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Abstract

This report was written to describe current groundwater conditions on the Han-
ford Site and to fulfill regulatory reporting requirements for the period October
1999 through September 2000. It also summarizes the results of groundwater
monitoring conducted to assess the effects of groundwater remediation, describes
the results of vadose zone monitoring and characterization, and summarizes ground-
water modeling activities.

The most extensive contaminant plumes are tritium, iodine-129, and nitrate,
which all had multiple sources and are very mobile in groundwater. The largest
portions of these plumes are migrating from the central Hanford Site to the south-
east, toward the Columbia River. These widespread plumes have ceased spread-
ing, and concentrations are declining in most areas. Carbon tetrachloride,
technetium-99, and uranium form plumes beneath the central site that do not reach
the Columbia River. Contaminant plumes beneath the former reactor areas near
the Columbia River include chromium, strontium-90, and tritium.

Resource Conservation and Recovery Act of 1976 groundwater monitoring con-
tinued at 24 waste management areas during fiscal year 2000, including five waste
management areas where past leaks from single-shell tanks appear to have con-
taminated groundwater.

Interim groundwater remediation in the northern Hanford Site continued with
the goal of reducing the amount of chromium and strontium-90 reaching the Colum-
bia River. The objective of two interim remediation systems in the central Hanford
Site is to prevent the spread of carbon tetrachloride and technetium-99/uranium
plumes.

Vadose zone monitoring, characterization, remediation, and several technical
demonstrations were conducted in fiscal year 2000. Baseline spectral gamma-ray
logging of selected wells in single-shell tank farms was completed. The environ-
mental restoration contractor began characterization of several waste sites in and
near the 200 Areas to determine the distribution of contamination in the soil. Soil
gas monitoring at the 618-11 burial ground provided a preliminary indication of
the location of tritium in the vadose zone and in groundwater. At a vadose zone
remediation site in the 200 West Area, soil gas monitoring of carbon tetrachloride
continued while the vapor extraction system was shut off. Much of the readily
extractable carbon tetrachloride has been removed.

Groundwater modeling efforts focused on (1) identifying and characterizing
major uncertainties in the current conceptual model and (2) performing a transient
inverse calibration of the existing site-wide model. Specific model applications
were conducted in support of the Hanford Site carbon tetrachloride Innovative Treat-
ment Remediation Technology; to support the performance assessment of the Immo-
bilized Low-Activity Waste Disposal Facility; and in development of the System
Assessment Capability, which is intended to predict cumulative site-wide effects
from all significant Hanford Site contaminants. Groundwater models were used at
a local scale to assess and improve the performance of groundwater pump-and-
treat systems.

This report is available on the Internet through the Hanford Groundwater Mon-
itoring Project’s web site: http://hanford-site.pnl.gov/groundwater. Inquiries regard-
ing this report may be directed to Ms. Mary J. Hartman or Dr. P. Evan Dresel,
Pacific Northwest National Laboratory, P.O. Box 999, Richland, Washington 99352
or by electronic mail to mary.hartman@pnl.gov or evan.dresel@pnl.gov.

Abstract



Acknowledgments

This report represents the efforts of dozens of individuals who contribute to the
Hanford Groundwater Monitoring Project: planners, schedulers, samplers, labora-
tory technicians, data management staff, site scientists, editors, text processors,
and staff in graphics and duplicating.

John Fruchter and Stuart Luttrell managed the Hanford Groundwater Monitor-
ing Project and the Groundwater Monitoring Task, respectively. Dot Stewart man-
aged the monumental tasks of sampling and analysis, quality control, and data
management.

Most of the graphics for this report were generated by Mickie Chamness, John
McDonald, Chris Newbill, and JoAnne Reiger, who put in many hours to meet our
tight schedule. The aerial photos in the groundwater chapter were provided by
Lockheed Martin Services, Inc. Jane Winslow, of WinSome Design, Richland,
Washington, designed the report’s cover.

Thanks to Tyler Gilmore for providing a peer review, and to many other
reviewers whose comments and suggestions helped us improve this report.

As usual, our team of editors and text processors worked tirelessly to produce a
clear, polished document in a format that works in paper or electronic form. Thanks
to Kathy Neiderhiser, Lila Andor, JoLynn Draper, and Joan Slavens.

Mary Hartman
Launa Morasch
Bill Webber

Acknowledgments

\%



Report Contributors

The production of the Hanford Site Groundwater Monitoring for fiscal year
2000 requires the knowledge, skill, expertise, and cooperation of many people and
several organizations. The contributions and cooperation, often under demand-
ing time constraints, of the following individuals are gratefully acknowledged. The

authors are listed on their respective sections of the report.

Bechtel Hanford, Inc.

S. P. Sautter

CH2M HILL Hanford Group

D. A. Myers

CH2M HILL Hanford, Inc.

J. E. Auten J. M. Faurote K. M. Singleton
R. G. Bauer W. J. McMahon L. C. Swanson
K. A. Bergstrom T. H. Mitchell M. E. Todd

J. V. Borghese R. W. Ovink R. L. Weiss

C. S. Cearlock V. J. Rohay

DynCorp Tri-Cities Services, Inc.

R. A. Del Mar

HydroGeologic, Inc.

M. P. Connelly

MACTEC-ERS

P. D. Henwood

R. G. McCain

Waste Management Technical Services, Inc.

R. K. Price

R. R. Randall

Pacific Northwest National Laboratory

D. B. Barnett J. W. Lindberg D. S. Sklarew
K. J. Cantrell J. P. McDonald D. L. Stewart
C.J. Chou R. B. Mercer M. D. Sweeney
P. E. Dresel C. J. Murray C. J. Thompson
J. C. Evans S. M. Narbutovskih P. D. Thorne
G. W. Gee D. R. Newcomer E. C. Thornton
T.J Gilmore K. B. Olsen A. L. Ward

F. N. Hodges G. W. Patton B. A. Williams
D. G. Horton R. E. Peterson S. K. Wurstner
V. G. Johnson H. T. Schaef

R. J. Lenhard R. Schalla

Report Contributors

vii



Summary

Over 1.7 trillion liters of liquid waste, some containing radionuclides and haz-
ardous chemicals, have been released to the ground on the Hanford Site since 1944.
A portion of these contaminants was held above the water table and some reached
groundwater. The U.S. Department of Energy (DOE) monitors groundwater on the
Hanford Site to track the spread of these contaminants. Groundwater is being
remediated at seven sites that were identified as requiring immediate action.

State and federal regulations require groundwater monitoring for protection of
human health and the environment. This report summarizes results of monitoring
for fiscal year 2000 and fulfills reporting requirements of the Resource Conserva-
tion and Recovery Act of 1976 (RCRA), specific Washington Administrative Codes,
and the Atomic Energy Act of 1954 as implemented by DOE orders. This report
also summarizes results of groundwater monitoring conducted to assess the effects
of remediation or interim measures conducted in accordance with the Comprehen-
sive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA).

Fiscal Year 2000 Highlights T

_ The foIIOW|r_1g highlights represent significant changes or accom- This report is designed to meet the following
plishments for fiscal year 2000. objectives:

100 K Fuel Storage Basins: Nuclear fuel elements are stored in
water-filled basins in the 100 K Area. Groundwater is monitored to
detect new leaks from the basins if they occur. Data for fiscal year 2000 fulfill federal and state reporting require-
indicated the basins are not currently leaking. DOE began removing the ments for groundwater monitoring
fuel canisters in December 2000.

describe current groundwater conditions

summarize the results of groundwater
In Situ Redox Manipulation: Sodium dithionite was injected into cleanup

11 wells in the 100 D Area to extend the length of a permeable treatment

zone in the aquifer. As groundwater flows through this zone, hexavalent

chromium is converted to the non-hazardous trivalent form, which is

summarize the results of vadose zone mon-
itoring and characterization

virtually immobile in groundwater. summarize groundwater modeling activities
Pump-and-Treat Systems: Six interim remedial measures involv- summarize the installation, maintenance,
ing pump-and-treat systems continued to operate during fiscal year 2000, and decommissioning of monitoring wells.

with a goal to prevent the worst contaminants from spreading.

Groundwater Monitoring at Single-Shell Tanks: Waste Management Area U
began RCRA assessment monitoring. Initial assessment results indicated that chro-
mium, nitrate, and technetium-99 in groundwater may have come from sources
within the tank farm. Four other single-shell tank waste management areas contin-
ued assessment monitoring with installation of new wells, hydrologic and tracer
testing, and additional sampling and analysis to evaluate the rate of contaminant
movement and the extent and concentrations of contaminants.

Monitoring Wells: Many 200 Area wells are going dry because the water table
is declining. The water table beneath the Liquid Effluent Retention Facility is
dropping below the top of the basalt bedrock, and DOE is investigating alterna-
tives to groundwater monitoring. Fifteen new wells were installed for RCRA ground-
water monitoring at the single-shell tanks. Seventeen new wells were installed in
the 100 Areas for activities related to environmental restoration.

618-11 Burial Ground: Tritium concentrations reached 8 million pCi/L in a
downgradient well. Tritium concentrations were much lower in nearby wells, indi-
cating the plume is very small. Soil-gas monitoring helped delineate the distribu-
tion of tritium in the vadose zone and groundwater.

Summary iX



Water levels continued to decline
beneath the central Hanford Site
in fiscal year 2000, causing some
wells to go dry. Replacement
wells were installed at three
single-shell tank farms.

System Assessment Capability: The System Assessment Capability is a tool
to predict cumulative site-wide effects from all significant Hanford Site contami-
nants. In fiscal year 2000, the groundwater project compiled historical data to sup-
port initial history-matching runs of the model.

Model Calibration: A transient calibration of the site-wide groundwater flow
model used information on the rising and falling water table to determine the distri-
bution of aquifer parameters that produces the best match to observed water table
changes.

Vadose Zone Characterization at Waste Management Area S-SX: Two slant
boreholes were drilled at single-shell tanks Waste Management Area S-SX; one
passed under a tank and samples will be analyzed for contaminants in fiscal year
2001. Cone penetrometer work identified a peak in gamma activity above the base
of tank S-104.

Geophysical Logging: By the end of fiscal year 2000, baseline spectral gamma
logs were completed for all 133 single-shell tanks with capacities of 2 million liters
or greater. This characterization serves as a baseline against which future measure-
ments can be compared to aid in identifying tank leaks.

Soil Gas Remediation: Soil gas monitoring at the carbon tetrachloride expe-
dited response action site indicated that much of the readily accessible contamina-
tion was removed during soil-vapor extraction operations.

Clastic dike study: A 3-year study of clastic dikes and their influence on verti-
cal movement of moisture and contaminants in the vadose zone began in fiscal year
2000. Results indicate that fine-grained dikes may retard vertical and lateral flow.

Groundwater Flow

The direction of groundwater flow in the uppermost aquifer beneath the Han-
ford Site is inferred from water-table elevations, barriers to flow (e.g., basalt or
mud units at the water table), and the distribution of contaminants. Movement is
generally from recharge areas in the west to discharge areas along the Columbia
River. Beneath the reactor areas, groundwater flows generally toward the Colum-
bia River. During periods of low river flow, some of this groundwater appears as
seepage along the riverbanks. Inland from the reactors, in the area of the river’s
horn north of Gable Mountain, flow is toward the northeast and east. Groundwater
flowing beneath the 200 West Area moves toward the 200 East Area, where flow
becomes southeast. A northward component of flow has carried some contami-
nants from the northern 200 East Area into the gap between Gable Mountain and
Gable Butte, and onto a northwesterly course that leads to the area between 100 B/C
and 100 K Areas. As the water-table elevation lowers in the 200 Areas, this north-
ward flow appears to be diminishing. Groundwater enters the 300 Area from the
northwest, west, and southwest, and flows to the east toward the Columbia River.
Groundwater in the Richland North Area generally flows east from the Yakima
River toward the Columbia River.

The natural pattern of groundwater flow was altered during the Hanford Site’s
operating years by the formation of mounds in the water table. The mounds were
created by the discharge of large volumes of wastewater to the ground and were
present in each reactor area and beneath the 200 Areas. Since effluent disposal has
decreased significantly, these mounds are disappearing. Water-table elevation maps
for 1990 and 2000 are shown in Figure S.1. The 1990 water-table map shows
groundwater mounds beneath the 200 West and 200 East Areas, which created radial
flow near the mounds and induced northward flow toward the gap between Gable
Mountain and Gable Butte. By fiscal year 2000, the mounds had become much less
prominent. Water levels east of the 200 East Area have dropped below the top of a
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fine-grained confining unit, thus creating a barrier to movement in the surrounding
unconfined aquifer. Beneath this confining unit, the uppermost aquifer is a trans-
missive unit in the Ringold Formation. Groundwater flow in this confined aquifer
still is influenced by the recharge mound that formerly created an unconfined aqui-
fer above the fine-grained confining unit in the area.

The near cessation of effluent discharge has caused significant changes in the
direction and rate of groundwater movement, especially in the 200 Areas. The
water table decline continued during fiscal year 2000, causing some monitoring
wells to go dry. Replacement wells were installed at locations negotiated between
DOE and the Washington State Department of Ecology (Ecology).

The fiscal year 2000 potentiometric map for the upper basalt-confined aquifer
is similar to maps in previous reports. The potentiometric map indicates that, south
of Umtanum Ridge and Gable Mountain, groundwater generally flows from west
to east across the Hanford Site, through the overlying sediment, and into the Colum-
bia River. In the region northeast of Gable Mountain, there is insufficient well
coverage to update the map for fiscal year 2000. Earlier maps indicate that ground-
water flows southwest and discharges primarily to underlying confined aquifer
systems in the Umtanum Ridge/Gable Mountain structural area. Water levels in
the central and western portions of the Hanford Site continued to decline in fiscal
year 2000, responding to a reduction in artificial recharge to the overlying uncon-
fined aquifer. Water levels in the eastern portion of the Hanford Site continued to
increase because of large-scale irrigation activities in areas east of the Columbia
River.

Vertical gradients between the basalt-confined aquifer and the unconfined aquifer
are upward on most of the Hanford Site. Therefore, there is little potential for
contaminants to migrate from the unconfined aquifer into the basalt-confined aqui-
fer, where it could move offsite. Downward gradients are measured beneath the
western portion of the site, B Pond, and north and east of the Columbia River.

Groundwater Contamination

Monitoring wells were sampled during fiscal year 2000 to satisfy requirements
of RCRA, CERCLA, Washington Administrative Code, and DOE orders. There
were 669 wells sampled during the period. Sampling of some wells was delayed or
cancelled because of issues relating to collection and disposal of secondary sam-
pling waste, such as gloves and tubing. The historical practice of disposing of the
secondary waste in regular trash cans was unacceptable. Groundwater sampling
was temporarily halted until an acceptable practice of managing the waste was put
in place. All secondary waste is now bagged, labeled, and collected in designated
drop locations before disposal.

Most of the contamination in the groundwater today resulted from the discharge
of high volumes of relatively low-concentration effluents into cribs, ponds, and
ditches in the past. Contaminant concentrations in the existing groundwater plumes
are expected to decline through radioactive decay, chemical degradation, and dis-
persion. However, potential sources of new groundwater contamination reside
beneath many inactive facilities where contaminants are contained in the vadose
zone (e.g., cribs or retention trenches). Increased infiltration of water from man-
made or natural sources has been known to mobilize the contamination from the
vadose zone to groundwater. In addition, there are a few facilities that are actively
storing or disposing of waste: K Basins, underground storage tanks, state-
permitted disposal facilities, and solid waste burial grounds. In the past few years,
mobile fractions of waste from single-shell tanks and waste in the 618-11 burial
ground have been detected in groundwater.

The Hanford Groundwater Mon-
itoring Project sampled 669 wells
during fiscal year 2000. Tritium,
nitrate, and iodine-129 are the
most widespread contaminants.

Summary
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In fiscal year 2000, 231 square
kilometers of the aquifer were
contaminated at levels exceeding
drinking water standards. Con-
centrations of chromium, nitrate,
strontium-90, tritium, and ura-
nium exceeded drinking water
standards in groundwater dis-
charging to the Columbia River.
Contaminant concentrations in
river water remained extremely
low.

Tritium is very mobile in ground-
water. The largest plume origi-
nates in the 200 East Area and
extends to the southeast. Levels
are generally declining due to
radioactive decay.

Xii

The extent of radiological and chemical contaminant plumes in Hanford Site
groundwater are shown in Figures S.2 and S.3. The maps are based on averaged
data from wells that monitor near the top of the unconfined aquifer. Contours rep-
resent applicable State or Federal standards for drinking water. Groundwater is not
a primary source of drinking water on the Hanford Site, but comparison to these
standards provides some perspective on contaminant levels. The most extensive
plumes are tritium, iodine-129, and nitrate, which all had multiple sources and are
very mobile in groundwater. Strontium-90, technetium-99, and uranium exceeded
standards in smaller plumes. Carbon tetrachloride and associated organic constitu-
ents form relatively large plumes beneath the 200 West Area. Minor radiological
contamination included carbon-14 in the 100 K Area. Cesium-137, plutonium, and
strontium-90 have exceeded standards in the past near the 216-B-5 injection well in
the northern 200 East Area, but the wells were not sampled in fiscal year 2000.
DOE derived concentration guide® levels were exceeded for strontium-90 in the
100 K, 100 N, and 200 East Areas (near the former Gable Mountain Pond). The
DOE derived concentration guide for uranium was exceeded near U Plant. The
DOE derived concentration guide for tritium was exceeded in single wells that
monitor fuel storage basins in the 100 K Area, Waste Management Area TX-TY in
200 West Area, cribs that received effluent from the Plutonium-Uranium Extraction
(PUREX) Plant, and the 618-11 burial ground.

Concentrations of chromium, nitrate, strontium-90, tritium, and uranium
exceeded drinking water standards in groundwater discharging to the Columbia
River in fiscal year 2000, as they have in the past. However, contaminant concen-
trations in river water remained extremely low at all locations and were well below
standards.

The area of contaminant plumes on the Hanford Site with concentrations exceed-
ing drinking water standards was estimated to be 231 square kilometers in fiscal
year 2000. This is ~9% smaller than the estimate for fiscal year 1999. The decrease
is primarily due to shrinkage of the 20,000-pCi/L tritium contour at the southern
edge of the plume, and a revised interpretation that enlarged the area of low tritium
concentrations at the Energy Northwest site. The fiscal year 2000 plumes equate to
avolume of ~1.07 billion cubic meters of contaminated groundwater. This volume
calculation was based on porosity values of 0.15 for the Ringold gravel/sand and
0.25 for the Hanford and pre-Missoula gravel, and estimated plume thicknesses
developed for the System Assessment Capability model. The plumes range from 5
to 30 meters thick, depending on the stratigraphy of the aquifer system. The esti-
mate did not include water in the vadose zone.

Limited data are available on contamination deeper in the Ringold Formation
near the 200 Areas. Tritium, technetium-99, carbon tetrachloride, and nitrate have
been detected in these deeper units.

Tritium

Tritium was present in Hanford Site waste discharged to the soil and is the most
mobile and most widely distributed radionuclide onsite. It has a relatively short
half-life (12.3 years). The drinking water standard is 20,000 pCi/L.

The most prominent tritium plume originated in the 200 East Area near the
PUREX Plant and is migrating downgradient to the southeast. This plume dis-
charges to the Columbia River from the old Hanford Townsite to the 300 Area.

(a) The DOE derived concentration guide is based on an exposure standard of 100 millirem
per year and is the amount of an individual radionuclide that would lead to that dose through
ingestion under specified intake scenarios.

Hanford Site Groundwater Monitoring — 2000



Tritium concentrations in seeps or aquifer sampling tubes exceeded drinking water
standard near the old Hanford Townsite, where they are greater than 100,000 pCi/L.

Another tritium plume from the 200 East Area has moved northward between
Gable Mountain and Gable Butte. A smaller plume between the 200 East and
200 West Areas has its source near the 200 West Area’s Reduction-Oxidation
(REDOX) Plant. This plume is moving relatively slowly because the aquifer has a
relatively low permeability. Additional plumes of tritium originated in the 100 Areas,
exceeding the drinking water standard locally.

Tritium exceeded its 2 million pCi/L DOE derived concentration guide in one
well in 100 K Area, in one well that monitors Waste Management Area TX-TY, in
one well near cribs that received effluent from the PUREX Plant, and in a well
monitoring the 618-11 burial ground. Tritium at the 618-11 burial ground was
discovered in fiscal year 1999, and included the highest concentration on the site in
fiscal year 2000 (8.38 million pCi/L). Recent studies indicate that the extremely
high levels have not spread to nearby wells.

Tritium contamination has been detected in confined aquifers beneath the
200 Areas. Concentrations exceeded the drinking water standard in several wells
that monitor a confined aquifer in the Ringold Formation near 200 East Area. Levels
below the standard were detected in the upper basalt-confined aquifer.

The migration of the 200 East Area tritium plume is illustrated by the historical
plume maps in Figure S.4. The maps were made by re-interpreting and manually
contouring historical data stored in the Hanford Environmental Information Sys-
tem (HEIS) database. Tritium data were not available for the 100 Areas for the
1970 map. In the past 30 years, the center mass of the main tritium plume has
migrated along an arced path from the 200 East Area to the old Hanford Townsite.
The tritium plume from the 200 West Area has migrated only slightly because the
aquifer is less transmissive in that region.

An extensive tritium plume had already moved southeast from the 200 East
Area by 1970, and concentrations >20,000 pCi/L had moved about two-thirds of
the way to the Columbia River. In the next ten years, concentrations of 200,000 pCi/L
approached the old Hanford Townsite, but this part of the plume had “broken off”
from the source in the southeastern 200 East Area. In the southern portion of the
Site, the 20,000-pCi/L portion of the plume had apparently flowed around less
transmissive sediment beneath the Energy Northwest site. By 1990, the portion of
the plume with concentrations >200,000 pCi/L had shrunk. In a small part of the
northwestern 200 East Area, concentrations had increased to >200,000 pCi/L. The
map for fiscal year 2000 shows that the southward spread continued, with the
20,000 pCi/L contour approaching the 300 Area. The >200,000 pCi/L part of the
plume has dissipated, except for one small section near the PUREX plant. Con-
centrations in the southeastern part of the plume are declining because of disper-
sion and radioactive decay. The southern margin of the plume appears to have
ceased its southward migration in about 1995. Concentrations also have declined
in the past 10 years in the northwestern 200 East Area, but a plume with its origins
in that region is now migrating north between Gable Mountain and Gable Bultte.

lodine-129

lodine is a fission product and was present in waste related to fuel processing.
The presence of iodine-129 in groundwater is significant because of its relatively
low 1 pCi/L drinking water standard, its long-term releases from nuclear fuel proc-
essing facilities, and its long half-life (16 million years). lodine-129 is transported
in groundwater as the anionic iodide (I) species that is very mobile. Waste con-
taining iodine-129 was historically disposed of in the 200 Areas. Extensive plumes

The highest tritium concentration
measured in fiscal year 2000 was
8 million pCi/L in a well near the
618-11 burial ground. The high
concentration is limited to a single
well.

Extensive plumes of groundwater
contaminated with iodine-129
exceeded the drinking water
standard in the 200 Areas and
in downgradient portions of the
600 Area.

Summary Xiii



Technetium-99 is a mobile con-
taminant that exceeds the drink-
ing water standard in small
plumes. The highest concentra-
tion in fiscal year 2000 was in a
new well monitoring S-SX single-
shell tank farm.

exceed the drinking water standard in the 200 Areas and in downgradient portions
of the 600 Area. The major plume extends toward the southeast from the 200 East
Area. A smaller plume of iodine-129 is moving toward the north between Gable
Mountain and Gable Butte. The highest concentration of iodine-129 detected in
fiscal year 2000 was 52 pCi/L at Waste Management Area TX-TY.

Riverbank seeps near the old Hanford Townsite contain low levels of iodine-129
(0.4 pCi/L in fiscal year 2000). Data from wells near the river shore and farther
inland do not indicate any discernible trend, so concentrations are not expected to
increase in the future.

The iodine-129 plume from 200 East Area probably migrated at about the same
rate as the tritium plume, but iodine-129 data were not commonly collected until
the 1980s. Maps from 1990 and 2000 are shown in Figure S.5. By 1990, the
portion of the plume exceeding the 1 pCi/L drinking water standard had traveled
more than halfway to the Columbia River. It moved an additional two and a half
kilometers between 1990 and 2000. The plume will continue moving toward the
river, but concentrations are expected to decline because of dispersion. The plume
in the 200 West Area grew only slightly in the past 10 years because the aquifer is
less transmissive.

Technetium-99

Technetium-99 was produced as a high-yield fission product and was present in
waste streams associated with fuel processing. Technetium-99 is transported in
groundwater as an anionic pertechnetate (TcO,) species that is highly mobile.
Technetium-99 tended to be associated with uranium through the fuel processing
cycle, but uranium is less mobile in groundwater on the Hanford Site, so it does not
have the same distribution.

The 200 West Area had the highest technetium-99 concentrations detected in
fiscal year 2000 (63,700 pCi/L near the S-SX single-shell tank farms). A plume
associated with U Plant is migrating to the east into the 600 Area. A groundwater
pump-and-treat system is operating near U Plant to contain the plume. Technetium-99
also is elevated in wells monitored for the B, BX, BY, T, TX, and TY single-shell
tank farms. These sites are undergoing RCRA assessment investigations.

Elevated technetium-99 levels apparently associated with the BY cribs (200 East
Area) continued to be detected in fiscal year 2000. The maximum annual average
near the BY cribs was 10,700 pCi/L.

A small plume of technetium-99 is detected in the 100 H Area near the former
183-H solar evaporation basins. Concentrations vary with river stage. The fiscal
year 2000 maximum was 1,070 pCi/L.

Well 299-E33-12, completed in the basalt-confined aquifer near the BY cribs,
had technetium-99 at levels above the 900-pCi/L drinking water standard in fiscal
year 1998 (average of 1,500 pCi/L, which is within the historical range). However,
this well was not scheduled for sampling in fiscal years 1999 or 2000 because a
3-year sampling frequency is sufficient to monitor the steady trend.

Uranium

Uranium contamination on the Hanford Site had numerous potential sources,
including fuel fabrication, fuel processing, and uranium recovery from separations
activities. Uranium mobility is dependent on Eh, pH, and the presence of carbon-
ate; its migration is slower than that of tritium and technetium-99. At the Eh/pH
conditions found in the unconfined aquifer, uranium(V1) is the most mobile state.

Xiv Hanford Site Groundwater Monitoring — 2000



The U.S. Environmental Protection Agency (EPA) proposed a 20 ug/L maxi-
mum contaminant level for uranium.® Uranium was detected at concentrations
above this level in the 100 H, 200, and 300 Areas and at the 618-11 burial ground.
Contamination in the 100 H and 200 East Areas is very localized.

The highest concentrations detected in fiscal year 2000, which exceeded the
DOE derived concentration guides for uranium isotopes, were in the 200 West
Area near the 216-U-1, 216-U-2, and 216-U-17 cribs. This plume extends into the
600 Area to the east. Like technetium-99, this plume is the target of a pump-and-
treat interim remedial action.

Another area of elevated uranium concentrations is observed in the 300 Area,
downgradient of the 316-5 process trenches and ponds. Uranium contamination is
moving from the vicinity of the process trenches toward the southeast. Ariverbank
seep detected 301 pg/L uranium in fiscal year 2000.

Strontium-90

Strontium-90 was present in waste associated with fuel processing; it was
released also by fuel element failures during reactor operations. Strontium-90 has
a moderately long half-life (28.8 years).

In fiscal year 2000, strontium-90 exceeded the 8 pCi/L drinking water standard
in wells in each of the 100 and 200 Areas. Strontium-90 exceeded the 1,000 pCi/L
DOE derived concentration guide in wells in the 100 K and 100 N Areas and near
the former Gable Mountain Pond. Wells near the 216-B-5 injection well have
exceeded the DOE derived concentration guide in the past, but were not sampled in
fiscal year 2000.

The most widespread, high strontium-90 concentrations continued to be detected
in the 100 N Area, where the distribution of the plume has changed very little over
the past 10 years. The goal of a pump-and-treat system in the 100 N Area is to
reduce the movement of strontium-90 toward the Columbia River. Near-river wells
detected strontium-90 at up to 10,800 pCi/L in fiscal year 2000.

Carbon-14

Carbon-14 exceeded the 2,000 pCi/L drinking water standard in two small
plumes near waste disposal facilities adjacent to the KW and KE Reactor buildings
where reactor atmosphere gas condensate was discharged to the ground in the past.
The maximum concentration in fiscal year 2000 was 35,600 pCi/L, about the same
as in recent years.

Cesium-137

Cesium-137 is a high-yield fission product. It was present in waste associated
with fuel processing and has been released in reactor areas by fuel element failures.
Near the 216-B-5 injection well, the concentration of cesium-137 in groundwater
in fiscal year 1999 was 1,840 pCi/L, which is consistent with the historical trend
for the well. The well was not sampled in fiscal year 2000 because of waste man-
agement issues. The drinking water standard for cesium-137 is 200 pCi/L.

Cesium-137 is a potential contaminant of concern at the S and SX single-shell
tank farms. However, it was not detected in groundwater in fiscal year 2000 in this
area. The radionuclide is dominantly sorbed to soil and is not considered a signif-
icant groundwater contaminant.

(a) In December 2000, EPA set a new standard for uranium, 30 pg/L. The new standard will
be implemented in 2002.

The most widespread strontium-90
contamination is in the 100 N
Area, and is the target of a pump-
and-treat interim remedial action.
The plume has not changed sig-
nificantly in 10 years. Concen-
trations in two near-river wells are
very high. Strontium-90 is of con-
cern because of its moderately
long half-life (28.8 years) and its
potential to concentrate in animal
and human bones.

Cesium-137 was present in
waste that leaked from under-
ground storage tanks in the past.
It is present in the vadose zone
near the tanks, but is rarely
detected in groundwater.
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Nitrate is the widest spread
chemical contaminant in ground-
water on the Hanford Site. How-
ever, the largest portions of the
plumes are below the drinking
water standard.

Hexavalent chromium may be a
hazard to some aquatic life.
Therefore, interim actions are
under way to pump and treat
groundwater in 100 K, 100 D,
and 100 H Areas to reduce the
amount of chromium reaching the
Columbia River.

XVi

Plutonium

Plutonium was present in waste associated with fuel processing. The DOE
derived concentration guide for plutonium-239 is 30 pCi/L. There is no explicit
drinking water standard for plutonium-239; however, the maximum contaminant
level for gross alpha (15 pCi/L) is applicable. Alternatively, if the DOE derived
concentration guide, which is based on a 100 millirem dose standard, is converted
to the 4 millirem dose equivalent used for the drinking water standard, 1.2 pCi/L
would be the relevant guideline. Plutonium generally binds strongly to sediment,
so its mobility in groundwater is limited.

The only significant detection of plutonium in recent years has been associated
with the 216-B-5 injection well in the 200 East Area. Typical plutonium-239/240
concentrations detected near this injection well are 60 pCi/L, but the well was not
sampled in fiscal year 2000 due to waste management issues.

Nitrate

Nitrate contamination in the unconfined aquifer reflects the extensive use of
nitric acid in decontamination and chemical processing operations. Septic systems
and residual chemicals from pre-Hanford agricultural activities are additional sources
of nitrate. Like tritium, nitrate was present in many waste streams and is mobile in
groundwater. Additional sources of nitrate are located off the Hanford Site to the
south and west.

Nitrate was measured at concentrations greater than the maximum contaminant
level (45 mg/L) in wells in all operational areas except 100 B/C. The most exten-
sive plume in the 100 Areas originates in 100 F Area and extends downgradient to
the south. This plume was detected in an aquifer sampling tube and a riverbank
seep at levels above the maximum contaminant level in fiscal year 2000. The
200 West Area has two main nitrate plumes: one from the vicinity of U Plant extend-
ing into the 600 Area, and another near T Plant. Smaller amounts of contamination
are found near the Plutonium Finishing and REDOX plants. Waste sites near the
PUREX Plant in the 200 East Area contributed to extensive plumes that extend to
the southeast, but only proportionally small areas contained nitrate at levels above
the maximum contaminant level. This plume extends to wells near the Columbia
River at the old Hanford Townsite, where nitrate concentrations are below the max-
imum contaminant level and are gradually declining. Another plume originates at
facilities associated with B Plant and migrates northward.

Two relatively small areas where nitrate is greater than the maximum contami-
nant level continue to be detected near the 400 Area and Energy Northwest. Nitrate
contamination in the Richland North Area apparently has a source off the Hanford
Site.

Chromium

A major source for chromium was the sodium dichromate used as a corrosion
inhibitor in cooling water for reactors in the 100 Areas. Chromium compounds also
were used for decontamination in the 100, 200, and 300 Areas and for oxidation-
state control in the REDOX Plant processes in the 200 West Area. The hexavalent
form of chromium is very soluble in groundwater. The trivalent form is not soluble,
so chromium measured in filtered samples is in the more toxic, hexavalent form.
Chromium is elevated in each of the 100 Areas, but the major plumes exceeding the
100 pg/L maximum contaminant level are related to past operations in the 100 K,
100 D, and 100 H Areas. Interim actions are under way to pump and treat ground-
water in these areas to reduce the amount of chromium reaching the Columbia River.
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A plume in the southwestern 100 D Area with maximum concentrations greater
than 2,000 pg/L is being treated in situ by a method of reduction/oxidation manip-
ulation. Riverbank concentrations of chromium in the 100 Areas exceeded the
maximum contaminant level in the 100 B/C and 100 D Areas in fiscal year 2000.

Chromium concentrations also exceeded the maximum contaminant level in
small plumes or single wells near 200 East and West Area tank farms. Concentra-
tions declined sharply near the 216-S-10 pond and ditch in fiscal year 2000 to
levels below the maximum contaminant level. Chromium continued to exceed the
maximum contaminant level in one well southwest of the 200 East Area. Other
wells in the area also have elevated chromium, though levels are below the maxi-
mum contaminant level. The source of this plume has not been identified.

Carbon Tetrachloride

Carbon tetrachloride contamination exceeds the 5 pg/L maximum contaminant
level beneath much of the 200 West Area. The plume extends beyond the area
boundary and forms the most widespread organic contaminant plume on the Han-
ford Site. The contamination is principally from waste disposal operations associ-
ated with the Plutonium Finishing Plant, where it was used in plutonium processing.
Concentrations in the central part of the plume remained above 2,000 pg/L in fiscal
year 2000, with the maximum average value at 6,600 pg/L. A groundwater pump-
and-treat system is operating in this area to prevent the central portion of the plume
from spreading. There appears to be a shift in the maximum concentrations toward
the pumping wells.

The area of the carbon tetrachloride plume in fiscal year 2000 was 9.8 square
kilometers. The plume has grown in the past 10 years, as illustrated by maps for
fiscal years 1990 and 2000 (Figure S.6). The 1990 map is a reinterpretation of
averaged data stored in the HEIS database. The most notable changes were in the
southwestern lobe of the plume. These changes probably were related to dissipa-
tion of the groundwater mound under U Pond, which formerly prevented south-
ward flow. Carbon tetrachloride concentrations have declined along the western
boundary of the 200 West Area as cleaner water flows in from upgradient loca-
tions. Meanwhile, the plume spread ~500 to 700 meters to the south over the past
decade. The maximum concentration detected northwest of the Plutonium Finish-
ing Plant declined from 8,500 pg/L in fiscal year 1990 to 6,600 pg/L in 2000. The
highest concentration near T Plant also declined between 1990 and 2000. This
may be due to spreading of the plume to the northeast, as suggested by concentra-
tion trends for wells in that area. Concentrations increased in the vicinity of U Plant
and its associated disposal cribs. Data are sparse along the eastern side of the
plume, but the 5 and 100 pg/L contours appear to have moved farther northeast.
The southeastern lobe of the plume also spread slightly, but data are particularly
lacking in that area.

In some areas, concentrations of carbon tetrachloride decrease with depth, but
data collected in recent years indicate that in other areas carbon tetrachloride is
present at higher concentrations deeper in the Hanford/Ringold sediment than at
the water table. Therefore, the extent of the plume at the water table may not
reflect the extent in deeper parts of the aquifer system.

Chloroform

The 200 West Area chloroform plume is associated with the carbon tetrachlo-
ride plume and is believed to be a degradation product of carbon tetrachloride. The
maximum annual average value was 96 pg/L, detected in 200 West Area in fiscal
year 2000. The maximum contaminant level for chloroform is 100 pg/L (total
trihalomethanes).

T ARY

A chromium plume in the south-
western 100 D Area is being
treated in the aquifer to immobi-
lize the contaminant.

Groundwater beneath the
200 West Area is contaminated
with carbon tetrachloride. A
pump-and-treat system prevents
the center of the plume from
spreading.
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Trichloroethene

Trichloroethene was used to
remove grease. It is present in
small plumes in the 100 K, 100 F,
200 West, 300, and Richland
North Areas.

Cyanide was associated with
waste discharged to the BY cribs
near 200 East Area. In ground-
water, it exceeded the drinking
water standard in two wells in
fiscal year 2000 and concentra-
tions are increasing.

A person’s potential dose from
drinking contaminated water is
the sum of the doses from the indi-
vidual radionuclides. The high-
est potential dose estimates on
the Hanford Site are restricted to
parts of the 100 K, 100 N, and
200 Areas. Groundwater is not
used for drinking in these areas.

xviii

Trichloroethene was used on the Hanford Site in the 1960s and 1970s as a degreas-
ing compound. Concentrations of trichloroethene exceeded the 5 pg/L maximum
contaminant level in fiscal year 2000 in wells in the 100 K, 100 F, and 200 West
Areas. Concentrations declined below the standard in the 300 Area in fiscal year
2000. Trichloroethene typically exceeds the standard in the Richland North Area,
but sampling was delayed past fiscal year 2000. Concentrations have been declin-
ing in that area because of natural attenuation. Low levels of trichloroethene also
were detected in wells near the Solid Waste Landfill, but concentrations were below
the maximum contaminant level.

The trichloroethene plume in the 200 West Area extends from the Plutonium
Finishing Plant to T Plant. It also exceeds the maximum contaminant level in
single-well plumes in other parts of the 200 West Area.

cis-1,2-Dichloroethene

Concentrations of cis-1,2-dichloroethene remained high in a well that monitors
the bottom of the unconfined aquifer near the 316-5 process trenches in the 300 Area.
The maximum cis-1,2-dichloroethene concentration in this well in fiscal year 2000
was 170 pg/L (maximum contaminant level is 70 pug/L). The source of this constit-
uent is believed to be anaerobic biodegradation of trichloroethene.

Cyanide

Cyanide contamination is present north of the 200 East Area and is believed to
have originated from wastes containing ferrocyanide that were disposed in the
BY cribs. Wells containing cyanide often contain concentrations of several radio-
nuclides, including cobalt-60. Cyanide concentrations exceeded the 200 pg/L max-
imum contaminant level in two wells in fiscal year 2000, with a maximum value of
411 pg/L, an increase from fiscal year 1999.

Ingestion Risk and Dose Estimate

Groundwater is not a primary source of drinking water for most Hanford Site
workers. However, comparison to drinking water standards provides perspective
for contaminant levels in groundwater. Drinking water standards use the methods
set out in 40 CFR 141, 40 CFR 142, and 40 CFR 143 to estimate the concentration
in water that could result in a potential radiological dose of 4 millirem per year
from consumption of each individual constituent. Similarly, DOE derived concen-
tration guides provide estimates of radiological concentration that could result in a
100 millirem per year dose as defined in DOE Order 5400.5. However, the poten-
tial dose is actually the sum of the doses from the individual constituents. An esti-
mate of this cumulative dose, which could result from consumption of groundwater
from different onsite locations, can be calculated from the extent of contamination.

Figure S.7 shows the cumulative dose estimates from ingestion of groundwater
from the unconfined aquifer on the Hanford Site. These estimates were made by
adding the effects of all major radionuclides in Hanford Site groundwater: carbon-14,
cesium-137, iodine-129, plutonium, strontium-90, technetium-99, tritium, and ura-
nium. The automatic interpolation process sometimes resulted in peak grid values
that were lower than the measured maximum values because it averaged in other
lower values. In these cases, the value at the grid node closest to the measured peak
value was increased to match the measured peak. Factors to convert activities to
ingestion dose equivalents were taken from DOE Order 5400.5.

Hanford Site Groundwater Monitoring — 2000



The dose estimates presented in Figure S.7 show that areas above the
100-millirem per year dose standard are restricted to localized parts of the 100 K,
100 N, and 200 Areas and a location around a single well downgradient of the
618-11 burial ground. Portions of the 100, 200, 300, and 600 Areas exceed 4 mil-
lirem per year.®

Figure S.8 illustrates the likelihood of a person developing cancer over a life-
time as a result of drinking water contaminated with chemicals and radionuclides
at concentrations that have been measured in groundwater across the Hanford Site.
Cancer-risk estimates were made by adding concentrations of the radionuclides
listed above plus carbon tetrachloride, chloroform, cis-1,2-dichloroethene, hexava-
lent chromium, nitrate, and trichloroethene. The calculation assumes that a person
weighing 70 kilograms consumes 2 liters of groundwater every day for 30 years
(DOE/RL-91-45, Rev. 3; IRIS 1997). Cancer risks exceeding 0.0001 (i.e., 1 in
10,000) are present in portions of the 100, 200, 300, and 600 Areas.

Figure S.9 shows the estimated hazard quotient that would be experienced by
an individual drinking water contaminated with chemicals at concentrations that
have been measured in groundwater across the Hanford Site. The hazard quotient
relates the potential human health hazards associated with exposure to non-
carcinogenic substances or carcinogenic substances with systemic toxicity other
than cancer (in Hanford Site groundwater, these include hexavalent chromium,
nitrate, strontium, and uranium). The calculation assumes that a person weighing
70 kilograms consumes 2 liters of groundwater every day for 30 years (DOE/
RL-91-45, Rev. 3; IRIS 1997). If the hazard quotient is greater than one, there is a
possibility of toxic effects. Values between 1 and 5 are present in the 100 K, 100 D,
100 F, 200 West, and 200 East Areas and from offsite contamination in the Rich-
land North Area. The only locations with hazard quotients above 5 are small por-
tions of the 100 D, 200 West, and 200 East Areas. Values between 1 and 5 are
present in the 100 K and 100 F Areas and from offsite contamination in the Rich-
land North Area.

Groundwater Remediation

Groundwater remediation conducted in accordance with CERCLA was per-
formed at the following sites:

100-KR-4 Operable Unit, 100 K Area — An interim action to address chro-
mium contamination near the 116-K-2 trench continued in fiscal year 2000. Ground-
water is extracted from six wells between the trench and the Columbia River, treated
to remove chromium, and injected into wells upgradient of the trench. A capture
zone model indicates that part of the plume is not being captured, so a new extrac-
tion well is being added. The mass of chromium in the aquifer also is being reduced.

(a) EPAdrinking water standards for radionuclides in 40 CFR Part 141 were derived based
on a4 millirem per year dose standard using Maximum Permissible Concentrations in water
specified in National Bureau of Standards Handbook 69 (U.S. Department of Commerce,
as amended August 1963). The area exceeding drinking water standards in Figure S.2 is
based on the EPA regulatory requirement. However, the areas in Figure S.7 corresponding
to a dose greater than 4 millirem per year were calculated using a more recent dosimetry
system adopted by DOE and other regulatory agencies (as implemented in DOE Order
5400.5 in 1993). If both dosimetry systems were equivalent, one would expect the area
above 4 millirem per year in Figure S.7 to be the same as the area exceeding drinking water
standards (see Figure S.2), or to show a slightly larger area exceeding 4 millirem per year
(i.e., if two or more radionuclides were individually below the drinking water standards,
but added up to exceed 4 millirem per year). In fact, the areas above 4 millirem per year on
Figure S.7 are more restricted than the area above the drinking water standard in Figure S.2
because of differences in the dosimetry systems adopted by EPA and DOE.

The hazard quotient describes
potential health hazards associated
with ingesting non-carcinogenic
substances. The highest hazard
quotient on the Hanford Site is in
a small part of the 200 West Area.
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100-NR-2 Operable Unit, 100 N Area— Groundwater continued to be extracted
from wells near the 1301-N liquid waste disposal facility, treated to remove
strontium-90, and injected into wells near the 1325-N liquid waste disposal facility.
The extraction wells create a hydraulic barrier intended to reduce the volume of
contaminated groundwater reaching the Columbia River. However, the system has
not reduced the amount of strontium-90 in the aquifer significantly.

100-HR-3 Operable Unit, 100 D Area— An interim action pump-

Interim Groundwater Remediation and-treat system continued in fiscal year 2000. The system removes

lion liters

63 million liters.

200 West (carbon tetrachloride): 63 mil-

chromium-contaminated groundwater from wells near the Columbia

The goal of groundwater treatment systems on River and pipes it to the 100 H Area for treatment and injection. The
the Hanford Site is to prevent the worst con- hydraulic effects of groundwater extraction are estimated to result in
taminants from spreading. Six pump-and-treat containment of the plume along ~400 meters of shoreline. In a sepa-
systems processed the following volumes of rate chromium plume, an in situ method of redox manipulation was
groundwater in fiscal year 2000:

100 K (chromium): 285 million liters
100 N (strontium-90): 108 million liters

100 D (chromium): 136 million liters and-treat system continued in fiscal year 2000. The system removes
100 H (chromium): 156 million liters chromium from wells in the central 100 H Area, treats it to remove

expanded in fiscal year 2000. The project’s goal is to create a perme-
able treatment zone in the subsurface where chemical-reducing agents
will turn the highly soluble hexavalent chromium to an insoluble state.

100-HR-3 Operable Unit, 100 H Area — An interim action pump-

chromium, and injects the water into wells in the southwestern part of
the area. An additional extraction well began operating in 2000 to improve
contaminant capture.

200 West (technetium-99, uranium): 200-UP-1 Operable Unit, 200 West Area — An interim action

pump-and-treat system, designed to contain and treat the elevated

Also. in the 100 D Area an in situ remediation technetium-99 and uranium, continued to operate in fiscal year 2000.
system is immobilizing chromium in the aquifer. The system also removes carbon tetrachloride and nitrate.

Technetium-99 concentrations are below the goal of 9,000 pCi/L in all

but one well. Uranium concentrations remained above the goal of
480 pg/L in almost all wells, even after treatment of 420.8 million liters of ground-
water and 5 years of operation.

200-ZP-1 Operable Unit, 200 West Area — An interim action pump-and-treat
system continued to operate to prevent further movement of carbon tetrachloride,
chloroform, and trichloroethene from the high concentration portion of the carbon
tetrachloride plume and to reduce contaminant mass. The system appears to be
containing and capturing the portion of the plume with the highest concentrations.

Groundwater Monitoring of RCRA Treatment,
Storage, and Disposal Units

RCRA groundwater monitoring continued at 24 waste management areas. At
the end of fiscal year 2000, 15 were being monitored under indicator evaluation
programs and do not appear to adversely affect groundwater with hazardous con-
stituents. The others were monitored under assessment or corrective-action pro-
grams. The following paragraphs summarize the highlights of RCRA monitoring
during fiscal year 2000, including assessment investigations at five single-shell tank
waste management areas.

Assessment activities at single-shell tank Waste Management Area T continued
with the addition of new wells, hydrologic testing, and sampling and analysis to aid
in evaluation of the rate of contaminant transport, the concentration and extent of
contamination. Groundwater flow direction maintained a fairly constant direction,
slightly north of east, during fiscal year 2000. Relatively high concentrations of
nitrate, chromium, and fluoride have been reported in a number of wells as a result
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of an upgradient contaminant plume moving across the area. Values of nitrate
exceeding 1,000 mg/L have been detected in several wells. Samples collected
during drilling near the northeastern corner of the waste management area, coupled
with chemical data from an existing well, indicate that the top portion of the aqui-
fer is relatively impermeable and contains a high-technetium plume. Deeper por-
tions of the aquifer are more permeable and groundwater is characterized by high
nitrate, similar to the upgradient plume.

The water table beneath Waste Management Area T continued to decline in
fiscal year 2000. Four new downgradient wells were installed in late fiscal year
2000 and early 2001 to replace dry wells and to account for changes in the direc-
tion of groundwater flow.

At Waste Management Area TX-TY, assessment activities continued with the
addition of new wells, hydrologic testing, and sampling and analysis to aid in eval-
uation of the rate of contaminant transport, the concentration and extent of contam-
ination. A plume with high levels of technetium-99 and a separate plume with high
concentrations of tritium/iodine-129 and low levels of technetium-99 continued to
be detected in the central portion of the waste management area. Tritium concen-
trations reached 2.9 million pCi/L and iodine-129 reached 48 pCi/L in a downgra-
dient well east of the waste management area. The most likely source for the
tritium/iodine-129 plume is the 242-T evaporator, located between the TX and TY
tank farms. Increases in technetium-99 concentrations were detected in wells south
of the waste management area, indicating the possibility that contaminants are being
drawn toward the pump-and-treat system.

The operation of a pump-and-treat system in an area south of Waste Manage-
ment Area TX-TY has changed the direction of groundwater flow over the past
several years. Beneath the southern part of the waste management area, flow is
primarily to the south, which may be causing tank-related contaminants to move
southward. Five new monitoring wells were installed downgradient of Waste Man-
agement Area TX-TY in fiscal year 2000 or early 2001 to account for the changing
flow direction and to track the plume farther from the waste management area.

Waste Management Area U was placed in assessment in early fiscal

year 2000 because of an exceedance in the indicator parameter specific RCRA Monitoring

conductance. It remained in assessment because of elevated concentrations

of chromium, nitrate, and technetium-99. Concentrations of these constit- RCRA monitoring at the Hanford Site
uents were below drinking water standards, but they were above upgradient included

concentrations and a plausible upgradient source could not be identified.

The direction of groundwater beneath Waste Management Area U has
been strongly influenced by the 200-ZP-1 pump-and-treat operations, par-
ticularly in the northern portion of the waste management area. One upgra-
dient well went dry in fiscal year 2000. There are plans to replace this well

2 sites under corrective action

7 sites under groundwater quality
assessments

15 sites under indicator evaluation.

and to drill several downgradient wells to improve the efficiency of the
monitoring network.

Assessment activities continued at Waste Management Area S-SX with instal-
lation of new wells, hydrologic and tracer testing, and additional sampling and
analysis to evaluate the rate of contaminant movement and the extent and concen-
trations of contaminants. The most significant finding during the year was the
persistent and gradually increasing trend in technetium-99 in a new well in the
southwestern corner of the SX tank farm. Technetium-99 concentrations increased
from 39,000 pCi/L on October 1999 to 64,000 pCi/L in June 2000. The contamina-
tion is attributed to previous tank waste leaks to the soil in that area. Circumstan-
tial evidence suggests leakage from a nearby water line may be a recent driving
force for transport of vadose zone contamination to groundwater. Water lines in
this area will be isolated during summer 2001 as one interim corrective measure.

Summary
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Assessment studies helped define
the direction of groundwater flow
in the northern 200 East Area.

The water table beneath the Lig-
uid Effluent Retention Facility is
dropping below the top of the
basalt bedrock. Effective ground-
water monitoring is no longer
possible.

Although the SX tank farm occurrence is the highest technetium-99 concentration
detected in groundwater at the Hanford Site, the contaminant plume appears to be
localized and moving very slowly (<50 meters per year) to the east-southeast. Other
tank waste constituents of concern (strontium-90, cesium-137, neptunium-237,
plutonium-239/240, americium-241 and iodine-129) were analyzed in key network
wells but all were below detection limits. Based on the groundwater data collected
to date, only the more mobile tank waste constituents (e.g., technetium-99, nitrate,
hexavalent chromium, tritium) have reached groundwater beneath Waste Manage-
ment Area S-SX.

Assessment monitoring at Waste Management Area B-BX-BY in fiscal year
2000 continued to indicate the presence of three distinct plumes in the area, based
on distinct chemical suites, spatial relationships, historic plume movement, and
chemical ratios. Groundwater beneath the BY cribs, north of the waste manage-
ment area, has the highest level of technetium-99 in the vicinity. This contamina-
tion is attributed to discharges to the cribs in the 1950s and forms an extensive
plume that now is moving to the south, affecting the groundwater under Waste
Management Area B-BX-BY. The highest concentration of nitrate is detected under
the 216-B-8 crib, located east of the waste management area. This contamination is
believed to be mostly associated with discharges to the crib in the late 1940s. A
local low in the basalt bedrock exists in this area, and the contamination may be
sitting in a partially stagnant pool. Technetium-99, nitrate, and nitrite have recently
increased in wells near the BY tank farm. This contamination may have originated
from past leaks within Waste Management Area B-BX-BY.

Fiscal year 2000 studies, including borescope and trend surface analyses, helped
refine the interpretation of the direction of groundwater flow in and near Waste
Management Area B-BX-BY. Although the data showed local variability, the over-
all direction of flow appears to be toward the south beneath the waste management
area. In the past, groundwater flowed to the northwest. Three new monitoring
wells will be installed in fiscal year 2001.

The former 183-H solar evaporation basins (100 H Area) and the 316-5 process
trenches (300 Area) were monitored under final status requirements during fiscal
year 2000. Leakage from the 183-H basins in the past has contaminated the ground-
water with chromium, nitrate, technetium-99, and uranium at levels exceeding appli-
cable concentration limits. Corrective action is directed by the CERCLA program,
and an interim remedial action (pump-and-treat system) for chromium continued in
fiscal year 2000. Groundwater monitoring to meet RCRA requirements continues
during the remediation.

The 316-5 process trenches and other nearby sources contaminated groundwater
with cis-1,2-dichloroethene, trichloroethene, and uranium at levels above their respec-
tive concentration limits. However, Ecology has not approved the corrective-action
monitoring plan, and monitoring continues under the compliance plan. Natural
attenuation of the contaminants is the corrective action chosen in the CERCLA
record of decision. Groundwater monitoring continues in accordance with RCRA.

Changing water levels have affected the adequacy of some RCRA groundwater
monitoring networks. In some areas, flow directions have changed since the net-
works were designed. In other areas, wells have gone dry because of a declining
water table. Dry wells at the 216-S-10 pond and ditch and the 216-U-12 crib have
caused their monitoring networks to be considered inadequate, and replacement
wells may be required. In the 200 East Area, the Liquid Effluent Retention Facility
was monitored by only two downgradient wells in fiscal year 2000 because the
water table is dropping to near the bottom of the aquifer. In January 2001, another
downgradient well went dry and Ecology directed DOE to cease statistical evalua-
tion of groundwater data for the facility. The adequacy of monitoring networks for
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Waste Management Areas A-AX and C are uncertain because of uncertainties in
flow direction. Resolution of these uncertainties will be addressed in revised mon-
itoring plans.

Well Installation

In fiscal year 2000, fifteen new wells were installed or begun for RCRA ground-
water monitoring. Seventeen new wells were installed in the 100 Areas for activ-
ities related to environmental restoration.

Twenty wells were decommissioned (sealed with grout) in fiscal year 2000
because they were no longer used or were in poor condition. Approximately 314 well
maintenance activities were carried out during fiscal year 2000. These activities
included well or pump repair, cleaning, and maintenance.

Modeling

Numerical simulations of groundwater flow and contaminant movement are
used to predict future conditions and the effects of remediation systems. Pacific
Northwest National Laboratory (PNNL) has responsibility for a site-wide, consol-
idated groundwater flow and transport model, while Bechtel Hanford, Inc. applies
local-scale models to areas of interest for groundwater remediation.

PNNL performed a transient calibration of the site-wide groundwater flow model
using historical water-level data. The transient calibration used information on the
rising and falling water table to determine the distribution of aquifer hydraulic
parameters that produces the best match to observed water table changes.

PNNL also applied the groundwater model to support the Hanford Carbon Tet-
rachloride Innovative Treatment Remediation Technology Program. This model-
ing estimated the potential impact of the 200 West Area carbon tetrachloride source
on an assumed compliance boundary, ~5,000 meters away. The results of the mod-
eling bracketed the amount of carbon tetrachloride in groundwater that will most
likely result in compliance or non-compliance at the boundary.

Groundwater flow and transport calculations supported the performance assess-
ment for the Immobilized Low-Activity Waste Disposal Facility in the 200 East
Area. The consolidated site-wide model and supporting local scale models were
used to evaluate the impacts from the transport of contaminants at a hypothetical
well 100 meters downgradient of the disposal facilities and at the Columbia River.

The Groundwater/\Vadose Zone Integration Project is developing the System
Assessment Capability as a tool to predict cumulative site-wide effects from all
significant Hanford Site contaminants. Current plans for the groundwater compo-
nent of the System Assessment Capability are to use a simplified form of the site-
wide groundwater model to simulate contaminant transport through the saturated
zone. In fiscal year 2000, the groundwater project compiled historical data to sup-
port initial history-matching runs of the model.

Bechtel Hanford, Inc. applied groundwater models at local scales to assess and
improve the performance of groundwater pump-and-treat systems. These models
evaluated system performance and overall progress toward remediation objectives
and goals, including evaluating different extraction and injection well configura-
tions, predicting effects of different operational and pumping schedules, assessing
extent of hydraulic influence, and evaluating groundwater travel times and extent
of the capture zone.

The Groundwater/Vadose Zone Integration Project applied a two-dimensional
model for water movement in the zone of interaction between the Hanford Site

Thirty-two new wells were
installed or begun in fiscal year
2000 and twenty old wells were

sealed.

Computer simulations

of

groundwater help predict future
groundwater conditions and con-

taminant movement.
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Baseline spectral gamma logging
of selected wells in single-shell
tank farms provides data against
which future measurements can
be compared to identify tank leaks.

Soil gas monitoring for helium iso-
topes was performed at the
618-11 burial ground to help
determine the distribution of trit-
ium in groundwater and the
vadose zone. Results reveal the
presence of tritium in the vadose
zone and in groundwater.
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unconfined aquifer and the Columbia River in the 100 H Area. The model calcu-
lated path lines to illustrate the direction and rate of flow within the zone of interac-
tion. Graphics software was then used to animate water movement, showing how
the flow field responds to the fluctuating river stage over one complete seasonal
cycle of the river. Model results indicate that water in the zone between high and
low river stage is a mixture of groundwater and river water, and that contaminant
concentrations are likely to be reduced by dilution. Most of the discharge occurs
near the shoreline.

Vadose Zone

Subsurface source characterization, vadose zone monitoring, remediation, soil-
vapor monitoring, sediment sampling and characterization, and several technical
demonstrations were conducted in fiscal year 2000.

One slant borehole was drilled and sampled in the S and SX single-shell tank
farms to study sediment properties, contaminant distribution, and transport mecha-
nisms in the vadose zone. Also, cone penetrometer work identified a peak in gamma-
emitting contaminants above the base of tank S-104.

Baseline spectral gamma logging of selected wells in single-shell tank farms
was completed. This characterization serves as a baseline against which future
measurements can be compared to identify changes in vadose zone contamination,
to track movement of gamma-emitting radionuclides, and to identify or verify future
tank leaks.

Geologists conducted semi-quantitative mineral analyses of samples from one
borehole in the SX tank farm and from four samples designated as “standards” for
the Hanford and Ringold Formations at the Hanford Site. The results will help
identify mechanisms of contaminant transport in the vadose zone. A state-of-the-
art technique was used to determine directly unsaturated hydraulic conductivity of
samples from one borehole at the SX tank farm.

DOE began a 3-year study of clastic dikes and their influence on movement of
subsurface contamination in fiscal year 2000, using remote sensing and ground
penetrating radar. The study is designed to describe the geometric and hydrologic
properties of clastic dikes and extrapolate those properties to the subsurface of waste
disposal and storage sites.

Characterization activities in support of remediation of the 200-CW-1 Operable
Unit indicated that strontium-90 and cesium-137 were the predominant manmade
radionuclides in samples from the former Gable Mountain Pond. Strontium-90,
cesium-137, and plutonium-239/240 were the predominant manmade radionuclides
detected in samples from B Pond. Strontium-90 and cesium-137 were the predom-
inant manmade radionuclides detected in samples from 216-B-2-2 and B-3-3 ditches.

Four comprehensive data packages were published in fiscal year 2000 to sup-
port the 2003 Immobilized Low-Activity Waste Performance Assessment. Those
data packages describe the current state of knowledge about the geology, geochem-
istry, hydrology, and recharge to the vadose zone at two proposed sites for the
Immobilized Low-Activity Waste Disposal Facility.

Soil gas was monitored for helium isotopes at the 618-11 burial ground to help
define the extent of tritium contamination in groundwater and the vadose zone.
The highest concentrations were observed along the north side of the burial ground.
The results indicate a vadose zone source of tritium near the northern side of the
burial ground and tritium-contaminated groundwater farther from the source area.

Hanford Site Groundwater Monitoring — 2000



Analyses of leachate collected from the Environmental Restoration Disposal
Facility show that the liquid collected so far contains no elevated levels of contam-
inants of concern. Leachate at the Solid Waste Landfill continues to exceed regu-
latory standards for some constituents, but soil gas monitoring shows no constituents
of concern above reporting limits.

Soil gas monitoring at the carbon tetrachloride expedited response action site
continued during fiscal year 2000. Results indicate that in many areas much of the
readily accessible contaminant mass has been removed, and the supply of addi-
tional carbon tetrachloride is limited by desorption and/or diffusion from contam-
inant sources.

Technical demonstrations during fiscal year 2000 were designed to result in
new, innovative methods to characterize and monitor the vadose zone. Three tech-
nical demonstrations occurred during the fiscal year. First, a small diameter, pas-
sive neutron tool was demonstrated to be able to detect subsurface transuranics in
the vadose zone under certain conditions. Also, a small diameter spectral gamma
logging tool was demonstrated at an environmental remediation site in the 100 Areas.
Both tools could result in substantial cost savings over conventional methods of
characterization and monitoring. Finally, the Vadose Zone Transport Field Study
conducted a series of tests to evaluate how contaminant plumes move in the vadose
zone. Nine methods, ranging from electrical resistance to isotopic tracers, were
tested. All methods were successful to some degree in identifying changes in sub-
surface water contents (or pressures) resulting from the test injections.

Soil gas monitoring at the carbon
tetrachloride remediation site
indicates that much of the readily
accessible contamination has
been removed from the vadose
zone by soil-vapor extraction.
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Figure S.1. Hanford Site Water Table in June 1990 (National Geodetic Vertical Datum of 1929) and March 2000 (North American Vertical Datum

of 1988). NGVD29 is ~1 meter lower than NAVD88.
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Figure S.8. Cancer-Risk Estimates from Ingestion of Groundwater, Fiscal Year 2000
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1.0 Introduction

The U.S. Department of Energy (DOE) monitors groundwater at the Hanford
Site to fulfill a variety of state and federal regulations, including the Atomic Energy
Act of 1954, the Resource Conservation and Recovery Act of 1976 (RCRA), the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA), and Washington Administrative Code. DOE manages these activities
through the Hanford Groundwater Monitoring Project, which is conducted by Pacific
Northwest National Laboratory.

1.1 Purpose and Scope
M. J. Hartman

Hanford Site Groundwater Monitoring for Fiscal Year 2000 presents results of
groundwater monitoring, vadose zone monitoring and characterization, and ground-
water modeling (Figure 1.1-1). This report also summarizes groundwater remedi-
ation and well installation activities for the fiscal year. Monitoring results primarily
rely on data from samples collected between October 1, 1999, and September 30,
2000. Data received after November 13, 2000, may not have been considered in

This report describes ground-
water conditions on the Hanford
Site and fulfills regulatory report-
ing requirements. It also summar-
izes groundwater remediation,
vadose zone studies, and ground-
water modeling.

Groundwater monitoring helps the U.S. Department of Energy develop solutions to Hanford Site
cleanup issues. The protection of the Columbia River corridor is of primary importance. Pictured
above is the Hanford Reach, the last free-flowing stretch of the Columbia River.
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Figure 1.1-1. The Groundwater Monitoring Project Produces the Annual
Groundwater Report for the U.S. Department of Energy with
Input from Many Contributors

the interpretations. Some wells scheduled for sampling during the fiscal year were
delayed until October 2000. Where available, these data are also discussed in this
report if they affect interpretations.

This report is designed to meet the following objectives:

» provide a comprehensive report of groundwater conditions on the Hanford Site
and adjacent areas

« fulfill the reporting requirements of RCRA, DOE orders, and Washington Admin-
istrative Code

» summarize the results of groundwater monitoring conducted to assess the effects
of remediation or interim measures conducted under CERCLA

« describe the results of vadose zone monitoring and characterization
» summarize groundwater modeling activities

» summarize the installation, maintenance, and decommissioning of Hanford Site
monitoring wells.

Environmental restoration work, which includes groundwater remediation and
associated monitoring of pumping wells, is the responsibility of Bechtel Hanford,
Inc. Vadose zone monitoring and characterization are conducted by Bechtel Hanford,
Inc., CH2M HILL Hanford Group, Inc., and Pacific Northwest National Laboratory.
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Supporting information for waste units regulated under federal and state require-
ments are presented in Appendix A. Appendix B describes results of the quality
control program.

Background information, including descriptions of regulatory requirements,
waste sites, analytical methods, regional geology, and statistics is included in a
separately-published companion volume, Hanford Site Groundwater: Setting,
Sources and Methods (PNNL-13080). That document is not updated every year
because the information does not change significantly from year to year.

As in previous reports, the enclosed computer diskette contains groundwater
data for the fiscal year. Large plate maps show the wells used for monitoring, the
Hanford Site water table, and the distribution of tritium (the most widespread con-
taminant) in the uppermost aquifer.

This report, PNNL-13080, and previous year’s reports are available on the inter-
net at the groundwater project’s web site: http://hanford-site.pnl.gov/groundwater.

1.2 Related Reports
M. J. Hartman

Other reports and databases relating to Hanford Site groundwater in fiscal year
2000 include the following:

e Hanford Site Environmental Report for oy
Calendar Year 1999 (PNNL-13230) — Abbreviations and Acronyms

This annual report summarizes environ- .
mental data, describes environmental man- CFR Code of Federal Regulations
DOE U.S. Department of Energy
agement performance,. and r?ports the DOE/RL U.S. Department of Energy, Richland Operations Office
status of compliance with environmental | cercia Comprehensive Environmental Response, Compensation, and
regulations. Topics include effluent moni- Liability Act
toring, surface water and sediment surveil- | DCG derived concentration guide
lance, soil and vegetation sampling, |DWS drinking water standard
vadose and groundwater monitoring, Ecology Washing_ton State Department of Ecology
radiological surveys, air surveillance, and EPE'TS :fﬁfspgléz::g::;;ztﬁ%?:q Q?Oenngstem
fish and wildlife surveillance. MCL maximum contaminant level
e Hanford Environmental Information Sys- | NAvVD88 North American Vertical Datam 1988
tem (HE|S) — This is the main environ- PUREX Plutonium-Uranium Extraction (Plant)
mental database for the Hanford Site that RCRA Resource Conservation and Recovery Act
stores groundwater chemistry and water- ?:?Earty Record of Decision
level data, aS_We” as_ other environmental Agreement Hanford Federal Facility Agreement and Consent Order
data (e.g., soil chemistry, survey data). WAC Washington Administrative Code

e Quarterly data transmittals — DOE trans-
mits letters quarterly to the Washington
State Department of Ecology after groundwater data collected for the RCRA
program have been verified and evaluated. These letters describe changes or
highlights of the quarter with reference to HEIS for the analytical results.

e Fiscal Year 2000 Annual Summary Report for the 200-UP-1 and 200-ZP-1
Pump-and-Treat Operations (DOE/RL-2000-71) — This report describes results
of remediation and monitoring in two groundwater operable units in the
200 West Area.

e Annual Summary Report Calendar Year 2000 for the 100-HR-3, 100-KR-4,
and 100-NR-2 Pump-and-Treat Operations and Operable Units (DOE/
RL-2001-04) — This report describes results of remediation and monitoring in
groundwater operable units in the 100 K, 100 N, 100 D, and 100 H Areas.
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 Fiscal Year 2000 Annual Summary Report for the In-Situ REDOX Manipulation
Operations (DOE/RL-2000-74) — This report describes activities related to the
remediation system in the southwestern 100 D Area.

1.3 Groundwater/Vadose Zone Integration
Project

S. P. Sautter

DOE established the Groundwater/Vadose Zone Integration Project

REIOISIEIES BIne) WD [FELHVES (Integration Project) in late 1997 to create a site-wide approach to protect

Symbol

Radionuclide

*H
14C
®Co
o0sr
*Tc
106RYy
129|
137Cs
234U
239Pu
24OPU

tritium
carbon-14
cobalt-60
strontium-90
technetium-99
ruthenium-106
iodine-129
cesium-137
uranium-234
plutonium-239
plutonium-240

the Columbia River. In fiscal year 2000, the Integration Project continued

Half-Lives

12.35 yr
5,730 yr
53yr
29.1yr

2.1 x10%yr
358.2d
1.6 x 107 yr
30 yr

2.4 x 105 yr
2.4 x 104 yr
6.5 x 103 yr

to focus on the issues of chemical and radiological contamination in Han-
ford’s groundwater and vadose zone that pose a threat to the Columbia
River. The Hanford Groundwater Monitoring Project is under the umbrella
of the Integration Project.

In January 2000, DOE instructed the Integration Project to investigate
tritium contamination in the groundwater near the 618-11 burial ground,
where a groundwater sample from well 699-13-3A, just east of the burial
site, showed tritium levels of 8 million pCi/L. Subsequent groundwater
samples and soil gas samples collected up- and downgradient from the
initial high tritium sample provided a high level of confidence that the
plume is localized and the source is likely the waste buried in the 618-11
burial ground (see Sections 2.12.7.3 and 3.2). The investigation will con-

1.4

tinue into fiscal year 2001.

The Integration Project relies on advances in science and technology to provide
new knowledge, data, and tools for Hanford Site cleanup. This new science and
technology helps to develop a better understanding of the movement of contami-
nants through the vadose zone into the groundwater and ultimately into the Colum-
bia River. In fiscal year 2000, staff developed enhanced conceptual and numerical
models of the groundwater/river interface in the 100 H Area (see Section 4.3).

After successful demonstration, in situ redox manipulation was deployed to pre-
vent the migration of the harmful chemical hexavalent chromium into the Colum-
bia River at Hanford’s 100 D Area (see Section 2.5). Hexavalent chromium may be
harmful to young fall Chinook salmon in spawning beds adjacent to the Hanford
Site. Crews extended the length of the redox barrier from its demonstration length
of 46 meters to 195 meters in fiscal year 2000. Current plans are to complete instal-
lation of the barrier by the end of fiscal year 2002. Its final length will be 677 meters.

In fiscal year 2000, the Integration
Project released its initial System .
Assessment Capability, a set of tools to
assess future effects from the release of
contaminants during past Hanford Site
operations or from the existing stored
inventory (see Section 4.1). This effort
will help DOE decision makers better
understand the location, identity, and

amount of contaminants in Hanford’s . . . -
pCi/mg picocuries per milligram
vadose zone and groundwater. -
ppb parts per billion

One of_the keys to_the success of | ppm parts per million
the Integratlo_n Prole_ct is the mde_pen— ppmv  parts per million volume
dent peer review of its work. In fiscal

ug/L micrograms per liter

US/cm  microsiemens per centimeter
mg/L  milligrams per liter

mm/yr millimeters per year

pCi/g picocuries per gram

pCi/L  picocuries per liter
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year 2000, these peer reviews were completed by a committee from the National
Academy of Sciences and the Integration Project’s expert panel.

The National Academy of Sciences committee on environmental remediation
science and technology at the Hanford Site met three times during the fiscal year.
The committee is reviewing and making recommendations to improve the use of
science and technology in the Integration Project. This committee will complete
its work in fiscal year 2001.

The expert panel provides the Integration Project with ongoing independent
advice and recommendations on key programmatic, technical, and administrative
issues affecting the project’s success. The eight members of the panel are indepen-
dent of DOE and have a diverse set of technical backgrounds and experience rele-
vant to the cleanup of the Hanford Site. The expert panel met twice during fiscal
year 2000 to review progress of the Integration Project and provided a number of
recommendations to enhance the project’s work.

1.4 Helpful Informatior

The companion volume to this report, PNNL-13080, describes The primary units of measurement in this report are
techniques used to interpret the data and conventions for plotting. | metric. To convert metric units to English units, use
Contaminant plume maps in this report show data from fiscal years | the information provided in this table.

1998 and 1999 if there were no new data for a well in fiscal year Multiply By To Obtain
2000. Wells that monitor plumes that change slowly are sampled

every 3 years, so this convention allows us to see the most recent | centimeters 0.394 inches
data. Trend plots in this report use open symbols to show levels of | meters 3.28 feet
contaminants that were so low the laboratory could not detect them. | kilometers 0.621 miles
These results are typically reported as a value that represents the detec- kilograms 2.205 pounds
tion limit of the analytical method or instrument and are flagged liters 0.2642 gallons
“undetected” in the database. Analytical results that appear to be | square meters 10.76 square feet
erroneous remain on the plots if they do not distort the scale or obscure hectares 2.47 acres

the data trends. If the outlying data distort the figure, they are not | square kilometers 0.386 square miles
plotted. All of the data are included in the data files that accompany cubic meters 1.308 cubic yards
this report and in the HEIS database. picocuries 1,000 nanocuries

Nitrate is expressed as the NO, ion. Figures showing chromium | curie 3.7 x10% becquerel
results include total chromium in filtered samples and hexavalent | Picocurie 0.03704 becquerel
chromium in filtered or unfiltered samples. Dissolved chromium in rem 0.01 sievert
Hanford Site groundwater is virtually all hexavalent, so filtered total | °Celsius (°C x 9/5) + 32 °Fahrenheit

chromium represents hexavalent chromium.

This report compares contaminant concentrations in groundwater with state
or federally enforceable “maximum contaminant levels” and other limits for drink-
ing water. Although Hanford Site groundwater is not generally used for drinking,
these levels provide a useful indicator to provide perspective on contaminant
concentrations.
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