concentrations due to vi itilization,
decomposition, or other chemical alterations. Recommended holding times depend on the analytical
method, as specified in Test Methods for Evaluating Solid Waste: Physical/Chemical Methods (EPA
SW-86, as amended) or Methods for Chemical Analysis of Water and Wastes (EPA 600/4-79-020, 1979,
as revised). Holding times are specified in laboratory contracts. 1ata associated with exceeded holding
times are flagged with an “H” in the Hanford Environmental Information System (} 1S) database.

Additional quality control measures include laboratory audits and participation in nationally based
performance evaluation studies. The contract laboratories participate in national studies such as the EPA-
sanctioned water pollution and water supply performance evaluation studies. The groundwater project
periodically audits the analytical laboratories to identify and solve quality problems, or to prevent such
problems. Audit results are used to improve performance. Summaries of audit results and performance
evaluation studies are presented in the annual groundwater monitoring report.
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checks may include comparison of general parameters to their specific counterparts (e.g., conduc-
tivity to ions) and calculation of charge balances. Project scientists request data reviews if
appropriate (see Section 4.2). If necessary, the laboratory may be asked to check calculations or
re-analyze the sample, or the well may be resampled. After receiving quarterly reports, project
scientists review sampling summary tables to determine whether network wells were sampled and
analyzed as scheduled. If not, they work with other project staff to resolve the problem. Project
scientists also review quarterly reports of analytical and water-level data using the same techniques
as for biweekly reports. Unlike the biweekly reports, the quarterly reports usually include a full data
set (1.e., all the data from the wells sampled during the previous quarter have been received and
loaded into HEIS).

e Staff report results of quality control evaluations informally to project staff, DOE, and Washington
State Department of Ecology each quarter; DOE will provide them to EPA on request. Results for
each fiscal year are described in the annual groundwater monitoring report.

4.0 _ata Management, Evaluation, and Repor ng

This section describes how groundwater data are stored, retrieved, and interpreted.

4.1 Loading and Verifying Data

The contract laboratories report analytical results electronically and in hard copy. The electronic
results are loaded into HEIS. Hard copy data reports and field records are maintained as part of the
Tri-Party Agreement administrative record. Project staff perform an array of computer checks on the
electronic file for formatting, allowed values, data flagging (qualifiers), and completeness. Verification
of the hard copy results includes checks for (1) completeness, (2) notes on condition of samples upon
receipt by the laboratory, (3) notes on problems that arose during the analysis of the samples, and
(4) correct reporting of results. If data are incomplete or deficient, staff work with the laboratory to get
the problems corrected. Notes on condition of samples or problems during analysis may be used to
support data reviews (see Section 4.2). '

Field data such as specific conductance, pH, temperature, turbidity, and depth-to-water are recorded
on field records. Data management staff enter these into HEIS manually through data-entry screens,
verify each value against the hard copy, and initial each value on the hard copy.

4.2 Data Review

The groundwater project conducts special reviews of groundwater analytical data or field measure-
ments when results are in question. Groundwater project staff document the process on review forms, and
results are used to flag the data appropriately in HEIS. Various staff may initiate a review form: e.g.,
project scientists, data management staff, and quality control staff. A project scientist assigned to
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Appendix A

Comparison of ReviSed and Previous Monitoring Networks
for 100-FR-3 Operable Unit




A-pendix A

Co ¢ isc of Revised and I evious | ‘01 ng Netw( s
r  00-FR-3 Oper Dble

Table A.1 lists wells, aquifer tubes, and springs in the revise and previous monitoring networks,
summarizes changes to the monitoring program, and provides justification for those changes.
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Appendix B

Well Construction Summary



Appendix B

Well Construction Summary

Table B.1 summarizes well construction information, including casing material, type of open interval
(screened or perforated), elevation of open interval, and water column thickness. Table B.2 lists aquifer
tube depths and years installed. All aquifer tubes are constructed of polyethylene tubing with a screened
port in the aquifer.

B.1
















