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Summary

The 100-K Fuel Storage Basins (K Basins) contain irradiated nuclear fu. from past operations at the
N Reactor. The fu is in the process of being removed, stabilized, and transported to a Central Plateau
location for interim storage under the Spent Nuclear Fuels Project. The various remediation activities
and schedule associated with the K Basins are described in Tri-Party Agreement Milestone M-34-00.
Groundwater monitoring and impact assessment are conducted as a task within the Hanford Groundwater
Monitoring Project, which is managed by Pacific Northwest National Laboratory. The regulatory driver
for this task is DOE Order 5400.1, which implements requirements of the Atomic Energy Act of 1954
with respect to environmental monitoring.

This docu nt updates an exi oundwater m« > 1g and assessment plan for the K Basins to
ref t ent litic  and revises the monitoring strategy to reflect changing information needs. 1€
goals and purpose associated with this updated plan are:

e Characterize groundwater conditions between the K Basins and the Columbia River—to provide a
periodic status of current conditions and the attenuation of plumes.

¢ Distinguish between groundwater contamination associated with K Basins and contamination from
other past-practices sources—to help guide operational an remedial action decisions.

e Maintain a strategy for the potential expansion of monitoring capabilities—to respond to future basin-
related issues.

The| ncipal elements of the revised strategy include characterizing groundwater movement,
monitoring groundwater quality characteristics, identifying evidence for basin shielding water leakage,
evaluation and interpretation of results, potential expansion of monitoring location coverage, and earth-
quake seismicity monitoring. Specific objectives are included in this plan for each of these eler nts.

Primary changes to the sampling and analysis schedule involve increases to the number of wells
monitored, addition of several key indicator constituents, and a decrease in frequency of sampling for
wells adjacent to ear  basin. Sampling is now conducted ¢ a quarterly or semiannual basis, depending
on well location. Monitoring locations near the river have been added to the schedule; these locations are
sampled annually and include riverbank seepage sites and aquifer sampling tubes.

Data evaluation, interpretation, and reporting subtasks continue as in previous years. A biweekly
review of all new analytical results for the 100-K Area is performed. The Hanford Groundwater Moni-
toring Project provides quarterly interpretive reports via electronic mail to personnel at the Spent Nuclear
Fuels Project and the U.S. Depa nent of Energy. A comprehensive description of groundwater condi-
tions is prepared annually as part of the Hanford Groundwater Monitoring Project’s fiscal year report.
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EPA
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PN}
QA/QC
RCRA
RDR

Acronyms

Comprehensive Environmental Response, Compensation, and Liability Act
Data Viewer and Evaluat: (user interface to HEIS)

U.S. Department of Energy, Richland Operations, Washington

U.S. Environmental Protection Agency

Fiscal Year (October 1 to September 30)

Hanford Environmental Information System

Pacific Northwest National Laboratory

Quality Assurance/Quality Control

Resource Conservation and Recovery Act

R estfor taReview
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1.0 Introduction

The Spent Nuclear Fuels Project represents a challenging and expensive cleanup activity for the
Hanford Site. The concrete basins that contain the irradiated nuclear fuel are located in the 100-K Area,
in the northern portion of the Hanford Site (Figure 1.1). These two basins, each containing 4.5 1illion
liters (1.3 million gallons) of highly radioactive shielding water, are located within 400 meters
(1,312 feet) of the Columbia River.

Because of the potential impact to groundwater and the river in the event of a catastrophic loss of
shielding water, groundwater monitoring and impact assessment are integral parts of the project. An
understanding of the direction and rate of groundwater movement beneath the basins is essential for
predicting the movement of ¢ nt and future potential contaminants in  oundwater toward the river.
Knowii he chemical and radiological characteristics of the underlying groundwater provides informa-
tion on the sources of contaminants, and also whether various water quality standards (e.g., maximum
contaminant level for drinking water supplies) are being met. This information establishes ate nical
basis for decisions involving basin operations, fuel removal, facility decontamination, response  off-
normal events, and environmental restoration.

This groundwater monitoring plan presents a strategy for (a) sampling and analysis, (b) data
interpretation, and (c) reporting of conditions related to the subsurface environment in the vicinity of the
KE and LW Fuel Storage Basins (K Basins).

1.1 Background

Fuel storage basins are integral parts of the KE and KW Reactor buildings. They were originally
used to temporarily store irradiated fuel from the K Reactors prior to transport to the Central Plateau and
chemical separations plants. The basins are currently used to store irradiated fuel produced by the final
operation of the N Reactor. Some miscellaneous fuel debris resulting from the recent cleanup of storage
basins at other reactor areas also is currently stored in K Basins. Removal of the fuel from the K Basins,
processing to make the fuel less reactive, and interim storage at a Central Plateau location, are a high
priority of the Hanford Site cleanup (EPA 1999a). Removal of fuel elements began in December 2000
and is planned for completion by 2004. Removal of shielding water, sludge, and debris will continue to
2007, followed by “cocooning” of each reactor complex (TPA Milestone M-34-00; Ecology et al. 1998).

Radionuclides have contaminated the shielding water in each fuel storage basin, with the KE Basin
being the more contaminated of the two. Groundwater monitoring is underway near each basin to assess
the consequences of past and potential future leakage on groundwater quality and to support leak
detection efforts. This document presents an updated strategy for groundwater monitoring and
characterization activities; the plan builds on experience gained under previous monitoring schedules.
The list of wells, frequency of sampling, and suite of analyses have all been modified from the original
monitoring plan (Johnson et al. 1995).
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Information on historical operations of the K Basins are nearby waste sites is summarized in
Chapter 4 of this document. More detailed information on reactor operations . d waste sites in the 100-K
Area is provided in a technical baseline report prepared for the Environmental Restoration program
(Carpenter and Cot0 1994). A description of reactor design and operations can be found in an operations
report prepared by General I :ctric Company (HAPO 1963).

The hydrologic setting and current distribution of contaminants in groundwater are described in
Chapter 5. Additional updated information on groundwater beneath the )0-K Area is presented annually
in the Hanford Groundwater Monitoring Project annual report (e.g., Peterson and McMahon 2002).

Groundwater monitoring is conducted at the 100-K Area to meet objectives associated with multiple
regulatory drivers. These include a) K Basins Interim Remedial Action under the Comprehensive
ivironmental Response, Compensation, and Liability Act [CERCIL.A], b) Environmental Restoration
Programr  erable unit activities under CERCLA (100-KR-2 and 100-KR-4), and ¢) sitewide
environmental surveillance associated with the Atomic Energy Act of 1954. Sampling and analysis
schedules for all these projects are coordinated through the Hanford Groundwater Monitoring Proje by
acific Northwest National Laboratory (PNNL) to provide efficient and cost-effective use of field and
laboratory resources. A report that shows the integration of groundwater monitoring activities is prepare
annually (e.g., Hartman et al. 2001).

2 Monitoring Project Goals

The goals and their purpose for the K Basins groundwater monitoring task were containedi the
initial groundwater monitoring and assessment plan for this facility (Johnson et al. 1995). They are
restated in this updated monitoring plan with minor changes, although their basic intent remains
essentially the same:

e Characterize groundwater conditions between the K Basins and the Columbia River—to provide a
periodic status of current conditions and the attenuation of plumes.

¢ Distinguish between groundwater contamination associated with K Basins and contamination from
other past-practices sources—to help guide operational and remedial action decisions.

e Maintain a strategy for the potential expansion of monitoring capabilities—to respond to future basin-
related issues.

Achieving these goals will provide information that is relevant to operational decisions at the
K Basins, which might include a need to anticipate the environmental consequences of future hypothetical
loss of shielding water. The groundwater quality data and new interpretations of contaminant movement
in the area will also contribute to the technical basis for a future record-of-decision (ROD) for
groundwater remedial action.

Specific data collection and interpretation objectives to attain these goals are described in Chapter 2.
Implementation of the strategy is presented in Chapter 3.
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Facility Effluent Monitoring Plan for K Area Spent Fuel Storage Basin (Hunacek 2000)
Modifications to the Groundwater Sampling and Analysis Schedules for the 100-KR-4 Operable nit
Groundwater Sampling Project. Tri-Party Agreement National Priorities List Ch.  ge Control Form
No. 108, Appendix E (TPA 1996)

Groundwater Monitoring Implementation Plan for the 100-BC-5, 100-KR-4, 100-HR-3, and 100-FR-3
Operable Units, Hanford Site (Peterson and Raidl 1996)

Interim Action Monitoring Plan for the 100-HR-3 and 100-KR-4 Operable Units (DOE L 1997)
ey Groundwater Assessi 'nt Reports
Limited  eld Investigation Report for the 100-KR-4 Operable Unit (DOE/RL 1994)

Groundwater Monitoring Results for the 100-K Area Fuel Storage Basins: January 1 to March 31, 1994
sterson 1994)

Groundwater Monitoring Results for the 100-K Area Fuel Storage Basins: March to December 1994
(Johnson and Chou 1995)

Groundwater Monitoring Results for the 100-K Area Fuel Storage Basins: January to June, 1995
(Johnson and Evelo 1995)

Conceptual Site Models for Groundwater Contamination at 100-BC-5, 100-KR-4, 100-HR-3, and
100-FR-3 Operable Units, Hanford Site (Peterson et al. 1996)

Groundwater Monitoring for the 100-K Area Fuel Storage Basins: July 1996 Through April 1998
(Johnsonet.  1998) '

Annual reports prepared by the Hanford Groundwater Monitoring Project (e.g., Peterson and McMahon
2002)

ey Reports Associated with the Spent Nuclear Fuels Project
K Basins Environmental Impact Statement Technical Input (Bergsman et al. 1995)

Management of Spent Nuclear Fuel from the K Basins at the Hanford Site, Richland, Washington. Draft
Environmental Impact Statement (DOE/RL 1995)

Management of Spent Nuclear Fuel from the K Basins at the Hanford Site, Richland, Washington.
Addendum: Final Environmental Impact Statement (DOE/RL 1996)
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Focused Feasibility Study for the K Basins Interim Remedial Action (DOE/RL 1999a)
Proposed Plan for the K Basins Interim Remedial Action (DOE/RL 1999b)

Alternate Fuel Transfer for the 105-1 Basin Spent Nuclear Fuel, 100-K Area, Hanford Site, Richland,
Washington. Supplemental ¢ alysis to the Final Environmental Impact Statement (DOE/RL 2001)

Record of Decision for the USDOE Hanford 100-KR-2 Operable Unit K Basins Interim Remedial Action
(EPA 1999a)
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3  Sa pling, Analysis, and Eval ation

This section describes the sampling and analysis schedule, protocols, methods used to evaluate new
monitoring data, and quality assurance/qu. ty control issues. The monitoring schedule and evaluation
methods presented in this plan are intended to satisfy the objectives described in Chapter 2 for ground-
water monitoring associated with the K Basins.

Sche 1le

The sampling and analysis schedule involves a blend of ita collection to support (a) current opera-
tions at the basins and ) assessment of past basin leakage on groundwater conditions. The capability to
distinguish ¢ »ng various potential sources for contaminants currently detected in I Area ground-
wa is a key objective of the monitoring prc . Because of this objective, the sa g and analysis
schedule supports a combination of objectives involving an operating facility and past-practice waste
disposal sites.

Sampling and Analysis: K Basins

The list of wells to be sampled, their role in the monitoring network, and the analyses to be pe rmed
are presented in Table 3.1. The table represents the level of effort deemed appropriate for supporting the
project objectives under conditions that exist during fiscal year 2002 (October 1, 2001 to September 30,
2002). At each basin, the wells most likely to detect new or renewed leakage are shown in bold, as are
the key constituents that identify shielding water.

Because sufficient time has passed for plumes created by past leakage from the fuel storage asins to
reach the Columbia River, samples also will be ¢t ected from shoreline monitoring sites, i.e., riverbank
seepage and aquifer sampling tubes. The schedule for this sampling is shown in Table 3.2.

3.1.2 Sampling and Analysis: Other Prc :cts

There are two additional monitoring schedules for projects in the 100-K Area: (1) performance
evaluation and compliance monitoring associated with e interim remedial action for chromium near the
100-K Trench (DOE/RL 1997) and (2) long-te 1 monitoring of past-practices waste sites associated with
the 100-KR-4 Operable Unit (TPA 1996). Some overlap in objectives for the latter project exists with the
project objectives defined for the K Basins. An integrated list of sampling and analysis activities for the
100-K Area is included as Appendix A.
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Suspect or out-of-trend results are submitted for further review via the Request-for-Data-Review
process using the DaVE interface. Occasionally, a laboratory may be asked to re-check calculations,
re-analyze the sample, or the well may be re-sampled. Current requirements call for a project scientist
review of all newly loaded groundwater data on at least a biweekly schedule.

3.3.3 Virtual Library

1e Virtual Library is a relatively new user interface to various databases on the Hanford Site,
including the HEIS (Connelly and Delamare 2001). It was originally developed under Bechtel Hanford,
Inc., and is currently maintained by Fluor Hanford, Inc. It is available to Hanford Site personnel via
internal networks but is not available outside of the Hanford system (Intranet address is:
http://vlprod.rl.gov/index.cfm). The Virtual Library is an easy-to-use and versatile interface for viewing
historical groundwater data. Among its advantages are multiple methods to search for data from a
geograp : area; capability for saving well lists and constituent lists for repeated searches; and trend
charting of constituent concentrations and water levels. The Virtual Library interface can also connect the
user with databases other than the HEIS.

3.4 Data Interpretation

Interpretation of new data involves various methods to view and manipulate the data, and considera-
tion of whether the data represent aquifer conditions. Conclusions drawn must include some analysis of
the uncertainty associated with various aspects of the interpretation.

34 Methods

Methods typically used to help interpret newly acquired groundwater data for the purposes of this
monitoring project may include the following:

e Hydrographs — Graphs of water level elevation versus time to determine magnitude of fluctuations
caused by seasonal precipitation cycles and/or human activities (e.g., remedial actions involving
pump-and-treat operations).

e Water-Table Maps — Contour lines of equal water-table elevation provide information on the direction
of flow and hydraulic gradients, which are used to estimate groundwater flow velocity.

¢ Trend Plots — Graphs showing the concentration of chemical or radiological constituents versus time
to determine increases, decreases, and variability. Combinations of multiple constituents and/or
water-table elevation may reveal information for explaining variability or consistent trends.

¢ Plume Maps — Contour lines that represent equal concentrations of chemical or radiological constitu-
ents illustrate the areal distribution and approximate boundaries of plumes. Changes in plume shape
over time can be used to infer preferential flow pathways. Changes in areal extent, plume volume,
and mass of contaminants can be used to demonstrate the degree of natural attenuation (EPA 1999b).
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e Contaminant Ratios — Ratios of various groundwater constituents can often be diagnostic of a
particular waste site or facility contaminant source.

3.4.2 Sample Representativeness 1d Uncerta ty

The credibility of interpretations is determined by (a) how representative sample data are of actual
aquifer conditions and (b) uncertainties associated with the various processes that influence the movement
and concentrations of contaminants. Some uncertainty can be quantified, suc as that associated with
analytical methods; other causes for uncertainty are subjective.

The accuracy and details associated with maps that portray the water table and contaminant plumes
are limited by the availability of monitoring wells. The total number of wells 1at cover a particular
plume and the layout of the we network are the key parameters. For the region between the K Reactors
and the Columbia River, monitoring well coverage is poor with respect to del zating contaminant
plumes, but adequate for detection monitoring dowt _ dient of suspected contaminant sources. Well
construction characteristics play a role also, in that the length of the screened or perforated interval
relative to the thickness of the contaminated zone will influence the contamir t concentration measured
in a sample,

Variability in concentration trends detected in groundwater at a well can be caused by processes other
than simple passage of a plume of varying concentration. If the contaminant is layered in the aquifer or
has a strong vertical concentration gradient, samples collected during different periods of water-table
elevation may show a variable concentration, because the pump inlet stays at a fixed elevation. This may
occur in wells cated close to! : Columbia River. For wells located near the river, contaminant
concentrations also may be reduced by mixing between groundwater and river water that infiltrates the
banks during high river stage. Finally, where the overlying vadose zone contains contaminants, a
temporarily elevated water table may cause contaminant remobilization, witt  subsequent rise in
groundwater concentrations.

Because some areas of the vadose are still contaminated by past-practices disposal of radiological and
chemical effluents, infiltration of moisture from the ground surface must be ¢ trolled to prevent further
mobilization of those contaminants. Clues to whether this is occurring can be und in basic water chem-
istry (e.g., changes in specific conductance); increases in constituents associated with surface water (e.g.,
calcium increases because of salt applied to roads for ice control); and correla  n of concentration
changes with heavy rainfall or snow melt events. Flushing of fire hydrants, a ication of dust control
water, and water utility line breaks have all occurred in the past in the 100-K Area, thus creating the
potenti: to remobilize contaminants held in the vadose zone.

Since October 1997, groundwater extraction and injection operations have taken place as part of
interim remedial actions. Extraction and injection create localized changes in e groundwater flow field,
causing a redistribution of contaminants. Radial flow toward extraction wells, and outward from injection
wells, can alter flow sufficiently to displace previously undetected plumes to locations where they may
now be detected in monitoring wells, or vice versa (i.e., away from wells).
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3.5 Reporting

The frequency of reporting for the K Basins monitoring project will generally follow the frequency of
acquiring new field data on aquifer conditions (i.e., quarterly). Periodic status reports will be prepared to
describe new analytical results and their implications with respect to monitoring objectives. The Hanford
Groundwater Monitoring Project will distribute these reports to contractor and DOE staff associated with
the Spent Nuclear Fuels Project via e-mail.

A full description of groundwater conditions and remediation activities at the 100-K Area will be
prepared annually as part of the Hanford Groundwater Monitoring Project fiscal year report (e.g.,
Hartman et al. 2002, Section 2.3).

6 ( Assur: i 1Qu rol

-.le Hanford Groundwater Monitoring Project’s quality assurance/quality control (QA/QC) program
is designed to assess and enhance the reliability and validity of groundwater data. The primary quantita-
tive measures or parameters used to assess data quality are accuracy, precision, completeness, and the
method detection limit. Qualitative measures include representativeness and comparability. Goals for
data representativeness for groundwater monitoring projects are addressed qualitatively by the specifi-
cation of well locations, wi  construction, sampling intervals, and sampling and analysis techn 1es in
the groundwater monitoring plan for each facility being monitored.

Comparability is the confidence with which one data set can be compared to another. The QC
parameters are evaluated through laboratory checks (e.g., matrix spikes, laboratory blanks), replicate
sampling and analysis, analysis of blind standards and blanks, and inter-laboratory comparisons.
Acceptance criteria have been established for each of these parameters, based on guidance from the
U.S. Environmental Protection Agency (EPA 1986b). When a parameter is outside the criteria, corrective
actions are taken to prevent a future occurrence and affected data are flagged in the database.
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4.0 Facility Description

1is section describes facility features and operations associated with the KE and KW Fuel Storage
Basins. It summarizes the technical information on which the groundwater monitoring strategy is based.
A map showing the locations of various facilities, waste sites, monitoring sites, and geographic features of
significance to the groundwater monitoring project is shown in Figure 1.3.

4.  Fuel Storage Basin Characteristics

The K 1sins currently store irradiated fuel elements from past operations of the ~Reactor. Compre-
hensive descriptions of the facilities and stored fuel are provided in Bergsman et al. (1995) and Praga
(19 . Those reports w  preparedto  vide te 1ical information for an environmental impact
statement about the management of spent nuclear fuel (DOE/RL 1995) and a focused feasibility study
for interim remedial action (DOE/RL 1999a). The interim remedial action is described in a record of
decision for the K Basins (EPA 1999a), which are facilities within the 100-KR-2 Operable Unit. The
following brief description is derived primarily from the focused feasibility study (DOE/RL 1999a).

4 1 Facility Design and Operations

The principal features of the K Basins are illustrated in Figure 4.1. They are concrete structures that
were originally designed for temporary storage of irradiated fuel from the K Reactors prior to transport to
the 200 Areas for chemical processing to recover plutonium. The original design for the shielding water
system provided open circuit circulation, i.e., water was added and discharged on a frequent basis so that
the radiation level was controlled. In 1975, the K Basins were modified to a closed circuit circulation
system. The closed system circulates water through chillers for temperature control and through resin
exchange ¢ imns to remove radionuclides. Following these modifications, irradiated fuel from the
N Reactor was placed in the basins.

KE Basin initially contained approximately 1,150 metric tons (1,268 tons) of irradiated NR reactor
fuel. Much of that fuel has deteriorated because of damage to the cladding and from being stored in open
canisters. The deterioration has resulted in high concentrations of radionuclides in the shielding water
and accumulation of radioactive sludge on the basin floors. Approximately 953 metric tons (1,050 tons)
of fuel were initially stored at KW Basin in closed containers, so any fuel corrosion debris is contained.
Consequently, the shielding water at KW Basin is less contaminated, and the accumulation of sludge on
the basin floor is less than at the KE Basin.

The interim remedial action to remove the spent nuclear fuel is underway, with the first actual
removal of fuel having occurred on December 7, 2000, at the KW  asin. The Tri-Party Agreement
(Ecology et al. 1998) lists July 31, 2004 as the interim m :stone date by which all fuel will be removed,
with the remaining radioactive sludge, debris, and shielding water scheduled for removal by 2007 (TPA
Milestone M-34-00A).
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The water level in each basin is monitored continuously by a bubbler system and water level gauge.
Based on water level data, calculations are performed periodically to determine water loss (Conn 1992).
Any loss greater than that estimated to be from evaporation is interpreted as seepage to the ground. In
the event of suspected water loss to the environment, notification is made to the Hanford Groundwater
Monitoring Project. Clean makeup water is added periodically to maintain the water level within desired
limits. Basin water levels and moisture collection system sumps are monitored as part of daily shift
operations.

Makeup water for routine replacement of water lost via evaporation, and for emergency use in the
event of major leakage, is stored in clearwells located adjacent to the KE reactor complex. One of the
four clearwells originally used to store treated river water for use as reactor coolant is currently main-
tained for this purpose.'” The clearwell at the southeast corner of the KE Reactor building holds approx-
imately 34 million liters (9 million gallons) of clean water for use in the fire suppression utility lines and
as makeup water for the basins.

4.1.3 Shielding Water Characteristics

Tritium is present at relatively high concentrations in each basin. Because of tritium’s mobility, it is
used as the primary indicator to track potential leakage that gets into the groundwater flow system.
Antimony-125 is also a mobile radionuclide, but has a short half-life (9.5 months) so is less useful for
tracking groundwater plumes. Technetium-99 is presumed to be present in relatively small concentrations
and is useful as an indicator of shielding water, although because of the relatively small amounts, it is less
useful than tritium for delineating plumes. Strontium-90 and cesium-137 are present in the K Basins,
although they are less mobile in the environment because of adsorption onto sediment. The shielding
water in KE Basin contains higher concentrations of radionuclides than does the KW Basin, because of
the better condition and containment of fuel stored in the latter basin. The concentrations of tritium,
strontium-90, and cesium-137 in each basin are shown in Figures 4.2 and 4.3.

The water temperature in each K Basin is maintained between 10 and 16 degrees C. (50 and
60 degrees F.). During 1977, unusually high water loss was observed from the KE Basin. The relatively
lower temperatures during the winter months were a suspected contributor to the leakage rate (Poppe
1980). Cooler basin water temperatures were thought to cause concrete contraction and an expansion of
minor cracks that are present in the basin. Since then, basin water temperatures have been kept fairly
constant and at optimal levels to minimize seepage through minor cracks. During a subsequent investi-
gation of water levels and water temperatures in the K Basins, it was suggested that higher temperatures
(i.e., above an optimal range) could also lead to increased water loss associated with the expansion of the
basin concrete bottoms and sides (although minor cracks would be expected to close under increased
temperatures (Conn 1992, pp. 3 and 10). The preferred explanation, however, is that increased water
temperatures lead to increased evaporation loss, not necessarily leakage loss.

2 Personal communication from G. S. Hunacek (Fluor Hanford, Inc.) to R. E. Peterson (Pacific Northwest
National Laboratory), Richland, Washington, dated July 2001.
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4.2 Historical Leakage Events

There have been two periods of extensive leakage from KE Basin. The first occurred during the early
phase of converting the basin from its original purpose during reactor operations to that of storage of fuel
from the N Reactor. The second period occurred approximately 13 years later. There are no documented
occurrences of leakage from the KW Basin.

4.2.1 KE Basin-1976 to 1979

Approximately 56.8 million liters (15 million gallons) of shielding water are estimated to have been
lost to the underlying soil column during the period 1976 to 1979 (DC™ RL 1999a, p. 2-2). The state of
Oregon requested DOE perform an in-depth analysis of this leakage period. Highlights from that analysis

follow: "

e Water loss during this period had been monitored using drawdown tests in the basin, and the leakage
rate was determined to be dependent on water temperature, i.e., higher leak rates were associated with
cooler temperatures. Peak water loss rate was 1,819 liters (480 gallons) per hour, which occurred
during 1977 to 1978.

e The refurbishing of KW Basin revealed the reason KE Basin was leaking, i.e., the construction joint
between the storage basin and reactor building was identified as the potential leakage site.

e Sealing the construction joint was competed in May 1980.

e Four new monitoring wells were installed along the downgradient side of the KE Basin in 1981.

Radionuclide concentrations in the KE Basin were relatively low during leakage in the late  370s.
However, approximately 2,500 curies of radionuclides, exclusive of tritium, were estimated to have been
released (Table 4.1), with peak water loss rates occurring during 1977. This inventory, except for tritium

Table 4.1. Estimate of Radionuclides Released During 1970s Leakage

| Estimated 1980 Inventory Half-Life Mobility 1n Soil "
Radionuclide in Soil Column (Ci) (yrs) and Water

Cobalt-60 3.6 5.271 Low

| Ctrnntinm ON 1,470.0 29.1 Medium
CESIUI-19 / 1,050.0 30.17 Low
Plutonium~ 7@ 0.21 87.7 Madjum
Plutonium-2s9/24v | 13 24,100 veaium
Source: Letter, J. R. Hunter (U.>. wepartment of Energy) to Mary Lou Blazek (Oregon
Department of Energy) 105-KE Storage Basin Leak, Decemh~ 11 1020

" Letter from J. R. Hunter (U.S. Department of Energy) to Mary Lou Blazek (Oregon Department of
Energy) 105-KE Storage Basin Leak, dated December 11, 1989.
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(and possibly minor amounts « antimony-125 and technetium-99), was largely retained within the vadose
zone because of adsorption onto soil particles. Following passage of the most mobile radionuclides (i.e.,
tritium and technetium-99), strontium-90 is probably the next radionuclide most likely to appear in
groundwater monitoring wells downgradient of the basin. An earlier estimate suggested 1.4 years for
strontium-90 to reach the water table and a travel time via groundwater flow to the nearest downgradient
well of 26 years (Johnson et al. 1995, pg. 3-7). Assuming strontium-90 did reach groundwater by 1979, it
should appear at downgradient monitoring well 199-K-27 in approximately 2005. Slow downward migra-
tion of radionuclides from past leakage, such as strontium-90, is expected to  ntinue for many years.

There were no monitoring wells within reasonable proximity downgradient of the basin in the late
1970s, so no record of the plume created by this leakage is available. Earlier speculation suggested that a
tritium pulse seen in well 199-K-19 in the early-to-mid 1980s represented leakage from the 1976 to 1979
period (Johnson et al. 1995, p. 1-7). In light of more current information on ; >undwater flow velocity
and flow direction, it seems an unlikely connection, unless a preferential pathway, such as underground
p ng, was involved.

Monitoring at the new wells installed in 1981 did not reveal evidence of a groundwater plume, as
illustrated by the trend plots shown in Figure 4.4. The explanation is that the ume created by the 1976
to 1979 leakage had already passed downgradient of these well locations.

An increase in tritium concentrations at downgradient well 199-K-27 started in approximately 1989
and peaked in 1990, as shown in Figure 4.4. At the time, a detailed evaluation of water loss rates from

700,000 T ‘ ]
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Figure 4.4.  -itium Concentrations at New Wells Installed Following 1976-1979 Leakage from
KE Basin
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the plume, which has remained elusive because of limited coverage by wells. It appears that the plume
front arrived at downgradient well 199-K-32A 1in fall 2000 (see Section 5.2 for further discussion of rate).

4.3 Sources of Groundwater Contamination Adjacent to K Basins

Additional past-practices waste sites that are potential sources for contaminants common to the fuel
storage basins are present near each of the K Reactor complexes (see Figure 1.3). None are currently
operating; disposal to these sites ended with the shutdown of the reactors in 1971. However, because the
vadose zone beneath these sites contains residual amounts of contamination, continual downward move-
ment into groundwater occurs. The following brief descriptions are summarized from the technical
baseline report for the 100-KR-4 Operable Unit (Carpenter and Coté 1994) unless otherwise cited.

4.3.1 Reactor Atmosphere Gas Condensate Cribs

These cribs are located approximately 30 meters (100 feet) to the east of each reactor building,
beneath gravel-covered areas currently used as parking space. The crib at KE Reactor is designated the
115-KE Condensate Crib (waste site 116-KE-1) and at KW Reactor the 115-KW Condensate Crib (waste
site 116-KW-1). Each received an estimated 800,000 liters (21,120 gallons) of condensate effluent from
the reactor gas purification systems during the reactor operating years of 1955 to 1971. The most
abundant and mobile contaminants were carbon-14 and tritium, with each crib receiving approximately
100 curies of each radionuclide. During the operating years, no groundwater monitoring wells were
installed downgradient of the cribs, so their effect on groundwater conditions was unknown.

Groundwater monitoring wells constructed in 1992 are located approximately 40 meters (130 feet)
downgradient from each crib. Elevated tritium and carbon-14 concentrations are detected at each of these
wells, indicating a continual downward migration of contamination from past disposal which maintains
the current plumes. At the KE Condensate Crib, evidence suggests that the rate of downward migration is
enhanced by infiltration of moisture from the surface (i.e., rainfall and snow melt). Remediation of these
cribs is scheduled to follow completion of spent fuel tran :r from the fuel storage basins.

4.3.2 Fuel Storage Basins Drain Fields

Each fuel storage basin had a sub-basin moisture collection system that routed effluent to a drain
field, which included a vertical steel casing extending downward to approximately 3 meters (10 feet)
below the water table. At KE Reactor the drain field is designated the KE Basin French drain or reverse
well (waste site 116-KE-3) and at the KW Reactor it is referred to as the KW Basin French drain/reverse
well (waste site 116-KW-2). The drain fields were used during the operating years (1955 to 1971) and
were physically disconnected from the sub-basin moisture collection systems during 1977 to 1978. No
groundwater monitoring wells were in existence downgradient of these drain fields during the years that
they were in operation, so the magnitude of their effect on groundwater is unknown.

Residual amounts of radionuclides (e.g., strontium-90 and cesium-137) are likely to remain in the
vadose zone beneath these waste sites. Monitoring wells constructed in 1992 are located close to each of
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2001 (Hartshomm et.  2001). This earthquake was clearly felt by those present in the 100-K Area
facilities at the time. Of the five strong motion accelerometers on the Hanford Site, those at 100-K and
200 East Areas recorded the highest accelerations, which were a; roximately 0.002 to 0.003 g (gravity)
for vertical motion, and 0.002 to 0.005 g for horizontal motion.

5.2 Aquifer Characteristics

The uppermost hydrologic unit (i.e., water-table aquifer) is the saturated portion of Ringold Forma-
tion Unit E. This unit consists of poorly sorted fluvial gravel and fluvial sand facies. In general, the unit
is considered moderately transmissive to groundwater movement. Unit E is underlain by less tran  iis-
sive fine-grained sediment of predominantly mud and sand mud facies that is associated with paleosols
and fluvial overbank depositional environments. The contact between the two units is considered e
bottom of the uppermost aquifer.

The water-table elevation beneath the 100-K Area is shown in Figure 5.4. The average elevation
detected in 100-K Area monitoring wells during the period August 1992 to August 1995 is listed in
Table 5.1. This period was chosen to illustrate the variability in elevations observed at each we  in
response to changes in river stage elevation. These years represent moder :ly low Columbia River
discharge conditions, so average elevations may be higher during periods of greater discharge (e.g.,
during 1996 and 1997). However, abundant measurements were ava ble for this* iod, thus providing
a statistically more significant record of how responsive ea  well is to river stage changes. Note that the
observed range in elevations generally decreases with increasing distance i1 ind from the river, although
this is not always true. Water levels in wells situated in more transmissive sediment (i.e., greater vertic:
hydraulic conductivity) will show a greate1 :sponse to river stage fluctuations than those in less
transmissive sediment.

The depth from the surface to the water table (depth-to-water) in 100-K Area wi s generally falls in
the range of approximately 6 to 30 meters (20 to 100 feet). A summary of all depth-to-water measure-
ments made between January 1990 and January 2002 is presented in Table 5.2. This broad period of

zasurements illustrates the total range through which the water table may vary at a particular well and
covers several multi-year drought and flood cycles of the Columbia River. (Note: ValuesinT le 5.2
are presented in feet, to be consistent with the units normally used in the field and on well construction
and geologic logs.)

The hydraulic conductivity for the uppermost hydrologic unit has been measured using slug tests
in the range 6 to 44 meters (19 to 145 feet) per day in a variety of 100-K Area wells (DOE/RL 1994).
Porosities measured for sediment samples collected during well drilling have ranged from 10 to 40% for
the uppermost aquifer (Williams 1994). Based on these discreet measurements and other more rec t
information, itis elieved that representative values for hydraulic conductivity fall in the range 5 to
25 meters (16.4 to 82 feet) per day, and for effective porosity in the range 15 to 20%.
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FIGURE 5.7—EXPLANATION FOR SHADED ZONES 1 TO 5:

The areas downgradient of suspected sources where tritium, technetium-99, strontium-90, and other less mobile
radionuclides may potentially migrate are illustrated by the shaded wedges labeled Zones 1 through 5. The wedges
represent the range through which groundwater flow direction may vary because of seasonal changes in the water
table. The initial width of each wedge reflects assumed dimensions at the point of entry to groundwater for contami-
nants from KE Basin leakage and past effluent disposal. (Sources are shown as bold circles and rectangles.) The
left edge of each shaded zone reflects the flow direction indicated by September 1994 water table elevations, which
are fairly representative of long-term low river stage conditions (see Inset). The right edge refiects flow direction
indicated by June 1994 data, which represent short-term high river stage conditions. Contaminant plumes that move
along these flow path corridors will have boundaries wider than the shaded areas, because of dispersion. Also,
preferential flow channels in the unconfined aquifer, which may be created by natural stratigraphy or engineered
structures, would alter the patterns suggested by the wedges. The actual locations downgradient of the various
sources where radionuclides may have migrated depend on the release history, groundwater flow rate, and
attenuation factors for each radionuclide (e.g., decay rate and soil adsorption coefficient).

B . The source is a soil column disposal facility (crib) that received liquid effluent containii  tritum and carbon-
e effluent consisted of moisture removed from the inert gas that was circulated through me graphite pile of the
KE Reactor between 1955 and 1971. The crib received an estimated 100 curies each of tritium and carbon-14.
infiltration of natural moisture through the crib and underlying soil column is the suspected process for continued
downward transport of tritium and carbon-14 to groundwater. Plumes extending downgradient of this source suggest
would likely be observed at wells K-30 and K-29, and possibly at K-32A.

7 -"1s2ar” ", These zones represent the downgradient directions expected for plumes created by leakage of

KE Basin water via the construction joint between the basin and discharge chute (e.g., 1993 leakage). The pattern
suggests that well K-27, possibly K-28, and K-32A are the wells likely to detect a tritium plume from the construction
joint source. Strontium-90 moves more slowly than tritium, because of adsorption to sediment, but should follow the
same direction corridor as tritium. Zone 2a illustrates the postulated extent of the 1993 leakage in the late 1990s. An
increase in gross beta and strontium-90 in well K-27 has not yet been observed as of FY02.

Zone 3 The source for this zone is the KE Basin drain field/injection well that received effluent from the sub-basin
drainage collection system, which operated between 1955 and 1971. Installation of the “D Sump” in 1976 intercepted
the line to the drain field and returned any sub-basin drainage back to the basin. A water volume recorder for this
sump was installed in the early 1990’s but has never indicated the presence of water in the sump. The shaded zone,
which is shown as originating from the drain field (bold circle), D Sump, and the sub-basin drainage system piping,
represents the direction taken by plumes created by potential leakage from these structures. The direction corridor
does not include any existing monitoring wells, although dispersion of a plume with increasing distance from the
source may result in K-32A intercepting a plume.

Zone 4 The source for this zone is a piping collection box that received contaminated drain wastewater from the

KE Reactor buitding and fuel storage basin, and may also have received basin overflow during normal reactor
operations. Reactor building effluent sources ended in 1971 and the basin overflow was re-routed back to the basin
by modifications made in 1975 to accommodate storage of irradiated fuel from N Reactor. Mobile basin water
constituents (e.g., tritium) have had sufficient time to migrate to the river along this direction corridor; only less-mobile
radionuclides (e.g., strontium-90) should be present currently (FY02). Considering the migration rate and travel time
for strontium-90 from this source area, the current location for a plume, as suggested by the elliptical dashed line,
would be considerably downgradient of well K-109A. Thus, it is uniikely that this potential past-practice source
explains the elevated tritium and strontium-90 periodically observed at K-109A, unless contaminated basin water is
inadvertently still being discharged to the collection box.
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Appendix C

Groundwater Monitoring Locations in 100-K Are
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Table C.1. (contd)

Location Well Facility (Waste Site ID) or Feat
Nap»e Ider+ &~ T;,Ee . MM matbmend ‘l?nnﬂn -_==1r~nnr~' Ay limrner av ] carm A AT AN I rarmas 0
SK-060- none JCCP KW Reauwor COlupiea, 1u/-n v Retenuuu Luuicuue €EXposuic
Basins (116-KW-3)
SK-062-1 none Seep |KW Reactor complex; 107-KW Retention  |Shoreline exposure
Basins (116-KW-3) !
SK-063-1 none Seep |KW Reactor complex: 107-KW Retention  |Shoreline exposure
Basins (1 16-KW-3)
SK-068-1 none Seep |KE Reactor complex; 107-KE Retention Shoreline exposure
Basins (116-KE-4)
SK-069-1  |none Seep [100-K Crib (116-K-1): Interim action performance:
100-K Trench (116-K-2) shoreline exposure
SK-070-1 none Seep [100-K Trench (116-K-2) Interim action performance:
shoreline exposure
SK-071-1  |none Seep |100-K Trench (116-K-2) Interim action performance;
shoreline exposure
SK-072-1 none Seep |100-K Trench (116-K-2) Interim action performance;
shoreline exposure
SK-072-2  |none Seep |100-K Trench (116-K-2) Interim action performance;
shoreline exposure
SK-077-1  |none Seep |100-K Trench (116-K-2) Interim action performance; |KR4-RI
shoreline exposure
SK-079-1 none Seep |100-K Trench (116-K-2) Interim action performance;
shoreline exposure
SK-080-1 none Seep |100-K Trench (116-K-2) Interim action performance:
shoreline exposure
SK-082-1  |none Seep |100-K Trench (116-K-2) Interim action performance:
shoreline exposure
SK-082-2  |none Seep |100-K Trench (116-K-2) Interim action performance; {KR4-RI
shoreline exposure
13-§ B8I151 AQST [100-K Area background Aquifer near river channel
13-D B8149 AQST |100-K Area background Aquifer near river channel
14-§ B8154 AQST [100-K Area background Aquifer near river channel
14-M 153 AQST |100-K Area background Agquifer near river channel
4-D B8152 AQST |100-K Area background Aquifer near river channel
_5-M B8156 AQST |100-K Area background Aquifer near river channel
17-M B8162 AQST |KW Reactor complex; 107-KW Retention | Aquifer near river channel
Basins (116-KW-3)
17-D B8161 AQST |KW Reactor complex; 107-KW Retention | Aquifer near river channel

Basins (116-KW-3)







Appendix D

Facil y Names and Wast Site Id 1tifiers in the 100- { A ¢









Appendix E

National P orities " ist Agreement




Appendix _

N: L Agreement and TPA Milestones

Cen "’ OH o547

Control Number: NPL Agreement/Change Control Form Date Subimitted:
; o 112096
108 —— Change _X_ Agr e I Date Approved:
nitfsy 10D KR=4
- - -

Document Number/Title: Madifications 1 the Groundwater Samgiing asd Anadysis ‘¢ Pocument Last Issued:
Schedules for the | IK-KR~4 Qpzrable Linit Growmdwater Sam kS
Originntor: A, J Kaepp Phone: 372.518%

Summary Description:

Four modifications W the previous groundwater sampling and analysis schedule for the 100-KR-4 Operable Livit {100 NPL
AgreementChange Control Form #29, August 1992, and #5%; November 1993) are being made:

I The sampling frequency for mess wells i reducad from semiannual to anrisl. Annedl sampling witl be condirted to
coincide with scasoaal fow river conditions thar rypically accur duviag the period September throvgh November,

(8]

Sampling iocations are selected on the basis of proximity s the Cotumbia River, historwal teads in each well, and
codiiaminant plume Jocations.

[

More frequent ssmpling of welis with contaminant levels exceediag ARARS, or thas ghow ir ing wends is conducted
using cost-2ffective meshods (e.g.. field instrements, Mobile Lak, ar ao purging of the well prior to sampling}.

4. Data validation. as performed churirg the limited field investigation. i not perfurmed for ali new date. Modified dutn
g weyification and validation steps are adopted thak improve cost-effectiveness without comgeomising data quality, Dawa
’ evaluagion activities are expanded to enhance the quality of information derived frorm sampling and snaalysds activities.

The artached Tables 3. 2. and 3 summazize the changes to the sampling peogram for the 160-K Area. Minor madifications fo the list
of specific wells wsed and consutuents aaafyzed mey be pecessary to acteunt for changing ficld condidons, IRM operational
requirements, and changes identified during dats evaluation.

Affected documents inciude:

) DOERL. 1992, Remedial Investigation Feasibitity Study Wark Flan for the 190-KR-4 Operable Linit, Hanford Site, Rwchivad,
Washingtiv, BOERL-90-2§, Rev. 0, U.S. Departmem of Eneegy, Richiand Operations Office, Richland, Washington. Appeadix A
ineludes 8 Quality Assurarce Project Plan {QAPI®) as required by EPA guidanse.

) 160 NPL Agreement’ Change Control Forms £59 "100-KR-4 Reducest Analyte GW Sampling List. * November 1993, and #29,
“$00-KR-4 Operable Unit Gropndwater Monitoring Network," August 1992,

Justification and Impact of Change:

The elsanges in the sampling schedule witl result in 2 more integrated and cost-effective program. The impact of this change includes
incrensed efficiency in ebiaining data that can be applied to data quality objuctives for muitiple programs {e.g . CERCLA remediation
octivities and DOE Grder 3480 surveillance). Sample cotlection efforts are integrated to the fullest extent possible wider &
consolidated schedule. Where reductions in nurmber of samples, analyies, and frequency of sampling ovcur, a minimaj of negligible
{oss of relevant informasion s expected,

ERC Project Manager: G. C. Heickel Date:

DOE Project Manager: A. C. Torteso Date:

Ecalogy Project Manager: W, W. Soper Date:

EPA Preject Manager: L. £ Gadbois Date:
Lo
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Table 1. Sampling and Aralysis Schedale for the 100-KR-4 Groundwater Project

{(Page2 ol })
Reuat it ; E
., Round 2 IRM H RCRA! | Sitewide
Well Number r““‘;’;:ﬂ‘”‘” red . tcomplesed | ;if:;’ & | mosieor | Operations | Surveil
P ? i t
‘ 196} ] evem | [lmferm I AFYes Pt 96y
; .
£ 195K.34 KW Fuel stomge busin 2 SA-L BA(T:2 Q PooA
: 19y !
. . _ .
198-K-35 Sodium dichromase 2 SA-] BAMTR2 : ;
parRge +Hg» i :
195-K-34 Sodium dicheamare Ey $A-1 42 ? A
slorage (+Hg) :
Q-Cr
19%-K-37 1 b6-K-] and [ #6:K2 f& L LB AsD SALr
Jaguid wasie disposal’ i
E99-K-106A t1e-KW-§ tandensale ] JAL 1 BA{YEd oy a
erib {~C14}
QeH3 ;
189-K-107A i Fuel sigrags basia tile M SA-1 D [+]
¢ Gebd QCr
193-K-1084 Renctor building cribs. 2 §a.t A2 S '
trenches =C144
190-K-109 . Fucl siorage basin e 1s SA-1 ] A2 M A
ioftaka H Q_sm j
§99.K-1 10A Reacioy building wibs. 2e ! Sa- BAI9812 Q :
=3 { :
195-K-13 1A Reagtar a2, ) SA-1 A2 } A ,
dawngradient {+C 1A s ;
199-K-11 24 1RM compliance QCr |
§ 199-K-1134 1RM exerzction 54 !
L
199-K-E 144 i IRM complizace f E GCr
199:Ra1134 IRM SXat R ! sS4
QLr
199-5-11hA R extraction SA
-Cr
199-K-31TA | 184 comspliance QCr
| IReRA TRM extractivn Sa
: OLx
* Facificy information comes from the §00-K Techmical Bnseling Report (Crpemisr #ad Coge. (9945,
* Baenpling frequenty basis {"Freg Bashi™) codes are Yisted i Tabte 3.
' RCRA and Sitewids Surveiflance schodules are presented for Snfarmationat purposes. .
* Frequencles and enalytes as described in Deaft A& of the RDRUVBRAWE, They are 3ubject 1o change a3 the perf: eicammplisos z DOO
¢ffoet procesds.
Samphing round codes:
BA = biennial Cycar of pex1 ever)
A= aneual
SA& « semianaual
Q = quanerly
B = ponshiy

~kor-3 suftix identifies the analysis 1ite fisied o Tobde 3
(> 14} indicales conslisuent pdded o basie suve Ftwd in Tabie 2
G-Crindizmes quarterly screening for chromisam. $e90, ac.
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Appendix F

ri-Party Agreement Milestones

March 31, 2002 M-034-29:
Complete K East Basin and K West Basin facility modifications for alternate fuel transfer strategy cask
transportation system.

This interim milestone shall be complete when all modifications to support transfer of spent nu ar fuel
from K East  sin to K West Basin are complete. All modifications shall be constructed and installed,
and all construction acceptance tests (C: ) shall be complete  The construction completion document,
Section IB, shall be signed with either no exceptions or with only minor exceptions, which do not affect
the functionality of the system.

September 30,2002 M-034-12-T01:
Complete construction of K East Basin sludge and water system to support spent nuclear fuel removal.

The K East Basin sludge and water system shall be constructed and installed and DOE shall ¢t cur that
all acceptance tests have been completed for turnover to operations, by signing the construction

cor etion document, Section 11A (or equivalent form), with either no exc:  :ions or with only minor
exceptions, which do not affect the functionality of the system.

No nl +30,200" M-034-17:
Initiate removal of K East Basin spent nuclear fuel.

Initiate removal of spent nuclear fuel from the K East Basin and transport to the K West Basin.

ecember 31,2002 M-034-08:
Initiate full scale K East Basin sludge removal.

DOE shall complete and approve K East sludge removal d nitive design documents; all associated
construction, and readiness assessments; and initiate removal of sludge from the basin.

December 31,2002 M-034-18A:
Complete removal of spent nuclear fuel equivalent to 957 metric tons heavy metal from the K West Basin.

This interim milestone will be complete when spent nuclear fuel equivalent to 957 metric tons heavy
met. has been removed from K West Basin and transported to the Cold Vacuum Drying Facility.

F.1






October 31, 2005 M-034-21-T01:
Initiate full-scale K West Basin water removal.

August 31, 2006 M-034-22:
Complete K West Basin water removal.

July 31, 2007 M-034-00A:
Complete removal of spent nuclear fuel, sludge, debris, and water at DOE's K Basins.

(Prepared August 2, 2002 from email sent by Owen S. Kramer, Tri-Party Agreement Integration, Fluor
Hanford)
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No. of

opies

ONSITE

16

4

‘OE Richland Operations Office

M. J. Furman (5)
F.1 Roc -
. M. Thompson
A. _. Tortoso (5)
iblic _ :ading Room (2)
Administrative Record (2)

Fluor Hanford, Inc.

V. Borghese
G. S. Hunacek
W.J.MchM on
D.J. Wats

Distribution

A6-38
A5-17
A6-38
A6-38
H2-53
H6-08

E6-35
X3-79
E6-35
X3-79

Distr.1

No. of
Copies

PNNL-14033

17 Pacific Northwest National Laboratory

J. S. Fruchter

M. J. Hartman

V. G. Johnson

S. . Luttrell

L.F.1 srasch

R.E.Pe son(10)

Hanford Technical Library (2)

K6-96
K6-96
K6-96
K6-96

»-86

»-96
P8-55





