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Executive Summary

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and
Executive Order (EO) 12580 mandate that the U.S. Department of Energy (DOE), as the federal lead
agency, conduct response actions (removal and remedial) at the Hanford Site. CERCLA requires that a
review of the status of response actions for waste sites where contamination remains which prohibits
unrestricted use is required to be conducted no less frequently than once every five years to determine
whether the selected remedy(ies) at a site remain protective of human health and the environment.

The Hanford cleanup is guided by the Tri-Party Agreement (TPA). The TPA is a legally binding agree-
ment between DOE, the U.S. Environmental Protection Agency (EPA) and Washington State Department
of Ecology (Ecology) that establishes the regulatory guidelines and framework for achieving the cleanup.
Records of decision are the decision documents from these processes that identify the selected remedies
to address the identified risks. The five-year review process validates the remedies selected in action
memoranda and records of decision (RODs) are, or will be, protective when completed, unless the
conditions and assumptions on which the decisions were based have changed significantly. The purpose
of the five-year report is to present the results of the review, identify whether or not the actions are
protective, and recommend appropriate corrective actions when the remedy is not achieving the
established goals.

The DOE Hanford Site was established in 1943 to produce nuclear materials for national defense. During
the period the site produced nuclear material to be used in the national defense, many activities resulted in
the disposal of wastes containing hazardous constituents and/or radioactive materials. Adverse impacts
on the environment from those activities are being remediated.

The Hanford Site was divided into four sites when it was placed on the National Priorities List (NPL) on
November 3, 1989. The four NPL sites listed were: the DOE Hanford 100 Area, 200 Area, 300 Area, and
1100 Area. Since the Hanford Site was placed on the NPL, DOE has made considerable progress in
cleaning up the site. Some of the progress demonstrated includes deletion of portions of the 100 Area,
including the Wahluke Slope north of the Columbia River, and the entire 1100 Area from the NPL.

The five-year review conducted by the EPA in 2000, covered all portions of the site with a CERCLA
decision document and covered areas that contain hazardous substances, pollutants, or contaminants,
which are to be remediated under CERCLA. DOE considered the USDOE Hanford Site First Five-Year
Review Report issued by EPA in April 2001 as the starting point for this second five-year review. In this
second review, DOE has reviewed CERCLA decisions made and activities initiated, terminated, or
completed in the intervening five-year period between CERCLA five-year reviews.

The five-year review in 2000 evaluated the performance of the remedies selected in interim records of
decision, including existing institutional controls in place to prevent exposure to the public and the
environment. EPA concluded that the selected remedies were protective, or would be protective when the
remedial action was completed. EPA identified some deficiencies and corrective actions to address the
deficiencies. In conducting the 2005/2006 five-year review, DOE applied the same approach that EPA
used and followed the revised EPA and DOE guidance on how to conduct five-year reviews.
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The following summarizes the results of the review conducted by DOE.

100 Areas NPL Site. For the 100 Areas, eight RODs for interim actions have been issued. Based on
additional characterization, RODs were amended to address contaminants not previously included or
contaminated areas not originally covered by the ROD. Explanations of significant difference have been
issued to modify a ROD when DOE determined that the changes were not significant enough to require a
formal amendment to the ROD. Five of the RODs in the 100 Areas address soil contamination, one
addresses K-Basins spent fuel removal, and the other two address contaminated groundwater. Seventeen
additional CERCLA decision documents address the demolition of buildings and structures, soil removal,
groundwater treatment, landfill cleanup in the 100 Areas, including ten action memoranda and seven
expedited response action approvals. Final RODs have not been issued for operable units included in the
DOE Hanford 100 Area NPL site.

In the 100 Areas, interim actions are meeting the removal action and interim remedial action objectives.
Removal actions primarily consisting of building demolition and placing old reactors in “interim safe
storage” condition have met the removal action goals as outlined in the action memoranda. One hundred
twenty (120) of the waste sites in the 100 Area NPL site have been remediated to meet the cleanup levels
established in the interim RODs or action memoranda since the last five-year review. The review
determined that most of the groundwater interim actions are also meeting the remedial action objectives
established in the interim records of decision. The strontium-90 groundwater plume at the 100-N Area is
an exception, and an alternative technology approach is being tested. The groundwater contaminant
plumes in some areas have not yet been addressed and will be addressed in future RODs.

The source removal actions to remediate contaminated soil waste sites in the 100 Areas through the
remove, treat, and dispose remedy were, and are, designed to be consistent with final cleanup actions,
including applicable or relevant and appropriate requirements (ARARs). It is also anticipated that the
residual human health and environmental risks from these waste sites will achieve the required risk levels
when the remediation is completed. For these areas, DOE believes it is appropriate to state that the
selected interim remedy is protective or will be when completed. If, upon completion of the River
Corridor Baseline Risk Assessment, it is clear that the residual risk from these areas is not acceptable, the
need for additional remediation will be addressed in the final RODs and evaluated and addressed in future
five-year reviews.

The groundwater interim actions in the 100 Areas are not designed to be remedial actions. They are
designed as interim measures to keep selected principle threat contaminants from reaching the Columbia
River. Consequently, the protectiveness of the selected remedies for groundwater remediation cannot be
assessed through the same logic. There may be contaminants other than the selected principle threat
contaminants addressed in the interim actions that may need to be addressed in the final RODs.

For the 100-NR-2 Groundwater Operable Unit, the remedial action objectives for the strontium-90
contaminant in the groundwater established in the ROD are not being met. Data demonstrates that the
strontium-90 concentrations at the river’s edge have not been impacted by the pump-and-treat system.
Institutional controls are in place to prevent use of the groundwater. For this operable unit, the
institutional controls are effective in protecting human health; however, a determination of protectiveness
is being deferred until a final remedy is selected through the CERCLA remedial investigation/feasibility
study process. Alternative remedies including a permeable reactive barrier with a potential additional
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“polishing” phytoremediation technology are being tested. However, because the test has not been
completed, the benefit cannot be demonstrated in this review, therefore the determination of long-term
protectiveness statement is deferred.

With the (a) completion of the River Corridor Baseline Risk Assessment, (b) expansion of the pump-and-
treat technology with potential application of supporting technologies to cover the plumes more
thoroughly, and (c) development of improved data on performance of the pump-and-treat and apatite
sequestration technologies, the remedies selected in the final RODs for the 100 Areas operable units will
more completely address the human health and environmental risks. The protectiveness of those
remedies will be evaluated in future five-year reviews.

200 Areas NPL Site. For the Hanford 200 Area NPL site, four RODs are in place: two RODs for interim
action address groundwater contaminants, and two final RODs address the Environmental Restoration
Disposal Facility (ERDF) and contaminated soil removal at the 221-U Facility (Canyon Disposition
Initiative). Nine action memoranda have been issued for removal actions. The ERDF operations have
been exemplary and the facility is operating as required to meet the objectives outlined in the ROD of
disposing of waste from all Hanford CERCLA activities. Because the remedial actions covered by the
221-U ROD, signed in September 2005, are just being initiated, it was not evaluated in this five-year
review. Completed removal actions performed under the nine action memoranda, such as removal of the
232-7 facility, have met the remedial objectives.

For the 200 Area Source (soil) Operable Units, remedial investigations and feasibility studies are being
conducted. Because final remedies have not yet been selected or implemented, protectiveness determi-
nations cannot be made. However, some removal actions have been initiated or completed. It is
anticipated that the results of the removal actions will be consistent with the final remedies selected
through the remedial investigation/feasibility study and ROD processes.

Two pump-and-treatment systems and a vapor extraction system have been installed as interim actions to
treat groundwater contamination in the 200 Areas. The 200-ZP-1 Groundwater Operable Unit has a
pump-and-treatment system to remove carbon tetrachloride from the groundwater. This system was
designed to address only the most concentrated portion of the shallow portion of the plume and will be
expanded through the CERCLA remedial investigation/feasibility study process to address the deeper
portion of the plume. A protectiveness determination for the pump-and-treat interim remedy is being
deferred until a final remedy is selected through the CERCLA remedial investigation/feasibility study
process.

The 200-PW-1 (formerly 200-ZP-2) Soil Operable Unit has a vapor extraction system to remove carbon
tetrachloride from the soil. This system has proven to be effective and will continue operation, with
improvements. The 200-UP-1 Groundwater Operable Unit has a pump-and-treatment system to remove
uranium and technetium-99 from the groundwater. This system has met the remedial action objectives
identified in the ROD for interim action and is currently undergoing a rebound test. The need for
additional work will be assessed through the CERCLA remedial investigation/feasibility study process.
A protectiveness determination for the vapor extraction system interim remedy is being deferred until a
more complete remedy is selected through the CERCLA remedial investigation/feasibility study process.

300 Area NPL Site. The CERCLA decision documents for the 300 Area include a final ROD for
contaminated soil remediation, one ROD for interim actions for contaminated soil remediation, one ROD
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for interim actions for groundwater remediation, one expedited response action approval, and three action
memoranda. The contaminated soil remedial action under the final ROD met all of the remedial action
objectives. Work under the ROD for interim action for contaminated soil remediation is still in progress.

The source removal actions in the 300 Area to remediate contaminated soil waste sites through the
remove, treat, and dispose remedy were, and are, designed to be consistent with final cleanup actions,
including ARARs. It is also anticipated that the residual human health and environmental risks from
these waste sites will achieve the required risk levels when the removal action is completed. For these
areas, additional final remedial actions are not anticipated; therefore, DOE believes it is appropriate to
state that the selected interim remedy is protective or will be when completed. If, upon completion of the
River Corridor Baseline Risk Assessment, it is clear that the residual risk from these areas is not
acceptable, the need for additional remediation will be addressed in the final RODs and evaluated and
addressed in future five-year reviews.

Remediation of the uranium plume in the 300 Area groundwater through natural attenuation with
monitoring has not achieved the remedial action objectives in the ten-year time frame envisioned when
the ROD for interim action for groundwater was established. Under the existing ROD, institutional
controls to prevent use of the groundwater is the primary means of protecting human health until remedial
measures bring the uranium concentrations to below drinking water standards are completed. For this
operable unit, the institutional controls are effective in protecting human health; however, a determination
of protectiveness is being deferred until a final remedy is selected through the CERCLA remedial
investigation/feasibility study process. DOE is currently performing additional characterization activities
and has initiated treatability studies supporting more aggressive treatment options. Selection of more
effective remedies is anticipated in the near future. Protectiveness of the selected long-term remedies will
be evaluated in future five-year reviews.

1100 Area NPL Site. The remedies selected in the 1100 Area Operable Unit ROD met the remedial
action objectives. The remedial actions selected for the 1100 Area Operable Units have been completed,
the remedy remains protective, and the 1100 Area NPL site has been deleted from the list. During the last
five years, some residual dichlorodiphenyl trichloroethane (DDT) contamination at the Horseshoe
Landfill was detected and removed. Groundwater contaminants in the vicinity of the Horn Rapids
Landfill have been reduced below the applicable drinking water standard. Asbestos waste disposed in the
Horn Rapids Landfill is still in place and remains secure. DOE will continue to maintain the integrity of
the cap and fencing at the Horn Rapids Landfill per the Superfund Site Closeout Report requirements.
Because contamination was left in place, the 1100 Area will continue to be included in future five-year
reviews.

During the course of conducting this review, some issues were noted and corrective actions identified.
A summary of the issues and follow up actions is provided in Table ES.1.

Table ES.1 combines two of the tables recommended in the EPA Comprehensive CERCLA Five-Year
Review Guidance; the “Table for Listing Issues,” and the “Table for Listing Recommendations and
Follow-up Actions.” The Table for Listing Issues includes columns for addressing whether the issue(s)
affects current or future protectiveness. The Table for Listing Recommendations and Follow-up Actions
also has columns for addressing whether the recommendations or actions affect current or future protec-
tiveness. The combined table includes those same columns. In addressing whether the issues and recom-
mendations or actions affect protectiveness, DOE asked these two questions: 1) Does this issue/action
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currently affect the protectiveness of the remedy? 2) Will this issue/action affect the protectiveness of
the remedy in the future? If the answer was yes, it is so noted. If the answer was no, it was also noted
and a footnote has been added to provide additional explanation. DOE Richland Operations Office (RL)
will follow the CERCLA process to correct any deficiencies or to address any protectiveness concerns.
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Table ES.1. CERCLA Five-Year Review Issues and Actions

Affects Current | May Affect Future Responsible

. . 1 . 2
Issues and Actions Protectiveness Protectiveness Organization
(Yes / No) (Yes / No) within DOE
RS B 7 S = T T

Action Due
Date
g %

TPA Lead
Regulator

MIIATY B2 A -9AL] VIDYEHD

Issue 1. Additional risk assessment mformatlon is needed to evaluate the mterlm
actions prescribed within the records of decisions and to develop final cleanup
decisions.

B A RO RSSO isas
EPA/WDOE | 06/2007

Action 1-1. Submit Draft A of the River Corridor Baseline Risk Assessment No* Yes
Report.

Action 1-2. Submit draft sampling and analysis plan for Inter-Areas No’ Yes
Shoreline Assessment.

EPA/WDOE | 08/2006

Issue 2. A strategy to obtain the final records of decisions and integrate the waste sites, No’ No
deep vadose zone and groundwater has not been developed and agreed upon with the
regulator agencies.

Action 2-1. Submit Draft A of the River Corridor Strategy for Achieving No* No
Final Cleanup Decision in the River Corridor. Document will identify issues
for integration and provide alternatives for future discussions between the

Tr1 Partles on mllestones for ﬁnal records of decision in the River Corrldor

mA

EPA/WDOE | 11/2006

Issue 3 The southeastern (inland) extent of the chromium groundwater plume from the
116-K-2 trench, northeast of the current injection wells, has not been delineated.

Action 3-1. Install three additional wells to further delineate the No’ Yes
southeastern (inland) extent of the chromium groundwater plume from the
116-K-2 trench, northeast of the current injection wells. Wells installed as
part of the pump-and-treat system expansion or injection well relocation may
count towards this effort if appropriately located.

08/2008
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Affects Current

May Affect Future

. 1 . Responsible
Issues and Actions Protectiveness Protectiveness’ Org;’nizaltion TPA Lead Action Due
(Yes / No) (Yes /No) within DOE Regulator Date
Issue 4. The small chromium plume at KW Reactor site has reached the river, as Yes Yes . . \
evidenced by near-shore aquifer tubes. There is currently no active remediation system
in place for the small chromium plume at the KE-K'W Reactor site. Therefore,
construction of a new pump-and-treat system has been initiated in response to this
condition.
Action 4-1. Construct a new pump-and-treat facility to the address the Yes Yes GRP EPA 08/2008
chromium groundwater plume in the KW Reactor area.
Issue 5. Groundwater monitoring indicates that the expansion of the 100-K Area pump- Yes Yes
and-treat extraction system has not yet achieved the remedial action objective. .
Action 5-1. Expand the 100-K Area pump-and-treat system by 378.5 liters Yes Yes GRP EPA 08/2008
(100 gallons) per minute to enhance remediation of the chromium plume
between the 116-K-2 and the N Reactor perimeter fence.
Action 5-2. Add additional wells between the 166-K-2 trench and the Yes Yes GRP EPA 03/2007

N Reactor perimeter fence for groundwater extraction, and connect the
additional wells to the pump-and-treat system.

S FENbE

Issue 6. The pump-and-treat system is ineffective and inefficient in reducing the flux of
strontium-90 to the Columbia River, providing only a fraction (1:10) of the protection
provided by natural radioactive decay. The degree of protection provided by hydraulic
control from the pump-and-treat is unproven.

Yes

Action 6-1. Implement the treatability test plan for permeable reactive
barrier utilizing apatite sequestration as described in the Strontium-90
Treatability Test Plan for 100-NR-02 Groundwater Operable Unit (DOE
2005c¢). Issue Treatability Test Report.

Yes

Yes

GRP WDOE 09/

Issue 7. Additional ecological data is needed to assess the interim actions prescribed
within the record of decisions and to develop final cleanup standard. The extent of
shoreline water quality impacts related to the diesel spill that occurred circa 1963 are not
well known.

Yes

Action 7-1. Perform additional data collection to support risk assessment,
provide to Ecology previously collected data, and coordinate with River
Corridor sampling efforts to collect additional pore water data from new and
existing aquifer tubes along the 100-NR-2 shoreline in order to assess water
quality impacts.

Yes

<

2008

WDOE 09/2008
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- Affects Current | May Affect Future Responsible
s 1 + 2
= Issues and Actions Protectiveness Protectiveness” | orgapization| TPALead | Action Due
_'< (Yes / No) (Yes / No) within DOE Regulator
8
-
%
g. vadose source in the 100-D Area near the demolished 190-DR clear wells.
z Action 8-1. Complete a field investigation to investigate additional sources No* Yes
of chromium groundwater contamination within the 100-D Area. Additional
geologic and geochemical investigations of the vadose zone in the 100-D
Area.
Issue 9. There is less than adequate data to characterize potential chromium No* Yes
groundwater contamination between the 100-D and 100-H Area, in the arca known as
the “horn.” - »
Action 9-1. Perform additional characterization of the aquifer for chromium No’ Yes GRP WDOE 09/2009
. . q
o contamination between the 100-D and 100-H Area, in the area known as the
“hom,” and evaluate the need to perform remedial action to meet the
remedial action objectives of the 100-D record of decision for interim action.
This issue will also be addressed in the final record of decision.
Action 9-2. Incorporate the “horn” area into the 100-HR-3 interim ROD Yes Yes GRP WDOE 09/2009
treatment zone if Action 9-1 indicates “horn” contains a groundwater
chromium plume that needs immediate remediation.
Issue 10. Some of the groundwater wells near the 182-D reservoir show conductivity Yes Yes
values similar to values expected for raw water indicating some leakage from the
reservoir.
Action 10-1. Issue direction to the operating contractor to change operations Yes Yes
to further minimize leakage from the 182-D reservoir.
Zz | Issme 11. A few wells within the in situ redox manipulation barrier have shown break Yes Yes
% through much sooner than expected.
g, Action 11-1. Initiate limited iron amendments to the in situ redox Yes Yes GRP WDOE 09/2007
q manipulation barrier to evaluate whether this enhances the performance.
=
)
S
S
(@)%
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Issues and Actions

?)ffetctst.Currenlt M;y ?ff:.ct Futuzre Responsible
rotectiveness rotectiveness Organization TPA Lead Action Due
(Yes / No) (Yes / No) within DOE Regulator Date

S

initial aquitard.

i

Issue 13. There is less than adequate deep groundwater monitoring data downgradient
of T Tank Farm to define the nature and extent of technetium-99 contamination. Further
characterize the technetium-99 groundwater plume near T Tank Farm.

Issue 12. Groundwater samples from one deep well extending below the aquitard No’
exceed the drinking water standard (100 ug/L) for chromium. The extent of chromium
contamination in this zone is not well understood.
Action 12-1. Perform additional characterization of the aquifer below the No’ Yes

GRP

GRP EPA

GRP EPA 09/2007

GRP EPA 12/2007

299-W15-45 and 299-W15-47.

Action 13-1. Complete a data quality objective process and sampling plan to No* Yes
further characterize the technetium-99 groundwater plume near T Tank
Farm.
Issue 14. The recent expansion of the 200-ZP-1 extraction well network near the No’ Yes
TX-TY Tank Farm may result in technetium-99 contamination being pulled into the
200-ZP-1 treatment system. Treatment options for groundwater contaminated with
technetium-99 need to be assessed.
Action 14-1. Assess treatment options to address technetium-99 near T Tank No’ Yes
Farm.
Issue 15. Soil resistivity measurements have detected large regions of anomalous high No* Yes
soil conductivity in the area south of PUREX around the 216-A-4 crib and near the B/C
cribs and trenches. Further characterization of the B/C cribs and trenches is needed.
Action 15-1. Complete data quality objective process and sampling plan to No* Yes
further characterize the high soil conductivity measurements detected at B/C
cribs and trenches.
Issue 16. Efficiency and cffectiveness of the 200-ZP-1 pump-and-treat system could be No' Yes
increased by increasing the pumping rate to fully utilize the treatment capacity.
Action 16-1. Increase the pump size in 200-ZP-1 extraction wells No* Yes

GRP

EPA 03/2007




Affects Current | May Affect Future

Responsible
Issues and Actions Protectiveness' Protectiveness’ P

Organization TPA Lead Action Due
(Yes / No) (Yes / No) within DOE Regulator Date

Issue 17. Efficiency of the carbon tetrachloride remediation could be increased by No® Yes
increasing the use of the 200-ZP-2 vapor extraction system. The soil-vapor extraction
system is in limited operation. Expanding the soil-vapor extraction operations should be
evaluated.

MIIAY 1B A -9AL] VTIDIID

Action 17-1. Evaluate expanding the soil-vapor extraction operations. Also, No’ Yes GRP WDOE 03/2007
specifically review converting former groundwater extraction well

299-W15-32 to a soil-vapor extraction well.

Issue 18. The remedial action objective for uranium was based upon the Washington No° Yes
State Model Toxics Control Act (MTCA) cleanup standard of 48 ppb when the
200-UP-1 interim ROD was issued. Since this time, EPA has established a drinking
water standard for uranium of 30 ppb. There are also some other issues to be addressed
within the ROD if an explanation of significant difference is prepared. These include
the limited quarterly pumping requirement at well 299-W23-19, adjusting the pumping
requirement for 200-UP-1 due to limited flow within the extraction well network, and
technetium-99 groundwater contamination at other locations within the operable unit.

X

e

6/2008

Action 18-1. Prepare an explanation of significant difference for 200-UP-1 No® Yes
interim ROD.

groundwater under the 300 Area has not occurred. DOE is currently performing
additional characterization and treatability testing in the evaluation of more aggressive
remedial alternatives.

i3

Action 19-1. Complete focused feasibility study for 300-FF-5 Operable Unit No’ Yes GRP EPA 09/2008
to provide better characterization of the uranium contamination, develop a
conceptual model, validate ecological consequences and evaluate treatment
alternatives. Concurrently test injection of polyphosphate into the aquifer to
immobilize the uranium and reduce the concentration of dissolved uranium.
These activities support a CERCLA proposed plan.
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Issues and Actions

. _

Affects Current
Protectiveness'

May Affect Future
Protectiveness’

(Yes / No)

(Yes / No)

the 1100-EM-1 Operable Unit.

Issue 20. Groundwater monitoring for the 1100-EM-1 Operable Unit is no longer No® No®
necessary but continues following an extended period of monitoring that shows
contaminant levels are below the maximum contaminant level and continue to show a
downward trend.
Action 20-1. Submit a change request to modify groundwater monitoring for No* No®

Responsible
Organization
within DOE

TPA Lead
Regulator

Action Due
Date

6/2007

Does this issue/action currently affect the protectiveness of the remedy?
Will this issue/action affect the protectiveness of the remedy in the future?

[ IR B e MW R RV S

RCP - River Corridor Remediation Project

GRP — Groundwater Remediation Project

EPA - Environmental Protection Agency

WDOE — Washington State Department of Ecology

Identifying the need for, and acquiring new data in the future, does not affect the current status of protectiveness.
Identifying the need for, and expanding the capacity of the pumps in the future, does not affect the current status of protectiveness.

Identifying the need for, and increasing the use of the vapor extraction system in the future, does not affect the current status of protectiveness.
Changing the remedial action objective or other requirements of the ROD through an ESD does not affect the current status of protectiveness.
Completion of the focused feasibility study in the future does not affect the current status of protectiveness
Modifying the groundwater monitoring requirements for the 1100-EM-1 Operable Unit does not affect the current status of protectiveness.




Protectiveness Statements

In response to the public comments and dialogue on the protectiveness statements, DOE has reviewed the
protectiveness statements and agrees that in some cases the statements made in the Public Review Draft
overstated the level of protectiveness that can be determined based on the information available at this
time. DOE concluded a more conservative determination would more accurately reflect the situation.
Revisions to some of the protectiveness statements were made to reflect the level of knowledge on which
the statements are based.

The revised protectiveness statements are provided below. For perspective, protectiveness statements
from the first five-year review conducted by EPA are also provided.

2001 Five-Year Review Report Protectiveness Statement — 100 Areas NPL Site

“I certify that remediation of the soil sites, D&D of buildings, in-situ treatment of chromium, and
K Basins remedial actions in the 100 Area are protective of human health and the environment. The
100 Area pump-and-treat actions for chromium are not achieving the criteria for protection of the
environment. While the N Area pump-and-treat system is currently containing much of the plume and
removing mass, high concentrations of Strontium-90 in the groundwater adjacent to the river continue to
pose a risk to human health and the environment. Existing ICs, along with the ICs resulting from the
implementation of the recommendations in this five-year review, will be protective of human health and
the environment. [ also certify that those remedial activities that are not completed, or are still in the
design or investigation stage, do not require immediate response actions to protect human health and the
environment.”

2006 Five-Year Review Report Protectiveness Statement for 100 Area NPL Site Source Operable Units

For the 100 Area Source (soil) Operable Units, cleanup has occurred, or is ongoing, under RODs for
interim actions. All of the contaminants of potential concern are addressed. ARARs were established for
the contaminants of concern. Remedial actton objectives consistent with the ARARs were established in
the RODs. The cleanup that is occurring under these RODs for interim actions has not at this time been
completed for all of the waste sites within the operable unit. In addition, broader areas, such as the river
shoreline, that are currently being evaluated in the River Corridor risk assessments have not been included
in the RODs for interim actions.

For the source (soil) sites included in Operable Units 100-BC-1, 100-BC-2, 100-KR-1, 100-KR-2,
100-NR-1, 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, 100-FR-1, and 100-FR-2, based on this review
and taking the protectiveness determination questions into account, DOE has concluded that the remedies
selected for the 100 Area operable units are protective in the short-term of human health and the environ-
ment because the cleanup standards are being met and are within the acceptable risk range. There is no
outward evidence of ecological harm; however, DOE is conducting an ecological risk assessment to
determine if there are any residual risks that have not been adequately addressed. The determination for
long-term protectiveness for human health and the environment for these operable units is being deferred
until a final remedy is selected through the CERCLA remedial investigation/feasibility study process.
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2006 Five-Year Review Report Protectiveness Statement for 100 Area NPL Site Groundwater Operable
Units

RODs for interim action have been written for 100-HR-3 (including 100-D Area) and 100-KR-4 Ground-
water Operable Units where chromium contaminated groundwater has the potential to exceed ambient
water quality standards in areas where aquatic biota are exposed to a mixture of groundwater and river
water. The remedial action objectives are to reduce hexavalent chromium concentrations at near river
wells to less than two times the ambient water quality standard for hexavalent chromium, recognizing the
dilution of groundwater as it enters the gravels of the river bottom. These RODs were not intended to
address secondary contaminants of potential concern or to restore the aquifer but to assure protectiveness
of aquatic resources. Final RODs will address secondary contaminants and aquifer restoration to the
extent practicable.

DOE believes that the selected remedies of source control, pump-and-treat, and chemical reduction will
be protective when fully implemented. It is recognized that improvements are necessary to the existing
system design to expand the scope of coverage. Furthermore, all of the sources of the chromium have not
been identified and remediated. Therefore, improvements are planned for the selected remedies. DOE is
evaluating new technologies and expanded pump-and-treat systems for the final RODs. Institutional
controls currently assure protection of human health. The final RODs will address all the contaminants of
potential concern and the full extent of contamination to assure protection of human health and the
environment. The determination for long-term protectiveness for human health and the environment for
the 100-HR-3 and 100-KR-4 Operable Units is being deferred until a final remedy is selected through the
CERCLA remedial investigation/feasibility study process.

For the 100-NR-2 Groundwater Operable Unit, the remedial action objectives for the strontium-90
contaminant in the groundwater established in the ROD are not being met. Data show that strontium-90
concentrations at the shoreline have not been reduced by the pump-and-treat system. Alternative
remedies are being investigated and work has been initiated on a field treatability test during 2006.
Institutional controls are in place to prevent use of the groundwater. Therefore, for this operable unit, the
remedy (pump-and-treat) is not considered to be protective in the short-term. Follow-up actions,
including evaluation of the effectiveness of the alternative permeable reactive barrier technology currently
being tested, are necessary to determine effectiveness of the technology. The determination for long-term
protectiveness for human health and the environment for the 100-NR-2 Groundwater Operable Unit is
being deferred until a final remedy is selected through the CERCLA remedial investigation/feasibility
study process.

2001 Five-Year Review Report Protectiveness Statement for 200 Areas NPL Site

“The 200 Area NPL site is in the early stages of the CERCLA process. Given the status of investi-
gations and remedial actions, I certify that no soil waste sites or buildings undergoing decontamination
and decommissioning in the 200 NPL site require immediate response actions to protect human health
and the environment. I certify that the 200-BP-5 and 200-PO-1 Operable Units do not require immediate
response actions to protect human health and the environment. I certify that, for the 200-ZP-1 Operable
Unit and the 200-UP-1 Operable Unit, additional actions are required to ensure protection of human
health and the environment.”
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2006 Five-Year Review Report Protectiveness Statement for 200 Area NPL Site Source Operable Units

For the 200 Area Source (soil) Operable Units, final remedies have not yet been selected or implemented
and protectiveness determinations cannot be made. For removal actions that have been initiated or
completed, it is anticipated that the results will be consistent with the final remedies selected through the
remedial investigation/feasibility study and ROD processes. Protectiveness of those remedies will be
evaluated in future five-year reviews.

2006 Five-Year Review Report Protectiveness Statement for 200 Area NPL Site Groundwater Operable
Units

For the two RODs for interim action that address groundwater contaminants, two pump-and-treatment
systems and a vapor extraction system have been installed as interim actions to treat groundwater
contamination in the 200 Areas. The 200-ZP-1 Groundwater Operable Unit has a pump-and-treatment
system to remove carbon tetrachloride from the groundwater. This system was designed to address only
the most concentrated portion of the shallow portion of the plume and the will be expanded through the
CERCLA remedial investigation/feasibility study process to address the deeper portion of the plume. A
protectiveness determination for the 200-ZP-1 pump-and treat interim remedy is being deferred until a
final remedy is selected through the CERCLA remedial investigation/feasibility study process.

The 200-UP-1 Groundwater Operable Unit has a pump-and-treatment system to remove uranium and
technetium-99 from the groundwater. This system has met the remedial action objectives identified in the
ROD for interim action and is currently undergoing a rebound test. A protectiveness determination for
the 200-UP-1 pump-and treat interim remedy is being deferred until a review of the rebound study results
is completed and a final remedy is selected through the CERCLA remedial investigation/feasibility study
process.

The 200-PW-1 (formerly 200-ZP-2) Soil Operable Unit has a vapor extraction system to remove carbon
tetrachloride from the soil. This system has proven to be effective and will continue operation, with
improvements. The need for additional work will be assessed through the CERCLA remedial
investigation/feasibility study process. A protectiveness determination for the vapor extraction system
interim remedy is being deferred until a final remedy is selected through the CERCLA remedial
investigation/feasibility study process.

2001 Five-Year Review Report Protectiveness Statement for 300 Area NPL Site

“I certify that remediation of the soil sites and groundwater in the 300 Area NPL site are protective of
human health and the environment. Existing institutional controls, plus those resulting from imple-
menting the action items in this five-year review, will ensure protection of human health in the future. 1
also certify that those remedial activities that are not completed, or are still in the design or investigation
stage, do not require immediate response actions to protect human health and the environment.”

2006 Five-Year Review Report Protectiveness Statement for 300 Area NPL Site Source Operable Units

For the 300 Area source (soil) sites in the 300-FF-2 Operable Unit, cleanup has occurred, or is ongoing,
under an ROD for interim actions. For the source (soil) sites in the 300-FF-1 Operable Unit, cleanup has
been completed under a final ROD. For both RODs, all of the contaminants of potential concern are
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addressed. ARARs were established for the contaminants of concern. Remedial action objectives
consistent with the ARARs were established in the RODs.

For the source (soil) sites included in the 300-FF-1 and 300-FF-2 Operable Units, based on this review
and taking the protectiveness determination questions into account, DOE has concluded that the remedies
selected are protective in the short term of human health and the environment because the cleanup stan-
dards are being met and are within the acceptable risk range. There is also no outward evidence of
ecological harm associated with the 300-FF-1 or 300-FF-2 Operable Units. The determination for long-
term protectiveness for human health and the environment for the 300-FF-2 Operable Unit is being
deferred until the risk assessment is completed and a final remedy is selected. The remedy selected for
the 300-FF-1 Operable Unit is protective in the long term for the above reasons and the fact the remedy
was selected under a final ROD. DOE recognizes, however, that the risk assessment will evaluate this
area again, and final decisions will be made for source sites adjacent to the 300-FF-1 Operable Unit.
Protectiveness for the 300-FF-1 Operable Unit will be re-evaluated upon completion of the risk assess-
ment and final remedy selection for the 300-FF-2 Operable Unit. Protectiveness of those remedies will be
evaluated in future five-year reviews.

2006 Five-year Review Report Protectiveness Statement for 300 Area NPL Site Groundwater Operable
Units

For 300-FF-5 Groundwater Operable Unit, the selected remedy of monitored attenuation for the uranium
contaminant in the groundwater is not achieving the remedial action objectives established in the ROD.
However, institutional controls are in place to prevent human consumption of the groundwater. For this
operable unit the remedy is not considered protective. Follow up actions are necessary to determine long-
term protectiveness because remedial action objectives are not expected to be met. The remedial actions
and remedial action objectives are being re-evaluated.

2001 Five-year Review Report Protectiveness Statement for 1100 Area NPL Site

“The protection of human health and the environment by the remedial actions at 1100-EM-1,
1100-EM-2, 1100-EM-3, and 1100-IU-1 are discussed below. Because the remedial actions at the
operable units are protective of human health and the environment, the remedy for the site is expected
to be protective of human health and the environment.”

1100-EM-1

The remedy at 1100-EM-1 is protective of human health and the environment. The cap is effective at
containing the asbestos fibers. The vegetation has taken hold and is preventing wind erosion of the cap.
The groundwater contamination continues to attenuate throughout the plume and the current trend in TCE
concentrations indicate that TCE should meet cleanup values (the MCL of 5 pug/L) in 5 to 7 years.

1100-EM-2

The remedy at 1100-EM-2 is protective of human health and the environment. The remedial actions
allow for unrestricted use and unlimited exposure.
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1100-EM-3

The remedy at 1100-EM-3 is protective of human health and the environment. The remedial actions
allow for unrestricted use and unlimited exposure.

1100-1U-1

The remedy at 1100-IU-1 is protective of human health and the environment. The remedial actions
allow for unrestricted use and unlimited exposure.”

2006 Five-Year Review Report Protectiveness Statement for 1100 Area Operable Units

The remedies selected for the operable units included in the 1100 Area NPL site have been completed and
the remedial action objectives established in the final ROD have been achieved. These remedies are
protective of human health and the environment. The 1100 Area site has been deleted from the NPL.
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l Acronyms
l AEA Atomic Energy Act
ALE Fitzner-Eberhardt Arid Lands Ecology (Reserve)
. ARAR applicable or relevant and appropriate requirements
' BEHP bis(2-ethylhexyl)phthalate
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations
l CcwC Central Waste Complex
D&D decontamination and decommissioning
' DDT dichlorodipheny] trichloroethane
DNAPL dense nonaqueous phase liquid
l DOE U.S. Department of Energy
DOE-RL U.S. Department of Energy, Richland Operations Office
l Ecology Washington State Department of Ecology
EO Executive Order
EPA U.S. Environmental Protection Agency
' ERDF Environmental Restoration Disposal Facility
FY fiscal year
. NCP National Oil and Hazardous Substances Contingency Plan
NEPA National Environmental Policy Act
' NPL National Priorities List
PCB polychlorinated biphenyls
l PFP Plutonium Finishing Plant
PUREX plutonium/uranium extraction (Plant)
l RCRA Resource Conservation and Recovery Act
REDOX reduction/oxidation (Plant)
' ROD record of decision
TPA Hanford Federal Facility Agreement and Consent Order, aka Tri-Party
l Agreement
WAC Washington Administrative Code
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Introduction

Five-Year Review Requirement

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) places
responsibilities for conducting response actions on federal facilities with the President of the United
States. CERCLA Section 9615 authorizes the President to delegate his CERCLA responsibilities to
responsible federal agencies.

Through Executive Order 12580 (EO 12580), the President delegated many of those responsibilities to
Executive Branch agencies, including the U.S. Department of Energy (DOE). Under EO 12580, DOE is
designated as the lead agency responsible for conducting response actions (removal and remedial) at
facilities under its control, including the Hanford Site. One of the delegated responsibilities of a lead
agency is to conduct reviews of the status of the response actions no less frequently than once every five
years.

The purpose of a five-year review is to determine whether the remedies at a site are protective of human
health and the environment. The methods, findings, and conclusions of those five-year reviews are
documented in a five-year review report. The five-year review report also identifies issues found during
the review, if any, and identifies actions to address them.

DOE is required to implement five-year reviews in a manner consistent with the CERCLA and the
National Oil and Hazardous Substances Pollution Contingency Plan (NCP) (40 CFR 300). CERCLA
§121(c), as amended, states:

“If the President selects a remedial action that results in any hazardous substances,
pollutants, or contaminants remaining at the site, the President shall review such remedial
action no less often than each five years after the initiation of such remedial action to
assure that human health and the environment are being protected by the remedial action
being implemented.”

The NCP Part 300.430(f)(4)(ii) of the Code of Federal Regulations (CFR) states:

“If a remedial action is selected that results in hazardous substances, pollutants, or
contaminants remaining at the site above levels that allow for unlimited use and
unrestricted exposure, the lead agency shall review such action no less often than every
five years after the initiation of the selected remedial action.”

Purpose of the Five-Year Review
The purpose of this five-year review is to:

1. Evaluate the performance of the selected remedies for CERCLA source and groundwater operable
units that required either active remediation or no action(s) at that time in the 100, 200, 300,
1100 Areas and other areas on the Hanford Site to determine whether they are protective of human
health and the environment.
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2. Verify that immediate threats have been addressed where the operable unit has a remedial action that
is still in the Remedial Action Construction phase or Remedial Action Operation phase or where a
removal action is in progress and that the selected remedy(ies) will be protective when complete.

3. Verify that the selected remedy remains protective where a removal or remedial action site is in the
long-term operation and maintenance phase.

4. Recommend actions to improve performance when the five-year review indicates that a remedy is not
performing as designed.

The five-year review is required by CERCLA 121(c) and NCP (40 CFR 300) because hazardous
substances, pollutants, or contaminants remain and will remain on property above levels that would
otherwise allow for unrestricted use and unrestricted exposure. The statute and regulation triggers the
2005/2006 five-year review, which considers recommendations and findings of the first five-year review,
conducted in 2000 and completed in 2001 (EPA 2001b).

Scope and Objectives of the Five-Year Review

The first five-year review (EPA 2001b) included all portions of the site that have a CERCLA decision
document, e.g., a record of decision (ROD) or in some instances an action memorandum, and where
hazardous substances, pollutants, or contaminants remain. Interim remedial actions were reviewed the
same as other remedial actions for the purposes of the five-year review. The second five-year review has
generally followed the approach taken in the first five-year review and will address those past decisions
made and activities initiated, terminated, or completed in the intervening period.. DOE established
September 30, 2005, as the ending period for the inclusion of newly issued decision documents.

This second five-year review focused on the following general areas consistent with Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) Five-Year Review Guide
(DOE 2002a) and U.S. Environmental Protection Agency (EPA) Comprehensive Five-Year Review
Guidance (EPA 2001a):

1. Evaluate whether the remedy is operational and functional by evaluating those parameters that the
Tri-Party agencies established as appropriate indicators of performance via records of decision and
action memoranda, i.e., performance assessment of the remedy for completed actions, ongoing long-
term remedial actions, and interim remedial actions.

2. Evaluate those assumptions critical to the effectiveness of remedial measures or the protection of
human health and the environment for the remedial decisions to determine, given the current
information, whether these assumptions are still valid. Three critical assumptions include the
following: a) assumptions regarding the future land use and associated exposure pathways;

b) assumptions regarding site conditions such as degree to which remedy performance is based on the
original assumption(s); and ¢) assumptions regarding contaminant toxicity.

3. Evaluate whether corrective measures are required to address any identified deficiencies.

4. Evaluate whether there are opportunities to optimize the long-term performance of the remedy or
reduce life-cycle costs such as expediting attainment of remedial objectives, transitioning response
phases, and scaling back monitoring,
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In determining the protectiveness of the remedies, DOE Richland Operations Office (RL) considered the
following three questions:

1. Is the remedy functioning as intended by the decision document?

2. Are the exposure assumptions, toxicity data, cleanup levels, and remedial action objectives used at the
time of remedy selection still valid?

3. Has any other information come to light that could call into question the protectiveness of the
remedy?

Five-Year Review Process

The review process for source and groundwater remediation operable units included the following
activities:

Data Gathering and Review. The first step in the review process for producing the second CERCLA
five-year review was to gather the documentation needed to perform the review. For operable units with
active removal or remedial actions, these documents included the action memorandum, ROD, any
subsequent ROD amendments or explanations of significant difference, and remedial design or remedial
action work plans. These documents provide the performance and operational requirements on which
removal or remedial action performance is judged. In addition to the performance related documentation,
a second set of compliance documentation is also gathered and reviewed. These documents include waste
management plans, sampling and analysis plans, and other related monitoring information needed to
assess compliance of the ongoing removal or remedial action. Finally, findings, recommendations, and
action items from the first CERCLA five-year review (EPA 2001b) were also gathered as part of the
initial review since these issues may constitute additional requirements above and beyond those in the
performance and compliance documents.

Once the requirement-related documents were gathered and reviewed, the next step was to compile and
review the performance and compliance documentation. Together, these documents and reports provided
the technical basis for performing the review.

Site Visits and Field Evaluation. Representatives from DOE, EPA and/or Washington State Department
of Ecology (Ecology), and DOE contractor staff performed field evaluations as necessary. Because DOE
project and regulatory agency personnel are actively involved in oversight of the cleanup activities, they
are frequently in the field inspecting the DOE contractors” work. As a result of this ongoing activity,
additional special site visits and field evaluations were not conducted. When necessary, field evaluations
were Initiated with the DOE contractor performing the work under consideration to discuss potential
issues identified during the data gathering and review portion. If necessary, a site visit was conducted to
assess the performance and compliance status of the project and develop a preliminary set of issues for
consideration in the second CERCLA five-year review.

Development of Draft Technical Assessment and Recommendations. When necessary, an initial assess-
ment and recommendations to address issues were prepared for review. After review and discussions
within DOE, these draft technical assessments and recommendations were provided to Ecology and EPA
for their review and comment.

CERCLA Five-Year Review Xxvii November 10, 2006



Support for Action Item Discussions. Discussions to address outstanding recommendations or
performance issues were initiated between DOE and the lead regulatory agency. Action items resulting
from these discussions were developed for inclusion into the second CERCLA five-year review report.

Development of the Protectiveness Statements. A review of the operable units included in each National
Priorities List (NPL) site was completed. Using the three questions listed above, the reviews evaluated
the success in implementation of the selected remedies against the remedial action objectives and clean up
criteria established in the records of decision. Once the review of all operable units for each NPL site was
completed, DOE, following EPA guidance and with input from Ecology and EPA, prepared statements on
the protectiveness of the completed and ongoing remedial actions for each of the four Hanford NPL sites
(100, 200, 300, and 1100 Areas). If EPA and DOE are unable to agree on a protectiveness statement for
each NPL site, EPA has the option of preparing its own statement.

Next Review

The Hanford NPL sites are statutory sites that require ongoing five-year reviews. The next review will be
conducted five years after the completion of this five-year review report.

Five-Year Review Background

The Tri-Party Agreement (TPA) (Ecology et al. 1989) allows EPA and Ecology an option to independ-
ently conduct five-year reviews as well. During 2000, EPA exercised this option and conducted the first
CERCLA five-year review of response actions for the Hanford Site. In April 2001, EPA released the
USDOE Hanford Site First Five-Year Review Report (EPA 2001b), which provides the results of its
Teview.

To meet the requirements of CERCLA and EO 12580, the second five-year review was conducted by
DOE. In the first five-year review conducted by EPA in 2000, the performance of the remedies selected
in interim RODs was evaluated, including existing institutional controls in place to prevent exposure to
the public and the environment, and it was concluded that the selected remedies were protective, or would
be protective when the remedial action was completed. For information purposes, the protectiveness
determinations reached by EPA are included in this document. EPA identified some deficiencies and
corrective actions to address the deficiencies. In conducting the 2005/2006 second five-year review, DOE
applied the same approach that EPA used and followed the EPA Comprehensive Five-Year Review
Guidance (EPA 2001a), OSWER Directive 9355.7-03B-P, dated June 2001 and the Department of
Energy Office of Environmental Management Comprehensive Environmental Response, Compensation
and Liability Act (CERCLA) Five-Year Review Guide, dated March 2002 (DOE 2002a).

Hanford Site NPL Listing Background

The DOE Hanford Site was established in 1943 to produce nuclear materials for national defense. The
Hanford Site covers approximately 1,518 square kilometers (586 square miles) adjacent to the city of
Richland in Benton, Franklin, and Grant Counties of Washington State. During the period the site
produced nuclear material to be used in the national defense, many activities resulted in the disposal of
wastes containing hazardous constituents and/or radioactive materials. Consequently, there have been
adverse impacts on the environment that must be addressed and response actions conducted to remediate
the environmental impacts to the extent possible.
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When the Hanford cleanup project was initiated in 1989 with the signing or the Hanford Federal Facility
Agreement and Consent Order (Ecology et al. 1989), known as the Tri-Party Agreement (TPA), efforts
were initiated to fully characterize known and suspected contamination. Early remedial investigation/
feasibility study and Resource, Conservation and Recovery Act (RCRA) facility investigation/corrective
measures study (RFI/CMS) work plans indicated it would require seven to ten years of characterization
before cleanup decisions could be evaluated and determined.

Based on past Hanford Site waste disposal practices and knowledge of spills and releases to the environ-
ment, it was known that there were adverse environmental impacts that might cause the Hanford Site to
qualify to be listed on the CERCLA NPL. This initiated a preliminary assessment/site investigation
process, conducted by DOE. The preliminary assessment/site investigation included a comprehensive
review of historical records including facility operating records, data from groundwater, surface water,
soil and air monitoring and sampling; aerial photographs; interviews with workers; and walking the site to
identify potentially disturbed areas. Using the information gathered, it was determined that the Hanford
Site qualified for inclusion on the NPL and four areas of the site (the 100, 200, 300 and 1100 Areas) were
listed.

The preliminary assessment/site investigation identified that some contaminants posed a potential imme-
diate threat to human health and the environment. As a result, DOE established a “bias for action”
approach to the cleanup. The “bias for action” allowed DOE (with regulatory agency approval) to
conduct removal actions in areas that posed a potential immediate threat to human health and the environ-
ment. The “bias for action” resulted in interim removal actions prior to full characterization of the type,
level, and extent or degree of contamination and prior to development of final CERCLA remedy selection
decision documents (final RODs).

Basis for Interim Actions

Because sufficient information on the severity and extent of contamination was not available to support
final decisions, “interim action” decision documents were developed (RODs for interim actions,
expedited response action approvals, and action memorandums). During interim cleanup actions, samples
are collected and analyzed to evaluate the progress of the action and to enable a more complete under-
standing of the types, levels, and extent of the contamination and more complete remedial actions.

The remedial actions selected addressed the contaminants of greatest concern in the areas where the
environmental threat was known to be highest. As a result cleanup focused for several years in areas that
posed the highest risk to the Columbia River (the “River Corridor™). In particular, the focus has been on
activities intended to protect the Columbia River through contaminant source removal actions and
groundwater pump-and-treat systems designed to remove source contaminants in the soil and ground-
water from reaching the river.

Approximately 1,200 waste management units have been identified within the boundaries of the Hanford
Site. This includes approximately 1,000 past-practice units. Most past-practice units are located in two
general geographic areas as identified by DOE (the 100 and 200 Areas). Other past-practice units are
located in the 300, 1100, and other areas of the Hanford Site.

The 100, 200, 300, and 1100 Areas were identified as aggregate areas for inclusion of the Hanford Site on
the CERCLA NPL. Each of these areas has a unique environmental setting and waste disposal history.
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Units from other areas were assigned to one of the four aggregate areas for the purpose of investigation
and subsequent action. Any future units that may be identified will also be assigned to an aggregate area.

When the Hanford Site was placed on the NPL in 1989, it was divided into four NPL sites: the 100 Area,
200 Area, 300 Area, and 1100 Area. The four areas were proposed for inclusion in the NPL on June 24,
1988, and were placed on the NPL on November 3, 1989. The areas are shown on Figure 1. Each NPL
site was further divided into operable units to simplify the response actions. An operable unit is a
grouping of individual sites based primarily on geographic area or common waste sources; soil and
groundwater contamination are usually addressed in separate operable units (Figures 2 and 3).

The two other areas of the Site that are identified as numbered areas are the 400 Area, where the Fast Flux
Test Facility (FFTF) is located; and the 600 Area, which includes all the portions of the Site that are not
included in the 100, 200, 300, 400, or 1100 Areas. Because no waste sites resulting from release of
CERCLA hazardous were identified in the 400 Area, the 400 Area was not listed on the NPL. Some
waste sites that might have been in the 600 Area were included in the 100, 200, 300, and 1100 Areas
because they were in close proximity to and/or were similar to wastes sites in those areas. Therefore, the
600 Area was not placed on the NPL.

Even though the 400 Area is not an NPL site, the decontamination and demolition of the FFTF is planned
to be conducted as a CERCLA removal action under a joint DOE and EPA 1995 Policy on Decommis-
sioning Department of Energy Facilities under Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA), dated May 22, 1995 (DOE 1995a).

Other areas of the Site, such as the Energy Northwest Columbia Generating Station, the US Ecology
commercial low-level radioactive disposal site, and the National Science Foundation Laser Interferometer
Gravitational-Wave Observatory (LIGO), operated by the California Institute of Technology and the
Massachusetts Institute of Technology are leased to other government organizations by the U.S. Depart-
ment of Energy and are not included in the Hanford CERCLA activities.

In anticipation of the NPL listing, DOE entered into the TPA (Ecology et al. 1989). The TPA establishes
the regulatory guidelines and framework for achieving the cleanup and is a legally binding agreement
among the DOE, EPA, and Ecology. For each operable unit, the TPA designates either EPA or Ecology
as the lead regulatory agency. The DOE is the lead agency for purposes of implementing the require-
ments of the TPA.

The scope of the TPA is broader than this five-year review. The TPA addresses regulated RCRA units, as
well as the clean up of past-practice units required under RCRA and/or CERCLA. However, only oper-
able units listed as past-practice units in the TPA are covered in this five-year review report. Removal of
radiologically contaminated structures, if conducted pursuant to the joint DOE and EPA 1995 Policy on
Decommissioning Department of Energy Facilities under Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) (DOE 1995a), is also included. CERCLA remedial actions
on the canyons are also covered by this report.

Active RCRA treatment, storage, or disposal units, such as the Hanford tank farms, are not part of this
review. Although this five-year review does not include RCRA treatment, storage, and disposal activities,
the Tri-Parties are integrating the closure of inactive treatment storage, and disposal facilities with
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CERCLA waste site cleanup as intended by the TPA. The Tri-Parties are also applying a strategy for
groundwater cleanup that integrates the authorities and requirements of the AEA, CERCLA and RCRA
(DOE 2003e).

The RCRA/CERCLA interface is described explicitly in the TPA. The closure and corrective actions at
some closed or closing RCRA treatment, storage, and disposal units were integrated with the remedial
actions evaluated in this five-year review. The affected operable units (and specific treatment, storage,
and disposal units) include the 100-DR-1 (100-D Ponds unit), 100-HR-1 (183-H solar evaporation basin
unit), 100-NR-1 (1301, 1325, 1324 and 1324-NA units), and the 300-FF-1 (300 Area process trenches
treatment, storage, and disposal unit).

RODs are the decision documents from these processes that identify the selected remedies to address the
identified risks. The five-year review process is meant to validate that the remedies selected in action
memoranda and RODs are expected to be protective when completed, unless the conditions and
assumptions on which the decisions were based have changed significantly.

Table 1 presents a list of RODs, action memoranda, and other CERCLA decision documents that are the
subjects of this second Hanford Site CERCLA five-year review. These are all approved decision
documents that are available in the TPA Administrative Record [http://www2.hanford.gov/arpir].
Consistent with the EPA and DOE guidance, this five-year review included interim remedial actions.

NPL Sites

This report documents the results of the second five-year review that was conducted from June through
November 2005. The four NPL sites on the Hanford Site are shown on the map in Figure 1; the NPL
sites are summarized in the following paragraphs and discussed in greater detail in separate sections of
this report.

100 Areas. The 100 Areas consists of six nuclear reactor areas principally contaminated with radio-
nuclides, metals, and other hazardous substances. There are 22 operable units in the 100 Areas, 17 source
operable units and 5 groundwater operable units. In addition to the immediate reactor areas, there are
outlying waste sites whose contaminants are similar. The primary cleanup actions in progress, or that are
planned, are to remove, treat if necessary, and dispose of contaminated soil, debris, piping, burial
grounds, engineered structures; decontaminate and/or demolish buildings; capture and/or treatment of
contaminated groundwater; and remove spent nuclear fuel and associated waste from water-filled basins
that have a history of leaks. Furthermore, institutional controls are an additional element in many of the
selected remedies.

For the 100 Areas, eight interim RODs have been issued. Based on additional characterization, some of
these RODs have been amended to address other contaminants or areas not originally included.
Explanations of significant difference have been issued for others to explain less significant changes.

Five of the records of decision address soil contamination, one addresses the removal of spent fuel at

K Basins, and the other two address groundwater contamination. Seventeen additional CERCLA decision
documents address demolition of buildings and structures, soil removal, groundwater treatment, landfill
cleanup in the 100 Areas, including ten action memoranda and seven expedited response action approvals.
There have been no final RODs issued for operable units included in the DOE Hanford 100 Area NPL
site.
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Table 1. CERCLA Records of Decision for the Hanford Site

100-FR-1, 100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 100-KR-2, 100-IU-1, 100-IU-6, and 200-CW-3
(EPA 1999d)

Record of Decision - Location Date
100 Area

ROD for 100-BC-1, 100-DR-1, and 100-HR-1 Operable Units — Soil Remediation (EPA 1995a) September 1995
ROD for 100-IU-1, 100-IU-3, 100-IU-4, and 100-IU-5 Operable Unit Remedial Action (EPA 1996b) February 1996
ROD for the 100-HR-3 and 100-KR-4 Operable Unit Interim Remedial Actions — hexavalent April 1996
chromium pump-and-treat system (EPA 1996¢)

Amendment to the ROD for 100-BC-1, 100-DR-1, and 100-HR-1 Operable Units Interim Remedial May 1997
Actions (EPA 1997a)

Interim Action ROD for the 100 Area Remaining Sites: 100-BC-1, 100-BC-100-DR-1, 100-DR-2, July 1999

ROD for the 100-KR-2 Operable Unit K Basins Interim Remedial Action (Also CCN 103091) (EPA
1999¢)

September 1999

Amended ROD for the 100-HR-3 Operable Unit Interim Remedial Action — In situ redox manipulation
(EPA 1999a)

September 1999

Interim Action ROD for the 100-NR-1 and 100-NR-2 Operable Units (EPA 1999¢)

October 1999

Replacement of Table 3 in the Interim ROD for 100-NR-1 and 100-NR-2 (Bond 1999a)

October 1999

Replacement of Appendix B in the Interim ROD for 100-NR-1 and 100-NR-2 (Bond 1999b)

November 1999

ROD for the 100-NR-1 Operable Unit Interim Remedial Actions (EPA 2000¢) January 2000
Explanation of Significance Difference to the Interim Action ROD for the Remaining Sites, 100-IU-6 June 2000
Operable Unit — Addition of the 600-23 and JA Jones #1 waste site (EPA 2000a)

ROD for 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, 100-FR-1, 100-FR-2, 100-HR-2, and 100-KR-2 September 2000
Operable Units (100 Area Burial Grounds) (EPA 2000d)

Explanation of Significant Difference for the 100-HR-3 Operable Unit ROD (EPA 2003a) April 2003
Explanation of Significant Difference for 100-NR-1 Operable Unit Treatment, Storage, and Disposal May 2003
Interim Action ROD and 100-NR-1/100-NR-2 Operable Unit Interim Action ROD (EPA 2003b)

Explanation of Significant Difference to Remaining Sites —adds waste sites, ARARs, and institutional February 2004
controls (EPA 2004b)

Amendment to the Intenm Record of Dec151on for the 100 KR 2 Operable Unit (EPA 2005)

July 2005

Intenm ROD for 200—ZP 1 Operable Umt Pump-and -treat for ca.rbon tetrachlorlde (EPA 19950)

June 1995

Interim ROD for 200-UP-1 Operable Unit— Pump-and-treat for uranium and technetium-99 (EPA February 1997
1997d)
Final Record of Decision for the 221-U Facility (Canyon Disposition Initiative) and September 2005

Responsnveness Summary (DOE et al. 2005)

Fmal ROD for the 300- FF—l a.nd Interim ROD for 300-FF-5 — Removal treatment, momtonng (EPA

July 1996

2004a)

1996d)

Explanation of Significant Difference to the ROD for 300-FF-1 Operable Unit — Site-specific variance January 2000
from Land Disposal Restrictions treatment standard for lead (EPA 2000c)

Explanation of Significant Difference for the 300-FF-5 Operable Unit ROD — Expansion of 300-FF-5 June 2000
scope, increased monitoring and new operation and maintenance plan (EPA 2000b)

ROD for 300-FF-2 Operable Unit Interim Remedial Actions — Removal, treatment, monitoring (EPA April 2001
2001c)

Explanation of Significant Difference to 300-FF-2 Operable Unit ROD — soil cleanup level (EPA May 2004
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Table 1. (contd)

, 1100 Area _
al Action — 1100-EM-1, 2, 3, and 1100-IU-1 Operable Units (EPA

ROD for 1100
1993)

.

|“

ROD for ERDF Remedial Action — Authorizes construction of ERDF (Also CCN 009606) (EPA

September 1993

derived waste at ERDF and use of the ERDF leachate as dust suppression (Also CCN 103092) (EPA
1996a)

January 1995
1995b)
Explanation of Significant Difference for ERDF Remedial Action — Allows disposal of investigation- August 1996

Memo from EPA — Clarification to August 1996 explanation of significant difference (Innis 1997)

December 1997

Amendment to the ROD for ERDF- ERDF expansion; and treatment (stabilization) in containers at October 1997
ERDF (EPA 1997b)
Amendment to the ROD for ERDF — Delisting of ERDF leachate (EPA 1999b) March 1999
Amendment to the ROD for ERDF — ERDF expansion; and establishes use of staging areas at ERDF January 2002
for waste requiring treatment (EPA 2002)

Action Memoranda - Location

100 Area .

Sodium Dichromate Barrel Landfill (Ecology and EPA 1993) March 1993
Sodium Dichromate ERA Removal of Landfill Waste per Action Memo dated March 1993 (Freeberg April 1993
1993)
Riverland Site ERA (EPA and Ecology 1993) June 1993
North Slope ERA Cleanup Plan (Ecology and EPA 1994a) March 1994
N Springs ERA Cleanup Plan (Ecology and EPA 1994b) September 1994
DOE Request to Change N Springs Action Memo (Wisness 1995) February 1995
(Regulator Approval) DOE Request to Change N Springs Action Memo (Stanley and Sherwood 1995) March 1995
ERA Proposal 100-BC-1 Demonstration Project (EPA and Ecology 1995) June 1995

183-H Solar Evaporation Basin Waste ERA Cleanup Plan (DOE 1996a)

November 1996

N Area Waste ERA Cleanup Plan (DOE 1996b)

November 1996

100 NPL Agreement Form, Control Number 110, Action Memo: N Springs ERA Action Cleanup Plan
(Olson 1996)

December 1996

1998)

100 B/C Area Ancillary Facilities and the 108-F Building Removal Action (EPA 1997¢) January 1997
Notice of Change to the Waste Volume Estimates in the N Area Waste ERA Action Memo (Wagoner March 1997
1997)

Clarification to N Springs ERA Plan for the Pump and Treat (Olson 1997) March 1997
100-TU-3 Operable Unit — Wahluke Slope (2,4-D Site) (Ecology and DOE 1997) August 1997
Action Memorandum for 105-F and 105-DR Reactor Buildings and Ancillary Facilities (Ecology et al. July 1998

Inclusion of 105-N Roof Waste in the Future Action Memo for the 100-N Area Ancillary Facilities
(Wanek 1998)

September 1998

Final Waste Volumes for N Area Project and Clarification to the N Area Waste ERA Action Memo
(Bauer 1998)

December 1998

100-N Ancillary Facilities (DOE et al. 1998) January 1999
105-D and 105-H Reactor Facilities and Ancillary Facilities (DOE and Ecology 2000) December 2000
100 Area NPL 105-B Reactor Facility (DOE and EPA 2001) December 2001
183-H Action Memo to move waste from Central Waste Complex (DOE et al. 2003) June 2003
105-N Reactor Building and 100-N Heat Exchange Building Action Memorandum (Ecology 2005) February 2005
Action Memorandum for the Non-Time-Critical Removal Action for the 100-K Ancillary Facilities June 2005
(DOE and EPA 2005b)
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Table 1. (contd)

- s - 200Al’ea ;:tm::—‘;’w .
200 West Area carbon tetrachloride plume (EPA and Ecology 1992) January 1992
Removal Action at 233-S Plutonium Concentration Facility (DOE and EPA 1997) March 1997
224-B Plutonium Concentration Facility (DOE 2004c) June 2004
218-W-4C Waste Retrieval (DOE et al. 2004) May 2004
232-Z Waste Recovery (DOE and EPA 2004) November 2004
Action Memorandum for the Non-Time-Critical Removal Action for the U Plant Ancillary Facilities November 2004
(DOE 2004d)
Action Memorandum for PFP 232-Z facility decontamination and dismantlement to slab-on-grade. November 2004
(DOE and EPA 2004)
CERCLA Non-Time-Critical Removal Action Memorandum for Plutonium Finishing Plant, Above- May 2005
Grade Structures (DOE 2005¢)
Action Memorandum for the Non-Time-Critical Removal Action for the 224-T Plutonium June 2005
Concentration Facility

__ 300Area .

Expedited Response Action for the 618-9 Burial Ground (Remove and dispose of drums containing 1991
uranium-contaminated hexone.)
316-5 Process Trenches (EPA and Ecology 1991) July 1991
331-A Virology Laboratory Building (DOE and EPA 2000) February 2000
300 Area #1 Action Memo (DOE and EPA 2005a) January 2005

DOE = U.S. Department of Energy.

ERA = Expedited response action.

ERDF = Environmental Restoration Disposal Facility.
LDR = Land disposal restrictions.

For the most part, interim actions have been successful in meeting the removal action and interim
remedial action objectives. One hundred twenty (120) of the contaminated soil sites in the 100 Area NPL
site have been remediated to meet the cleanup levels established in the interim RODs. Several removal
actions, primarily building demolition and placing the old reactors in an “interim safe storage” condition
also have been completed in the 100 Areas since the last five-year review. Some of the groundwater
interim actions are also meeting the remedial action objectives established in the interim RODs. Noted
exceptions are the strontium-90 plume at 100-N Area, and the chromium plume at 100-D and 100-H
Areas. There are also other groundwater contaminant plumes that have not yet been addressed but will
be addressed by the final remedy selected through the remedial investigation/feasibility study process

documented in future RODs.

The source removal actions to remediate areas of contaminated soil through the remove, treat, and dispose
remedy have been designed to be consistent with final cleanup actions, including ARARs. It is also
anticipated that the residual human health and environmental risks for these areas will achieve the
required risk levels when the remediation is completed. For these areas, DOE believes it is appropriate to
state that the selected interim remedy is protective or will be when completed. However, if upon
completion of the River Corridor Baseline Risk Assessment it is clear that the residual risk from these
areas is not acceptable, the need for additional remediation will be addressed in the final RODs and

evaluated and addressed in future five-year reviews.

The groundwater interim remediation actions in the 100 Areas are not designed to be removal actions.
They are designed as interim measures to keep selected principle threat contaminants from reaching the
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river. The existing pump-and-treat systems for chromium will likely be a part of an expanded remedial
action designed to restore the aquifer and meet ambient water quality standards where aquatic life is
exposed. Consequently, the protectiveness of the selected remedies for groundwater remediation cannot
be assessed through the same logic. While the selected pump-and-treat remedy at 100-H Area may be
achieving the interim remedial action objectives, it is not necessarily protective in the broader context
because the system does not cover the entire breadth of the contaminant plumes in 100-D and 100-H
Areas. There are also other contaminants that may contribute to human health and environmental risk
that are not being addressed by the existing systems and will be addressed by the final remedy selected
through the remedial investigation/feasibility study process.

The pump-and-treat system for strontium-90 at 100-N Area was ineffective at reducing the flux of
strontium-90 to the Columbia River and is determined to not be protective. DOE has initiated application
of an apatite sequestration test that is expected to have a more immediate and greater impact on the flux
of strontium-90. However, because the test barrier has not yet been constructed, the benefit cannot be
demonstrated in this review; therefore, the protectiveness statement is deferred. '

With the (a) completion of the River Corridor Baseline Risk Assessment, (b) expansion of the pump-and-
treat technology with potential application of supporting technologies to cover the plumes more
thoroughly, and (c) development of better data on performance of the pump-and-treat and apatite
sequestration technologies, the remedies selected in the final RODs for the 100 Areas operable units will
more completely address the human health and environmental risks. The protectiveness of those
remedies will be evaluated in future five-year reviews.

200 Areas. The 200 Areas of the Hanford Site were used for chemical processing and for waste manage-
ment. These activities generated radioactive, hazardous, and mixed waste that was disposed of into the
soil column and resulted in large amounts of contaminated soil and groundwater in the 200 Areas. This
five-year review focuses on the inactive soil disposal area, inactive facilities, contaminated groundwater,
and the Environmental Restoration Disposal Facility (ERDF). Ongoing waste management activities,
active treatment, storage, or disposal facilities, and tank farm operations are not included in this review.

The 200 Areas are divided into 24 Soil (Source) Operable Units. These units contain approximately

900 soil waste sites and associated structures, as well as numerous facilities requiring decontamination
and decommissioning. In addition to the 24 soil (source) operable unit groupings, the 200 Area NPL site
contains four groundwater operable units, two of which (200-ZP-1 and 200-UP-1) are in 200 West Area
and two of which (200-BP-5 and 200-PO-1) are in 200 East Area.

The 24 soil (source) operable units are in various ongoing stages of the remedial investigation/feasibility
study process. To date, only one of the soil (source) operable units in the 200 NPL site has an associated
formal CERCLA interim action ROD where a remedy has been selected: the 200-CW-3, 200 North Area
Operable Unit that was included in the 1999 100 Area Remaining Sites Interim Action (EPA 1999d). In
addition, two action memos have been issued for nine facilities and waste sites in the 200 Areas as listed
in Table 1. Action memos are the decision documents used for CERCLA removal actions as specified in
40 CFR 300.415.

For operable units in the DOE Hanford 200 Area NPL site, there are four RODs: two RODs for interim
action address groundwater contaminants and two final RODs, the ERDF and contaminated soil removal
at the 221-U facility have been issued. Nine action memoranda have been issued for removal actions.
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The ERDF operations have been exemplary, and the facility is being successfully utilized to dispose of
waste from all Hanford CERCLA activities. Canyon Disposition Initiative remedial actions under the
221-U ROD (DOE et al. 2005) are just beginning and are not covered in this five-year review. The
removal actions that have been done to date under action memoranda, such as removal of the 232-Z
facility, have been very successful.

Review of the 200-ZP-1 Groundwater Operable Unit and the 200-PW-1 Plutonium/Organic-Rich Process
Condensate/Process Waste Group (originally designated as “200-ZP-2") Source Operable Unit, both of
which represent the major carbon tetrachloride contamination problem on Hanford’s Central Plateau,
revealed several areas of concern that are being addressed through the ongoing remedial investigation/
feasibility study process that will result in the identification of remedies necessary to ensure protection of
human health and the environment. Soil-vapor extraction has been used to remove carbon tetrachloride
from the soil for the past thirteen years. Vapor extraction has been a highly successful remedial action,
removing more than 77,000 kilograms (169,000 pounds) of carbon tetrachloride. However, during the
past three years, removal efficiency has dropped significantly and less carbon tetrachloride has been
removed during this period.

300 Area. The 300 Area consists of three operable units: 300-FF-1, 300-FF-2, and 300-FF-5 Operable
Units. The 300-FF-1 and 300-FF-2 Operable Units contain contaminated soil, debris, and burial grounds
associated with 300 Area operations. The CERCLA decision documents for the 300 Area include a final
ROD for contaminated soil remediation in 300-FF-1 operable unit; a ROD for interim action for contam-
inated soil remediation in 300-FF-2 Operable Unit; a ROD for interim action for groundwater remediation
in the 300-FF-05 Operable Unit; an expedited response action approval; and three action memoranda.
The primary cleanup actions in progress, or that are planned to be performed, are to remove, treat if
necessary, and dispose of contaminated soil, debris, piping, burial grounds, engineered structures; and
decontamination and/or demolition of buildings. The contaminated soil remedial action under the final
ROD met all of the remedial action objectives. Work under the ROD for interim action is still in
progress. The 300-FF-5 Operable Unit includes groundwater in the entire 300 Area. The selected
remedial action for the groundwater is natural attenuation and continued monitoring. However, this
action has not achieved the cleanup goal. Additional evaluations of future actions are in progress and are
discussed in succeeding sections of this document.

1100 Area. The 1100 Area contains four operable units: 1100-EM-1, 1100-EM-2, 1100-EM-3, and
1100-IU-1. The 1100 Area was deleted from NPL in 1996. The Horn Rapids Landfill (1100-EM-1) was
used for asbestos disposal and was closed in accordance with the asbestos regulations; institutional
controls are in place to maintain a fence at the landfill, maintain the existing cap, and prevent the use of
contaminated groundwater under the landfill. The groundwater is contaminated with trichloroethene, and
natural attenuation was the remedy.

Additional sampling performed at the Horseshoe Landfill (1100-IU-1) between 1998 and 2003 detected
residual dichlorodiphenyl trichloroethane (DDT) in the soil in portions of the landfill above the cleanup
level for DDT (1 ppm) after performance of the initial remedial action. EPA issued a memo-to-file in
May 2005 to document non-significant changes to the 1100 Area ROD (EPA 1993) to allow removal of
the DDT contaminated soil. Based on ecological protection, a DDT cleanup level of 0.75 ppm was
selected to be protective. Additional cleanup actions have taken place to achieve the cleanup goals and
standards.
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1.0 100 Area

1.1 Introduction

The 100 Area is the north portion of the Hanford Site. The portion north and east of the river is the North
(or Wahluke) Slope, which contained contaminants remaining from anti-aircraft missile bases. This
portion of the 100 Area was deleted from the National Priorities List (NPL) in 1998. The portion south
and west of the river is the site of six reactor areas (100-B/C, 100-D/DR, 100-F, 100-H, 100-K East/
K-West, and 100-N Areas) and numerous other waste sites primarily associated with Hanford Site
construction. It encompasses approximately 67.4 square kilometers (26 square miles)and directly
adjacent to the Columbia River. The locations of the 100 Areas along the Columbia River are shown in
Figure 1.1.

Nine nuclear reactors were constructed in the six reactor areas (two each at 100-B/C, 100-D/DR, and
100-K East/K-West). The first eight reactors were constructed between 1944 and 1955 and used
Columbia River water in a single-pass process for cooling. Water was then discharged back to the river
or to onshore liquid waste disposal sites. The discharged cooling water contained radioactive materials
and hazardous waste constituents. Onshore discharge of this liquid waste created contaminated soil
(source) sites and groundwater.

The 100-N Reactor differed from the other eight reactors, in that it had the dual purpose of producing
electricity and special nuclear material. The process of using the heat for electricity generation eliminated
the need for large volumes of cooling water to be discharged to the Columbia River. Water was recircu-
lated through the reactor to produce superheated steam in a primary closed loop system. A secondary
system produced steam that was recirculated through the turbine generator. Cooling water from the
Columbia River was circulated through a tertiary system and did not come into contact with radioactive
materials. The primary and secondary loop systems were fed via a feed-and-bleed process. This process
caused the recirculation water to accumulate much higher concentrations of radionuclides than the other
100 Area reactors, so the soil that received the discharges from the feed-and-bleed system had higher
concentrations of contaminants than the liquid waste soil sites in the other 100 Areas. The 100-NR-1
Operable Unit is also different from the other operable units because it has soil sites that are contaminated
with petroleum and sites contaminated with both petroleum and hazardous substances.

Other contamination and cleanup needs in the 100 Area include contaminated structures such as
buildings, buried pipelines, buried and exposed disposal cribs, and trenches. Spent nuclear fuel from the
reactors in the 100 Areas was previously stored in two water-filled basins in the 100-K Area. Most of the
spent fuel has been removed and remedial actions are ongoing to complete the cleanout of the basins and
ultimate demolition of the basins.

The contaminated groundwater in the 100 Areas reactor sites has been grouped into five operable units,
specifically 100-HR-3 (100-D/DR and 100-H reactor sites), 100-KR-4, 100-NR-2 100-BC-5 (includes
100-B and 100-C reactor sites), and 100-FR-3. The 200-BP-5 Operable Unit extends into the southern
portion of the 100 Area, but is discussed in the 200 Area section of this five-year review. The annual
Hanford Site groundwater monitoring report (e.g., Hartman et al. 2005) provides detailed information for
all groundwater monitoring.

CERCLA Five-Year Review 1.1 November 10, 2006



seary 00T 'T°'T dIn3iy

S
&
= B I I I =
. -.Hum;xﬂh@@ “_ L * __ B
3 s by b bz by R [ \|\.:=}==U=2=¥=// ﬁz\vrro(_zsua_l m
£ | 3
E CwRgung whp uing i A F Z
! s ﬁtm&
! _ KN A g _
m 4 |
- ¢ _
W N wiy
A 19 0T
i
rengpang A/
£k D
HIkoH !
2| Aoy yo—cos-
wony Buwod ) pajay .
N @I mgpnpy A
TEING® \ : N "
—

ealy (01
paojueE] OASN

CERCLA Five-Year Review




Contaminated waste sites and buildings are grouped geographically into 17 soil (source) operable units:
100-BC-1, 100-BC-2, 100-KR-1, 100-KR-2, 100-NR-1, 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2,
100-FR-1, 100-FR-2, 100-IU-1, 100-IU-2, 100-IU-3, 100-IU-4, 100-IU-5, and 100-IU-6. These source
operable units contain about 400 waste sites, each of which can be categorized as containing one of four
different types of contamination: contaminated soil, structures, debris, or burial grounds.

The waste sites are undergoing similar remedial actions with similar remedial action objectives and
cleanup standards. Currently, the 100 and 300 Areas deep vadose contamination is considered to be part
of the soil operable units. The 100 and 300 Area operable unit soil records of decision include a remedial
action objective to protect the underlying groundwater from further seepage of percolating water through
contaminants below the depth of excavation in the soil column that would result in exceeding ground-
water drinking water standards. The 100-N Area ROD was modified through an explanation of signifi-
cant difference to reflect this unique situation. It is also currently understood that deep vadose zone
uranium sources that are periodically rewetted by rising groundwater levels in response to river stage is
impacting the 300 Area groundwater. The limited field investigation and treatability test are designed to
address this situation. It is also recognized that deep sources of chromium exist in the 100 Areas that
appear to be a continuing source of groundwater contamination during high river stage.

This five-year review discusses cleanup progress based on the types of remedial actions required. In this
review, the 22 operable units in the 100 Areas are identified and described (Table 1.1), the decision
documents (Tables 1.2 and 1.3) are discussed, and the decision documents relevant to each type of
remedial action are identified in the discussion of each type of remedial action. With the exception of
operable units that are designated isolated units, the 100 Area operable units are associated with the
reactor areas. The following sections discuss the remedial decisions, progress, technical assessments, and
recommendations by area and by groundwater operable unit in this second five-year review.
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Table 1.1. 100 Area Operable Units

Operable Unit Brief Description
100-BC-1 Soil, Buildings, and Burial Grounds in the 100-BC Reactor Area
100-BC-2 Soil, Buildings, and Burial Grounds in the 100-BC Reactor Area
100-BC-5 Groundwater under the 100-BC Area
100-KR-1 Principally Soil Sites Contaminated by Liquid Discharges
100-KR-2 Soil, Buildings, and Burial Grounds in the 100-K Reactor Area
100-KR-4 Groundwater under the 100-K Area
100-NR-1 Soil, Buildings, and Burial Grounds in the 100-N Reactor Area
100-NR-2 Groundwater under the 100-N Area and the Shoreline Site
100-DR-1 Soil, Buildings, and Burial Grounds in the 100-D Reactor Area
100-DR-2 Soil, Buildings, and Burial Grounds in the 100-D Reactor Area
100-HR-1 Soil, Buildings, and Burial Grounds in the 100-H Reactor Area
100-HR-2 Soil, Buildings, and Burial Grounds in the 100-H Reactor Area
100-HR-3 Groundwater under and between the 100-D/DR and 100-H Reactor Areas
100-FR-1 Principally Soil Sites Contaminated by Liquid Discharges
100-FR-2 Soil, Buildings, and Burial Grounds in the 100-F Reactor Area
100-FR-3 Groundwater under the 100-F Reactor Area
100-1U-1 Riverland Railroad Wash Station
100-IU-2 White Bluffs Town Site Area
100-1U-3 North Slope (also known as Wahluke Slope)
100-TU-4 Buried Sodium Dichromate Drums
100-IU-5 Pickling Acid Cribs
100-IU-6 Hanford Town Site Area
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Table 1.2. 100 Area Records of Decision Document Chronology

100 Areas Record of Decision — Location

Date

ROD for 100-BC-1, 100-DR-1, and 100-HR-1 Operable Units — Soil Remediation (EPA
1995a)

September 1995

ROD for 100-IU-1, 100-IU-3, 100-IU-4, and 100-IU-5 Operable Units (EPA 1996b) February 1996
Interim ROD for the 100-HR-3 and 100-KR-4 — Hexavalent chromium pump-and-treat® April 1996
(EPA 1996¢) P
Amended ROD for 100-BC-1, 100-DR-1, and 100-HR-1 Operable Units (EPA 1997a) May 1997
Interim ROD for the 100 Area remaining sites: 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, July 1999
100-FR-1, 100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 100-KR-2, 100-IU-1, 100-IU-6, and

200-CW-3 (EPA 1999d)

Interim ROD for the 100-KR-2 Operable Unit — K Basins (Also CCN 103091) ((EPA 1999c) September 1999
Amended ROD for the 100-HR-3 Operable Unit — In situ redox manipulation” (EPA 1999a) | September 1999
Interim ROD for the 100-NR-1 and 100-NR-2 Operable Units® (EPA 1999¢) October 1999

Replacement of Table 3 in the Interim ROD for 100-NR-1 and 100-NR-2 (Bond 1999a)

October 1999

Replacement of Appendix B in the Interim ROD for 100-NR-1 and 100-NR-2 (Bond 1999b)

November 1999

Interim ROD for the 100-NR-1 Operable Unit (EPA 2000¢) January 2000
Explanation of significant difference to the remaining sites ROD for the 100-IU-6 Operable June 2000
Unit — Addition of the 600-23 and JA Jones #1 waste site. (EPA 2000a)

ROD for 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, 100-HR-2, 100-FR-2, and 100-KR-2 September 2000
100 Area burial grounds (EPA 2000d)

Explanation of significant difference for the 100-HR-3 Operable Unit ROD April 2004 April 2003
(EPA 2003a)

Explanation of significant difference for 100-NR-1 Operable Unit treatment, storage, and May 2003
disposal interim action ROD and 100-NR-1/ 100-NR-2 Operable Unit interim action ROD

(EPA 2003b)

Explanation of significant difference to remaining sites — adds waste sites, ARARs, and February 2004
institutional controls (EPA 2004b)

Amendment to the Interim Record of Decision for the 100-KR-2 Operable Unit (EPA 2005) July 2005

(a) Indicates groundwater operable unit-related decisions reviewed within this report.
ARAR = Applicable or relevant and appropriate requirement.

ROD = Record of decision.
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Table 1.3. 100 Area Action Memoranda Document Chronology

100 Areas Action Memoranda — Location Date

Sodium Dichromate Barrel Landfill (Ecology and EPA 1993) March 1993
Sodium Dichromate ERA Removal of Landfill Waste per Action Memo dated March April 1993
1993 (Freeberg 1993)

Riverland Site ERA (EPA and Ecology 1993) June 1993
North Slope ERA Cleanup Plan (Ecology and EPA 1994a) March 1994
N Springs ERA Cleanup Plan (Ecology and EPA 1994b) September 1994
DOE Request to Change N Springs Action Memo (Wisness 1995) February 1995
(Regulator Approval) DOE Request to Change N Springs Action Memo (Stanley and March 1995
Sherwood 1995)

ERA Proposal 100-BC-1 Demonstration Project (EPA and Ecology 1995) June 1995

183-H Solar Evaporation Basin Waste ERA Cleanup Plan (DOE 1996a)

November 1996

N Area Waste ERA Cleanup Plan (DOE 1996b)

November 1996

(Ecology et al. 1998)

100 NPL Agreement Form, Control Number 110, Action Memo: N Springs ERA Action December 1996
Cleanup Plan (Olson 1996)

100 B/C Area Ancillary Facilities and the 108-F Building Removal Action (EPA 1997c¢) January 1997
Notice of Change to the Waste Volume Estimates in the N Area Waste ERA Action March 1997
Memo Wagoner 1997)

Clarification to N Springs ERA Plan for the Pump-and-Treat (Olson 1997) March 1997
100-TU-3 Operable Unit — Wahluke Slope (2,4-D Site) (Ecology and DOE 1997) August 1997
Action Memorandum for 105-F and 105-DR Reactor Buildings and Ancillary Facilities July 1998

Inclusion of 105-N Roof Waste in the Future Action Memo for the 100-N Area Ancillary
Facilities (Wanek 1998)

September 1998

Final Waste Volumes for N Area Project and Clarification to the N Area Waste ERA
Action Memo (Bauer 1998)

December 1998

Facilities (DOE and EPA 2005b)

100-N Ancillary Facilities (DOE et al. 1998) January 1999
105-D and 105-H Reactor Facilities and Ancillary Facilities (DOE and Ecology 2000) December 2000
100 Area NPL 105-B Reactor Facility (DOE and EPA 2001) December 2001
183-H Action Memo to move waste from Central Waste Complex (DOE et al. 2003) June 2003
105-N Reactor Building and 100-N Heat Exchange Building Action Memorandum February 2005
(Ecology 2005)

Action Memorandum for the Non-Time-Critical Removal Action for the 100-K Ancillary June 2005

ERA = Expedited response action.
NPL = National Priorities List.
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1.2 Chronology

A list of the CERCLA decision documents for the 100 Areas is included in Tables 1.2 and 1.3. The
documents included in this five-year review are noted in these tables.

1.3 Background

100-BC Area. The B Reactor was constructed in 1943 and operated from 1944 through 1968. The

B Reactor building is presently being considered for being transitioned into a museum by the National
Park Service. The C Reactor was constructed in 1951 and operated from 1952 until 1969. Currently, the
only active facilities in the 100-BC-1 and 100-BC-2 Operable Units are those used as part of the ongoing
remedial actions, such as field office trailers, and the facilities that extract and treat water from the
Columbia River and transport that water to other 100 Area and 200 Area facilities. The 100-BC-1 and
100-BC-2 Operable Units, which are located in the 100-B/C Area, include contaminant sources, while the
100-BC-5 Operable Unit located in that area includes contamination present in the underlying ground-
water. Figure 1.2 shows a map of the 100-B/C Area and the associated operable units.

100-K Area. The KW Reactor operated from 1955 to 1970, and the KE Reactor operated from 1955 to
1971. The 100-KR-1 and 100-KR-2 Source Operable Units, which are located in the 100-K Area, include
contaminant sources, while the 100-KR-4 Groundwater Operable Unit located in that area includes
contamination in the underlying groundwater. Currently, there are several active facilities within the
100-K Area, including the 105-KE and 105-KW fuel storage basins. Figure 1.3 shows a map of the
100-K Areas and the associated operable units.

100-N Area. The N Reactor operated from 1963 until 1987. In 1991, the final decision to retire the

N Reactor from service was issued. The 100-NR-1 Operable Unit, which is located in the 100-N Area,
includes contaminant sources, while the 100-NR-2 Operable Unit located in that area includes contam-
ination present in the underlying groundwater. Figure 1.4 shows a map of the 100 N Area and the
associated operable units.

100-D/DR Area. The 100-D/DR Area contains two reactors: the D Reactor associated with the
100-DR-1 Operable Unit, and the DR Reactor associated with the 100-DR-2 Operable Unit. The

D Reactor operated from 1944 to 1967. The DR Reactor operated from 1950 to 1964. 100-DR-1 and
100-DR-2 are source operable units in the 100-D Area; 100-HR-3 is the groundwater operable unit for the
100-D/DR and 100-H Areas. Figure 1.5 shows a map of the 100-D/DR Area and the associated operable
units.

100-H Area. The H Reactor complex was constructed after World War II. The H Reactor operated from
1949 to 1965. Currently, there are no active facilities, operations, or liquid discharges within the 100-H
Area. The 100-HR-1 and 100-HR-2 Source Operable Units, which are located in the 100-H Area, include
contaminant sources, while the 100-HR-3 Groundwater Operable Unit located in that area includes the
contamination present in the underlying groundwater. Figure 1.6 shows a map of the 100-H Area and the
associated operable units.

100-F Area. The F Reactor was constructed from 1943 to 1945 and operated from 1945 to 1965. Most
of the facilities associated with F Reactor, other than the biological research facilities, were also retired in

CERCLA Five-Year Review 1.8 November 10, 2006




W4B000 N

UTS00N

| A 61110 HE

570000 £ S70800 E

|84}

100K: Operable Units

US DEPARTMENT OF ENERGY
RIECHEANDOPERATIONS OFFKE
HANFORD ENVIRONMENT AL RESTOR ATION PROGRAM

BECHTEL HANFORD, DN

ERCjre OGD2/97 atas ouam v A Dutabase: 19 MAY 1998

—— P N——
' REHLAND. W ASHINGTON
b S . el M Ne 22192 > et Wanine D - ACORI3R 12367
\ ’ AML - - Sernce Fibe 0w 1, Dew 19NAY 199
7/ Operable Unit Popetion Lamshen Conommal Conic
” C ovednatc e Wanbenptom Statc Manc. South /o
P nr IS —— Nertth Amscrcam Distus, 1963 (N ARG
* Groundwater Vomial Dunam  North Amcncan \ enical Demam, 1985 (\ A\ SN}
4 L st i ki i
" Operable Umt g and c dats e cd bn e Eavam Dt
& Ciroup of the | p——
e Shbirash o /o s o il e Al 2 i g e Sy O . st S sl . e it o o 100177400

CERCLA Five-Year Review

Figure 1.3. 100-K Operable Units

1.9

November 10, 2006



570400 E 570800 € 571200 € §71800 € $72000 572400
1f\
s ~
o1 A\_
150800 N 73 s
¢ ~
- ~\~
~-\ \‘
-\‘ \~
e Wy
‘\- \.
‘.\ \\
.\- \'.
N ~
.\~ \‘
~
ST
150400 N Tos.
. ~ad
1
.
!
’
I
1
)
]
.
150000 N 1
-
I
]
|
i
I
=3 100-NR-1 :
49600 N 7~ .
.7 ~ -
s J I
v £ .
\
g ) R !
T W kS ;
= e ~ i
— 0 = i .
H & : ! i
/ £ 1 /
- ,:I <% ; l‘
. w
- ny ; .
18200 N 7 4 3 !
‘J 1 I
W \ 7
0 .
- % g
red i !
' k
& L
. . 1
i . 100-NR-2 ‘\ 4
-
H
F3
Ao Shani i My 100N: O Uni U.S DEPARTMENT OF ENERGY
v : Operable Units RICHEANDOFERATIONS OFTCE
. HANFURD ENVIROAAENTAL RESTORATION FROGRAM
3 - 2 = b - e 2 by = o ) BECHTEL HANFORD. INC .
Sm—— S '—"" RICHLAND. WASHINGTON E
- oo moon . Bkt b S 22192 LR ot et D ACOG SSIL 12867 5
- - ML - P — Do 19AIAY 1998 i
/ :
’ J Prostion - Lambert ¢ cnfomal i
’ Opcrabic Unit Crmnlimate System Wandumgson Ststc Manc \-:';_ B
[y -\ r T o sonusl Datum Nowth Amcnican D, 1951 (NADE3)
=S Iy /s Groundwater Vertical Datm _ Newth American Vortical Detuen, 1985 (NAVDES)
N / V' Operable Unit Squtial and aneibutc dats ane mambned by the Emvimnmental Data | £
Cwoup of th | ontra i
P Ty ] ——p———p——p— =

T i A PV RS o PR S —

Figure 1.4. 100-N Area Operable Units

CERCLA Five-Year Review 1.10

November 10, 2006




wun dqeredQ eary YA/A-001 “S'Y 243y

\O
(=}
(=}
(o]
=3
e L1 (003 52 89 W ) e Gy T30 0 8 SO0 S W 3 1)t e gy gy | ang 40 Wy T, PR R e g o wmbn g A | A 6LLI0-HE —
] =
“, wMﬁ ) = ' AHO ANV H m
L 3
x .
. uooaL uo — m \.\ M
m e N . \c
i w008 WOOF WOOE WOOZ WOOL WO _ \.
ol .
Cling, /  Noosost
m
unos ~\
m /
o -\-
w . e e e e y
1 i ’
! ) i
1 2-Ha-001 i s
i m y
i : / NOOOLSL
. w _ \.
_ I of
| i I
i . e
. ! -
_ I /
| 2 2 —
HH- ! | i
wnaedy A/ E-HH-001 i e S g i i e S i | 2 L
DEapunan / & _ | . 7 —
‘ 0] . .
an 7 ' 1 ! =4 NOOSISL
win oqeado /N Vot e |~ Se= 8 o , i -
TR S 4 ' J . .
‘ ) | BT 1] | 56
. y r S
. ! Lo
] = = %Y
i ¥
i “u\
i 1-HO-001 g
i 2
v a N 00023
i \\ '
1 \.\.
| &* W
' “ (]
I K .-
. R4 >
1 o4 9
-
' P o
. R
e i =
/ (]
P No0szsi >
R4 1
7’ (5]
2 2
X (e
-1
! 5
syun ajqeradg e { O
3 0osts 3008¥28 3000¥2 3008648 3000€L8 3008218 300028 3008118
AAA00T n z
®]




s
*~677000 € 577500 £ 578000 £ 578500 £ 570000 £
~
-~
\Q
Ny
\.
13
R
| =
i S
1538500 N i "N
. \ \
]
. NN
. i
i 0N
3 : S,
. 1 e )
I H s
' 1 e
1 . N
. I N
I 4 e
153000 N | ! )<\
' I 100-HR-1 T
I i -
i - %,
i ; 4
. ] N\
. I N
) i N
I ; N
'
! i e ™
' .. .
152500 N g : i, Ny
. M - N5
1 - i q\\l
T e P — a\\‘
I AN
1 \‘\\
| X
i Y
2 . NS
1 \\
s 152000 N .
2 2 100-HR-2 e
= 3 .t
H ' 5
. 4 s
= i LY
i 3
om0 e e i e s e i)
(%3
\
\
S
151500 N \
.
L}
.
\
-
Py
100-HR-3 e
5 s
3 \
H .
1
1510008 9
\
\
\
\
\
.
‘n
\
1
150500 N ;
\
\
\ H
................... e e L EH
............. i
Ares Shown o Moy . US DEPARTMENT OF ENERGY i
100H: Operable Units RICHLAND OPERATIONS OFPCY i
- TUONFORD ENVIROAMENT AL RESTORATION PROGRAM
Ow  100m 0w 00w 400w GO0w SO0w 700w  S0OW i <
— BECHTEL HANFORD: INC
e Ea "' 3 RICHLAND, WASHINGTON _E
- e -~ : bt 2219 (% ot e DE ACOS 9L 12067 | §
7 ¢ W - ) T 19AIAY 199 :
oo Operable U Projes Lambre Comfomal Conic 3
/ \A/ le Unit \.-.4:\: Syslem \\mu:-.luk s-:r_ g
o . L. Hon contal [atuem Nowth Amcncas Dasem, 1983 (NADEY)
= 4\, Groundwater Vet Datn - Nerth Amcrcan Verical Danam, 1988 AVDRY) | 3
= 7/ Vv Operable Unit Sputial nd ssibuctc dats arc mintmned by the Emvionmental Dot | £
G of the | p———— ¥
v e o A o T ! e S v Gt g i T S T v vt e O el o G mp—— ] g 7 N T =

Figure 1.6. 100-H Area Operable Units

CERCLA Five-Year Review

| i/

November 10, 2006



1965. The 100-FR-1 and 100-FR-2 Source Operable Units, which are located in the 100-F Area, include
contaminant sources, while the 100-FR-3 Groundwater Operable Unit located in that area includes the
contamination in the underlying groundwater. Figure 1.7 shows a map of the 100-F Area and the
associated operable units.

1.4 Remedial Actions

The following paragraphs summarize the RODs and other CERCLA decision documents for the removal
and/or remedial actions that have been or are being completed in the 100 Areas. Following these

sections, the remedies that have been, or will be, implemented are discussed. Any remedy implemen-
tation issues are included along with actions to address the identified issues. An evaluation of whether the
selected remedy is, or will be, protective when the remedy is completed is included. All 100 Area RODs
listed below are for interim actions.

14.1 Hanford 100 Area Decision Documents
Table 1.4 lists the remedial action objectives for the 100 Area Source Operable Units.

Table 1.4. Source Operable Unit Remedial Action Objectives

Item Description
Remedial Protect human and ecological receptors from exposure to contaminants in soil, structures, and
Action debris by dermal exposure, inhalation, or ingestion of radionuclides, inorganics, or organics.

Objective 1 | Protection will be achieved by reducing concentration of, or limiting exposure pathways to,
contaminants in the upper 4.6 m (15 ft) of the soil exposure scenario. The levels of reduction will
be such that the total dose for radionuclides does not exceed 15 mrem/yr above Hanford Site
background for 1,000 years following remediation and Washington State Model Toxics Control
Act Method B levels for inorganics and organics.

Remedial Control the sources of groundwater contamination to minimize the impacts to groundwater
Action resources, protect the Columbia River from further adverse impacts, and reduce the degree of
Objective 2 | groundwater clean up that may be required under future actions. Protection will be such that
contaminants remaining in the soil after remediation do not result in an adverse impact to ground-
water that could exceed maximum contaminant levels and non-zero maximum contaminant level
goals under the Safe Drinking Water Act. The Safe Drinking Water Act maximum contaminant
level for radionuclides will be attained at a designated point of compliance beneath or adjacent to
the waste site in groundwater. The location and measurement of the point of compliance will be
defined by EPA and Ecology. Monitoring for compliance will be performed at the defined point.

Protection of the Columbia River from adverse impacts so contaminants remaining in the soil after
remediation do not result in an impact to groundwater and, therefore, the Columbia River, that
could exceed the ambient water quality criteria under the Clean Water Act for protection of fish.
Since there are no ambient water quality criteria for radionuclides, maximum contaminant levels
will be used. The protection of receptors (aquatic species, with emphasis on salmon) in surface
waters will be achieved by reducing or eliminating further contaminant loadings to groundwater so
receptors at the point of groundwater discharge in the Columbia River are not subject to additional
adverse risks. Measurement of compliance will be at a near-shore well, in the downgradient

plume. The location and measurement will be defined by EPA and Ecology.
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The implementation of the selected remedy to meet the remedial action objectives listed in Table 1.4
generally includes the following steps:

1. Remove c‘ontaminated soil, structures, and debris from 100 Area source waste sites using the
“observational approach.” The observational approach uses analytical screening during remediation
to guide the extent of excavation. Remediation proceeds until it can be demonstrated through a
combination of field screening and verification sampling that cleanup goals have been achieved.

2. Treat the waste as required to meet applicable waste disposal criteria.
3. Dispose of contaminated materials at the Environmental Restoration Disposal Facility (ERDF).
4. Backfill excavated areas and re-vegetate.

1995 ROD. There are 37 waste sites in operable units 100-BC-1, 100-DR-1, and 100-HR-1 covered by
this ROD. Cleanup levels are consistent with remedial action objective listed in Table 1.4.

1995 ROD as Amended in 1997. There are 71 sites covered by this amended ROD. Cleanup levels are
consistent with the remedial action objectives listed in Table 1.4.

1996 ROD for Groundwater at 100-HR-3 and 100-KR-4. The remedy involves plume capture and
removing hexavalent chromium from groundwater via a pump-and-treat system. Groundwater is
extracted via wells near the river, the chromium is removed, and the treated water is discharged to the
upgradient aquifer. This remedial action is currently in progress only in selected portions of the entire
chromium plume in the D, K and H Reactor areas only. The location of the remedial action is based on
the highest concentration. The Tri-Parties have agreed that there needs to be a better understanding of the
nature and extent of the chromium plume in the area. No action is taken in the remaining portion of the
areas where the contamination is above the current remedial action objectives, pending the evaluation on
the success of these selected activities.

The principal threat being addressed is the ecological risk to aquatic organisms living in the river gravels
where contaminated groundwater upwells into the Columbia River. The cleanup standard of 11 pg/L

of hexavalent chromium was the Washington State ambient water quality standard for chronic exposure
that is more stringent than the 100-pg/L drinking water standard needed for protection of human health.
Contaminant levels in the groundwater nearby the Columbia River, which discharges into the river, have
been measured at over 2,000 pg/L hexavalent chromium.

1997 Action Memo for 100-C Reactor Waste Disposal, Ancillary Facilities, and 108-F Laboratory. The
remedy involves the decontamination and demolition of structures and the disposal of the resulting waste.
Where hazardous substances are present, cleanup progresses with the same depth criteria as for the soil
sites. This project, initiated under the National Environmental Policy Act (NEPA), resulted in an interim
safe storage enclosure over the reactor block to ensure containment of the hazardous substances. Subse-
quent interim safe storage projects were initiated under CERCLA.

1998 Action Memo for 100-DR and 100-F Reactor Interim Safe Storage. The remedy in this action
memo is to decontaminate and demolish the contaminated reactor buildings (except for the reactor blocks)
and the ancillary facilities, and disposal of the waste. The action memo required a safe storage enclosure
over the reactor blocks to ensure containment of the hazardous substances.
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1999 ROD for Remaining Sites (includes 2000 Explanation of Significant Difference for 100-1U-6).
The remedy was designed to be inclusive of all other past-practice waste sites in the 100 Areas not
already covered by an existing CERCLA decision document, with the exception of the 100 Area solid
waste burial grounds. Cleanup levels are consistent with the remedial action objectives listed in

Table 1.4. The 1999 ROD identified 46 sites for the remove-treat-dispose remedy. The 2000 explanation
of significant difference has increased this to 48 sites. In addition to the observational approach to
characterization during remove, treat, and dispose remediation, this ROD uses a “plug-in approach.” The
plug-in approach applies to more than 160 additional waste sites (and future discovery waste sites) with
little or no characterization data. These sites are candidates for remove, treat, and dispose remediation;
however, further sampling is required to determine if there is a need for remedial action. If remediation is
needed, they will be plugged into the remove, treat, and dispose remedy.

1999 ROD for the K Basins. The remedy requires the removal of the spent nuclear fuel, sludge, water,
and debris, as well as the deactivation of the two water-filled spent nuclear fuel storage basins in the
100-K Area. Fuel will be packaged, removed from the basins, dried, and placed in storage in the

200 Area. Sludge will be packaged, removed, and placed in storage in the 200 Area. Debris will be
removed, treated, and disposed at ERDF. Water contaminated with radionuclides will be removed,
treated, and disposed of. Deactivation waste will be disposed of at ERDF. This ROD does not contain
specific cleanup levels. The emptied and deactivated basins resulting from this remedial action will then
be remediated under the 1999 ROD for remaining sites.

1999 ROD for 100-NR-1 and 100-NR-2. There are 81 waste sites in the 100-NR-1 Operable Unit
identified as requiring interim remedial actions under this ROD (see Table 1 in the ROD, EPA 1999%¢).
For 58 of the sites, the remove, treat, and dispose remedy was selected (37 radioactive sites, 6 inorganic
waste sites, 6 burn pits, and 9 surface solid waste and miscellaneous source waste sites). Other actions for
22 petroleum sites include excavate and treat soil using ex situ bioremediation and dispose of the treated
soil for 20 near-surface petroleum sites, and in situ bioremediation for two deep petroleum sites. The
final site is the shoreline where institutional controls were the selected remedy. The remedy for 100-NR-2
is the continuation of a pump-and-treat system for strontium-90, which was begun as a removal action in
1995, and the capture of free-floating petroleum within any monitoring wells. Remediation of the
unplanned release sites is scheduled to begin following remediation of the 100-NR-1 treatment, storage,
and disposal units (see following paragraph, 2000 ROD for 100-NR-1).

1999 ROD Amendment to 100-HR-3. The remedy in this ROD amendment is in situ treatment of a
chromium plume in the 100-D Area. This remedial action will install a permeable reactive barrier
upgradient to groundwater discharge to the Columbia River.

2000 ROD for 100-NR-1. Approximately 600 feet of piping that is associated with the 1301-N (or
116-N-1) waste site and the 116-N-2 facility and support facilities (1322-NA, NB, NC) will be deferred
until decontamination and decommissioning (D&D) of these facilities. This deferral is due to safety
concerns with remediating the piping and the radiological dose exposure to remedial action workers.
Remediation will require excavation of the earthen berm at the 116-N-2 facility, which provides
radiological shielding. This work is scheduled to begin in 2009.

Additionally, approximately 5,600 feet of piping that is associated with 116-N-1, 105-N and 109-N
facilities (part of the N Reactor facility complex) will be deferred until D&D activities of the N Reactor
facility complex. This deferral is also due to safety concerns with remediating the piping. Remediation
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will require excavation up to foundation walls of these facilities, thus, jeopardizing the integrity of the
facilities. The pipelines intersect and/or follow active underground power lines and potable water lines.
Finally, remediation will block the access routes to the ongoing pump-and-treat operations at the 100-N
springs and other active facilities in the 100-N Area. This work is scheduled to begin in 2011.

The deferred piping associated with the 105-N and 109-N facilities will be remediated as part of D&D of
the N Reactor facility complex in accordance with TPA Milestone M-093-20.

2000 Explanation of Significant Difference for Remaining Sites ROD (specifically to 100-IU-6). The
explanation of significant difference to the remaining sites added two waste sites, which were formerly
part of the 300 Area, to the 100-IU-6 Operable Unit. These sites were remediated by the remove, treat,
and dispose remedy for soil sites.

2000 ROD for 100 Area Burial Grounds. This ROD was issued for 45 burial grounds located in the
100 Area, and the selected remedy is to remove, treat if necessary, and dispose of contaminated soil,
structures, and associated debris to the ERDF to meet the remedial action objectives in Table 1.4. Also
included in the remedy is backfilling, revegetation, and institutional controls.

2003 Explanation of Significant Difference for 100-NR-1 Treatment, Storage, and Disposal Units.
This explanation of significant difference was issued to consider the use of balancing factors to determine
the extent of additional excavation where residual contamination exists below the engineered structure
and at a depth greater than 4.6 meters (15 feet). The explanation of significant difference also revised the
annual institutional control requirements in the remedy to be consistent with the reporting requirement
contained in the Site Wide Institutional Controls Plan for Hanford CERCLA Response Actions (DOE
2002b). Based on the balancing factors analysis, additional excavation at a depth greater than 4.6 meters
(15 feet) was not necessary provided irrigation was not applied. Modeling the contaminants remaining
still demonstrated protectiveness of the groundwater.

2003 Explanation of Significant Difference for 100-NR-1/100-NR-2 ROD. This explanation of
significant difference revised the annual institutional control requirements in the selected remedy to be
consistent with the reporting requirement contained in the Site Wide Institutional Controls Plan for
Hanford CERCLA Response Actions (DOE 2002b).

2004 Explanation of Significant Difference for Remaining Sites ROD. This explanation of significant
difference was issued to add 28 waste sites, add new applicable or relevant and appropriate requirements
(ARARs), and revise the annual institutional control requirements in the selected remedy to be consistent
with the reporting requirement contained in the Site Wide Institutional Controls Plan for Hanford
CERCLA Response Actions (DOE 2002b).

2005 ROD Amendment for the K Basins. The 2005 ROD Amendment for the K Basins changes the
sludge disposition and how underwater debris is retrieved, treated, and disposed from both the 105-K East
and 105-K West Spent Nuclear Fuel Basins. The ROD amendment requires the sludge be treated and
packaged for disposal, and shipped off-Hanford to a national repository. The ROD amendment also
amends the remedy for some of the debris which will remain in the basins while they are partially filled
with a cement-based grout. The debris grouted in place will be removed in conjunction with removal of
the basins. These changes will result in increased protection to human health and the environment.
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14.2 Remedy Implementation

Several of the decision documents listed in Tables 1.2 and 1.3 are specific to waste sites or groundwater
plumes. Most of the 100 Area decision documents, however, address types of waste sites. Remedy
implementation for the source operable units are reviewed by waste site type rather than individual waste
sites. Groundwater operable units are evaluated individually.

The various cleanup decision documents in the 100 Areas can be grouped into four types of cleanup
actions and groundwater remediation. These include the following:

e K Basins Spent Fuel Removal and Cleanup. This cleanup action consists of the removal of the
contents and deactivation, demolition, removal, and disposal of the K Basins structures.

¢ Decontamination and Decommissioning (D&D) of Buildings. This cleanup action consists of the
D&D of buildings, and may include demolition of structures, and removal of associated debris,
including any unanticipated material that was part of the engineered structure or otherwise deposited
at the site; followed by treatment as necessary, and disposal to ERDF.

e Soil Sites and Burial Ground Sites - Remove, Treat, and Dispose. This cleanup action consists of
the excavation and removal of contaminated soil, the pipelines that transported the liquid waste,
structures, and associated debris, including any unanticipated material that was part of the engineered
structure or otherwise deposited at the site; followed by treatment as necessary, and disposal to
ERDF. Generally, this cleanup action includes institutional controls and use limitations to ensure
protection of human health and the environment during and after execution of the remedy.

e Groundwater Remediation. This action consists of groundwater remediation which may consist of
in situ bioremediation, in situ chemical treatment, pump and treat, and/or natural attenuation.

1.4.2.1 K Basins Spent Fuel Removal and Cleanup

The K Basins Closure Project is removing the spent fuel that has been stored in the fuel storage basins in
the 100-K Areas for over 20 years. The project includes removal of all of the fuel and the baskets and
racks in which the fuel was stored, removal of the sludge that has accumulated in the basins, removal of
the water from the basins, and demolition and disposal of the basin structures. The other CERCLA
actions in the 100-KE and 100-KW Areas that are being conducted under the River Corridor Project
include the D&D of the ancillary buildings, placing the reactors in interim safe storage, remediating soil
waste sites, and remediating the groundwater.

There are three decision documents that deal with the K Basins Closure Project:
e 1999 100-KR-2 ROD for the removal of the contents of the K Basins (EPA 1999c)

e 1999 ROD for the 100 Area Remaining Sites that directs remediation of the basins and underlying
contaminated soil (EPA 1999d)

e 100-K Area ROD Amendment signed in July 2005 (EPA 2005)
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The following is a status of the selected remedies for the K Basins Closure Project, listed by waste
stream:

Spent nuclear fuel: Currently, most spent nuclear fuel has been removed from the basins, therefore,
satisfying one of the remedial action objectives identified in the 100-KR-2 ROD. The 100-K Area ROD
Amendment does not amend the remedy for this waste stream.

Radioactive sludge: The 100-KR-2 ROD directed that sludge be removed from the basins and placed in
storage pending future treatment. The treatment of sludge was not included within the scope of the
100-KR-2 ROD. The 100-K Area ROD Amendment expanded the scope of the 100-KR-2 ROD by
eliminating the need for extended storage of the untreated sludge and requiring that 1) the sludge be
treated for disposal and 2) the treated sludge be delivered to a national repository for disposal. Imple-
mentation of these provisions in the 100-K Area ROD Amendment is currently in progress.

Water: Treatment and removal of water from the K East Basin was initiated in 2004. Removal of
K West Basin water is planned following sludge removal.

Debris: The 100-KR-2 ROD directed that debris be removed, treated as required, and disposed on-site to
ERDF as appropriate. The 100-KR-2 ROD did not specify the details of debris retrieval; however, the
anticipated process was to be an item-by-item removal with any treatment to be done outside the basin.
The 100-K Area ROD Amendment expanded the scope of the 100-KR-2 ROD by allowing some of the
debris to 1) remain in the basins and be encased in grout and 2) be removed as part of the demolition and
removal of the basin structure.

Deactivation: Deactivation of the basin has not yet been initiated.

Institutional controls are in place to restrict access and prevent public access until the final remedial
action is completed.

There have been new ARARSs introduced as appropriate for the increased scope of the 100-K Area ROD
Amendment. Otherwise, there have been no changes in standards that were identified as ARARSs for this
remedial action. There are no deficiencies noted for the K Basins remedial action as of this review. It is
recommended to continue to implement the K Basins remedial action as directed in the 100-KR-2 ROD
and 100-K Area ROD Amendment.

1.4.2.2 Decontamination & Decommissioning of Buildings
The following decision documents address D&D of buildings:

e 1997 Action Memo for 100-B/C Area Ancillary Facilities and 108-F Building (EPA 1997¢)

e 1998 Action Memo for 105-F and 105-DR Reactor Buildings and Ancillary Facilities (Ecology et al.
1998)

e 1998 Action Memo for 100-N Ancillary Facilities DOE et al. 1998)

e 2000 Action Memo for 105-D and 105-H Reactor Buildings and Ancillary Facilities (DOE and
Ecology 2000)

e 2001 Action Memo for Hazard Mitigation at 105-B Reactor Facility (DOE and EPA 2001)
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e 2005 Action Memo for 105-N Reactor Building and 109-N heat Exchanger Building
e 2005 Action Memo for 100-K Ancillary Facilities

Removal action alternatives for B Reactor were constrained to exclude any activities that could impact
historical significance. The scope of the removal action required protection to be ensured for a period of
up to 10 years because a DOE decision on its final configuration, which may include historical preser-
vation of some or all of the facility structure and contents, is pending. The resulting Action Memorandum
called for hazard mitigation actions to protect human health and the environment and to support public
access to the 105-B Reactor facility for a 10-year period. Since issuance of the Action Memorandum,
potential hazards associated with electrical and lighting systems, fresh air supply, wooden surfaces, pipes
and conduits, stairways, and intrusion openings for birds and animals have been mitigated. Options for
roof replacement or repair are being evaluated and will be implemented as resources become available.

Since the last five-year review, a total of 10 ancillary facilities at 100-N and 100-K have been demolished
and four additional reactors and their associated ancillary facilities have undergone removal actions to put
them in condition for interim safe storage. The interim safe storage completions include the reactor
complexes in 100-D/DR, 100-H, and 100-F Areas.

Interim safe storage involves demolishing the reactor building down to the concrete shield walls sur-
rounding the reactor core. All openings in the remaining structure are sealed, a new roof is constructed,
and temperature and moisture sensors are installed for remotely monitoring conditions inside the sealed
reactor building. Workers will enter the structure once every five years to conduct inspections and make
any needed repairs.

In fiscal year (FY) 1998, the 105-C Reactor Building completed interim safe storage activities to ensure
the reactor would be maintained in a safe, environmentally secure and cost effective manner until final
closure could be accomplished through decommissioning (up to 75 years duration). Since completion of
activities to put the reactor into condition for interim safe storage in 1998, ongoing surveillance and
maintenance activities (external areas — every year and internal areas — every five years) are conducted
that meet the following requirements:

e To ensure adequate confinement of hazardous substances were maintained within the Safe Storage
Enclosure

e To provide physical safety and security controls for the Safe Storage Enclosure

e To verify the structural integrity of the facility

e To maintain the facilities in a manner that will minimize potential hazards to the public and workers

e To assure adequate frequency of future inspections and identify potential hazards for the 105-C Safe
Storage Enclosure to maintain the operability of installed equipment and facilitate periodic surveil-

lance and required maintenance of the enclosure

e To provide continuous remote monitoring of key functions within the facility
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The general overall condition of the internal portion of the 105-C Safe Storage Enclosure in FY 2002 was
found to be very similar to the original condition of the post enclosure building in FY 1998. There were
two discoveries of small amounts of oil that had leaked from an overhead hoist and a valve assembly in
the far-side experimental rooms. The oil leaks were cleaned up and absorbent pads placed in these areas.

It is concluded that the 105-C Safe Storage Enclosure configuration is working successfully with
continuous monitoring, annual external inspections, and five-year internal inspections.

1.4.2.3 Soil Sites and Burial Ground Remediation

The following decision documents deal with remediation of contaminated soil and hazardous waste burial
grounds sites in the 100 Areas:

e 1995 ROD as amended in 1997 (EPA 1995a, 1997a)

e 1999 ROD for 100-NR-1 and 100-NR-2 (EPA 1999¢)

e 1999 ROD for remaining sites (EPA 1999d)

e 2000 ROD for 100-NR-1 (EPA 2000¢)

e 2000 Explanation of Significant Difference for 100-IU-6 (EPA 2000a)

e 2003 Explanation of Significant Difference for 100-NR-1/100-NR-2 ROD and 100-NR-1 ROD
(treatment, storage and disposal ROD) (EPA 2003b)

¢ 2004 Explanation of Significant Difference for remaining sites ROD (EPA 2004b)

Progress Since Last Review — 100 Areas General Soil Site Remediation. Since the last five-year review,
there have been 120 waste sites remediated or closed within the 100 Areas with completion of the action
approved by the lead regulatory agency. Approval is documented through approval of the waste site
reclassification forms included in the waste site cleanup verification package or remaining sites verifi-
cation package. The waste sites that have been remediated since the last review through September 2005
are listed in Table 1.5. Approximately 4.7 million metric tons (5.2 million tons) of soil and debris has
been removed from waste sites in the 100 Area since the inception of CERCLA remediation. Waste sites
in the shadow of the reactor buildings are being left in place until final disposition of the reactor building.

The observational approach that uses data collected during the remedial action to guide the extent of the
excavation has been used very successfully at these waste sites. This method compares sampling data
against cleanup standards to determine the physical extent of excavation required to meet the remedial
action goals.
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Table 1.5. Approved Waste Site Cleanup Verification Packages for the 100 Area Since the Last Five-
Year Review

100-B Area

100-D Area (contd)

100-H Area (contd)

1607-B7 Sanitary Sewer System

100-F-25 Drywells

1607-H2 Septic System

1607-B8 Sanitary Sewer System

122-DR-1 Sodium Fire Facility

1607-H4 Septic System

100-B-5 Disposal Trench

132-DR-2 Reactor Exhaust Stack

116-H-7 Retention Basin

118-B-4 Burial Ground

100-F Area

100-H-21 Underground Pipelines

100-B-8 Underground Pipelines

100-F-29 Process Sewer Pipelines

116-H-2 Liquid Waste Disposal Trench

132-B-6 Outfall Structure

116-F-11 French Drain

100-H-1 Rod Cave

118-B-5 Burial Ground

116-F-5 Crib

100-H-22 Contaminated Soil Site

118-B-10 Ball Storage Vault

116-F-10 French Drain

100-H-30 Sanitary Sewer Trench

118-B-2 Construction Burial Ground

100-F-35 Soil Contamination Area

100-H-2 Buried Thimble Site

118-B-3 Construction Burial Ground

1607-F2 Sanitary Sewer System

100-H-17 Trench Overflow

116-B-7 Outfall Structure

116-F-2 Liquid Waste Disposal Trench

100-H-24 Substation

100-B-16 Debris Piles 116-F-1 Trench 100-K Area
132-C-2 Outfall 116-F-6 Liquid Waste Disposal Trench 116-KW-3 Retention Basin
100-BC-2 Operable Unit 118-F-8 Below Grade Structures and Soil 116-K-1 Crib
600-232 Electrical Laydown Area 100-F-10 French Drain 116-KE-4 Retention Basins
100-C Area 116-F-4 Crib 100-K-30 Sulfuric Acid Tank Bases

1607-B9 Sanitary Sewer System

1607-F6 Sanitary Sewer System

100-K-33 Sulfuric Acid Tank Bases

1607-B10 Septic Tank System

UPR-100-F-2 Basin Leak Ditch

128-K-1 Burning Pit

1607-B11 Septic Tank System

116-F-14 Retention Basin

100-K-31 Sulfuric Acid Tank Bases

100-C-3 French Drain

100-F-11 French Drain

100-K-32 Sulfuric Acid Tank Bases

118-C-4 Rod Storage Cave

100-F-15 French Drain

100-K-29 Sandblasting Site

100-C-6 Underground Pipelines

100-F-4 French Drain

100-N Area

118-C-2 Ball Storage Tank

100-F-16 French Drain

116-N-3 Crib and Trench

116-C-6 Percolation Pit

100-F-2 Strontium Garden

100-N-58 South Settling Pond

100-D Area

116-F-3 Storage Basin Trench

100-1U-2 Operable Unit

116-D-6 French Drain

116-F-12 French Drain

600-131 Shop and Warehouse

100-D-52 Dry Well

100-F-34 French Drain

600-139 Automotive Repair Shop

116-D-4 Crib

100-F-37 French Drain

600-201 Waste Disposal Site

116-DR-6 Liquid Waste Disposal Trench

100-F-19 Underground Pipelines

600-181 Oil Dump Site

116-DR-4 Crib

116-F-9 Leaching Trench

600-128 Oil and Oil Filter Dump Site

100-D-12 Liquid Waste Site

100-F-9 French Drain

600-132 Construction Shop Landfill

116-D-2 Crib

100-F-7 Underground Fuel Tank

600-191 Dump Site

100-D-5 Solid Waste Site

100-F-18 Drain Field

600-129 Dump Site

100-D-6 Burial Ground

100-F-14 Vent Pipe

600-98 Landfill

116-D-9 Crib

116-F-7 Crib and Pipeline

100-IU-6 Operable Unit

100-D-46 Burial Ground 118-F-4 Crib 600-23 Dumping Area

100-D-19 Sludge Trench UPR-100-F-1 Sewer Line Leak JA Jones 1 Construction Pit
UPR-100-D-4 Basin Leak Site 100-F-24 Drywell 600-110 Landfill

100-D-23 Sample Building Drywell 100-F-23 Drywell 600-204 Burn and Burial Trench
100-D-64 Stack Sampling Building 100-H Area 600-208 Construction Camp Ponds
118-DR-2 Below Grade Structures and Soil 100-H-5 Sludge Burial Site 600 Area Misc

116-D-1A & -1B Storage Basin Trenches

116-H-5 Outfall Structure

600-235 Lead Sheathed Telephone Cables

100-D-53 HEPA Filter Building

116-H-1 Liquid Waste Disposal Trench

100-D-54 Drywell

116-H-3 French Drain
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14.24 Groundwater Remediation
The following decision documents address remediation of groundwater operable units in the 100 Areas:

e 1996 Interim ROD for the 100-HR-3 and 100-KR-4 — Hexavalent Chromium Pump-and-Treat (EPA
1996¢)

e 1999 Interim ROD for the 100-KR-2 Operable Unit — Basins (Also CCN 103091) (EPA 1999c¢)

e 1999 Interim ROD for the 100-NR-1 and 100-NR-2 Operable Units (EPA 1999¢)

e 1999 Amended ROD for the 100-HR-3 Operable Unit — In Situ Redox Manipulation (EPA 1999a)

e 2003 Explanation of Significant Difference for the 100-HR-3 Operable Unit ROD (EPA 2003a)

Progress Since Last Review — 100 Areas General Groundwater Remediation. Chromium has migrated
to the groundwater from soil site sources, resulting in soil and groundwater contamination. Since shut-
down of the reactors, the once-large groundwater chromium plumes have shrunk to become discrete
plumes downgradient of the soil discharge sites. Test pits, boreholes, and aquifer response to rising water
table associated with high river stage in the 100 Area have documented that chromium is present in the
deep vadose zone. In 100-D Area, all of the sources of contamination in the vadose zone are yet to be
identified and delineated. It is typical in the 100/300 Areas to observe increased contamination levels in
the groundwater following sustained high Columbia River water levels. The high river water levels raise
the groundwater table and wet portions of the deep vadose zone. These temporary wettings of the
contamination in the deep vadose zone then result in pulses of contamination in the groundwater. This
suggests that these deep vadose zone chromium residues continue to act as a reserve for future
contamination of the groundwater.

DOE has initiated a series of technology improvements designed to better identify, understand and
remediate the sources of chromium in the 100 Area soils that may be impacting groundwater. There are
also projects to evaluate groundwater remediation technologies. These projects can be found at
http://www.hanford.gov/cp/gpp/science/em21.cfm.

1.4.2.5 River Corridor Baseline Risk Assessment

Since the last review, a human health and ecological risk assessment was initiated to evaluate post-
remediation conditions of source waste sites and current conditions in groundwater, the riparian zone, and
the near shore of the Columbia River. DOE prepared and received regulatory approval of a Risk
Assessment Work Plan for the 100 Area and 300 Area Component of the RCBRA (DOE 2005g). DOE,
with technical assistance from Hanford Natural Resource Trustee representatives, went through a data
quality objective process and produced and received regulatory approval of 100 Area and 300 Area
Component of the RCBRA Sampling and Analysis Plan (DOE 2006a). Using existing data gathered at the
completion of waste site remediation prior to backfill and supplemental data to be gathered under the
sampling and analysis plan, a risk assessment report will be produced. A TPA milestone was established
during the approval process of the work plan (DOE 2005g) to submit the risk assessment report to the
EPA and Ecology for review by June 30, 2007.
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14.3 100-B/C Area
1.4.3.1 100-B/C Area Soil Site Remediation

Ground surface remedial action activities began in the 100-B/C Area in 1996. All of the high-priority
100-B/C Area liquid waste sites, including cribs, ditches, trenches, and retention basins, have been
remediated and backfilled with clean soil. Remediation of the 100-B/C solid waste burial grounds was
initiated during the review period and significant progress has been made, with eight of the ten burial
grounds completed by the end of FY 2005. Burial grounds 118-B-1 and 118-C-1 are scheduled to be
completed in 2006. Spent nuclear fuel and other unanticipated waste materials have been discovered in
these two sites, initially halting 100-B/C remediation activities and subsequently slowing progress on
phases of the work. Safe and appropriate handling, treatment, and disposal solutions for the unanticipated
waste have been developed and are being openly reviewed and discussed with the regulatory authorities.
There is the potential that schedule delays associated with the discovery of this unanticipated waste could
adversely impact achievement of the current TPA milestone completion date.

The 100-B/C Pilot Project Risk Assessment was initiated in April 2002 to develop a process to evaluate
the protectiveness of remedial actions performed for the 100-B/C Area operable units with the intent that
lessons learned would be applied to subsequent risk assessments performed within the River Corridor.
The pilot completed characterization but is not being pursued to completion as a stand alone assessment.
Rather, it is being integrated into the River Corridor Baseline Risk Assessment described above.

During excavation of the 100-C-7 waste site in the south-central 100-B/C Area, chromium contamination
remained at the bottom of the excavation. A characterization borehole was drilled in August 2005 to
determine the depth of contamination. A grab sample of groundwater showed low but detectable concen-
trations of chromium. Details and additional evaluation of results are pending. Discussions with regula-
tory authorities may be required, and TPA Milestone M-16-45 could be affected. Draft results from the
B/C Pilot will be carried forth and finalized in the 100 and 300 Areas risk assessment due in 2007.

1.4.3.2 100-B/C Area Groundwater Remediation

Based on the outcome of the limited field investigation, it was determined that interim remedial measures
for contaminants of concern in this operable unit were not warranted. The recommended course of action
was to continue monitoring groundwater until source remedial actions are complete, then re-evaluate the
risk associated with groundwater.

A conceptual site model for the 100-B/C Area was completed in 1996, identifying contaminants of
potential concern. This model was updated and constituents of concern for groundwater monitoring were
identified in a data quality objectives process in 2003. The results fed into the 2004 revision of the
sampling and analysis plan.

The following progress has been made in the 100 B/C Area within the 100-BC-5 Operable Unit, since the
last review:

e The drinking water standard for chromium is 100 pg/L and the aquatic standard for hexavalent
chromium in surface waters is currently 10 pg/L. Initial hexavalent chromium concentrations in
100-B/C Area groundwater were very close to or exceeded the drinking water standard. During the

CERCLA Five-Year Review 1.24 November 10, 2006




past five years, hexavalent chromium contaminant concentrations have been steady or declining.
Recent measured concentrations have ranged from below detection to approximately 20 to 30 pg/L
Chromium concentrations exceeded 20 pg/L in several wells in the north 100-B/C Area. However,
the limited extent of chromium-contaminated groundwater and declining concentrations support the
decision to take no additional interim remedial measures.

* Figure 1.8 shows the distribution of dissolved chromium at the top of the aquifer in year 2005.
Concentrations are below the 100-pg/L drinking water standard, but exceeded 20 pg/L in several
wells in the north 100-B Area.

¢ Chromium concentrations in aquifer tube sites located along the 100-B/C Area shoreline have had a
maximum concentration of 115 pg/L detected in 1999. Results in November 2004 were between 22
and 33 pg/L; these values were improved but were still above the 10 pg/L aquatic standard.

e Strontium-90 concentrations in the 100-B/C Area have ranged from 39 to 170 pCi/L between year
2005 in a well down gradient from the 116-C-1 trench. Figure 1.9 show strontium-90 distribution in
year 2005. Strontium-90 is limited to the top of aquifer. It has been consistently detected in shallow
and mid-level aquifer tubes where concentrations have declined to 11 pCi/L in November 2004.
However, none has been detected in deeper wells or in deep aquifer tubes.

The strontium-90 plume in groundwater is wedge-shaped, with an apex in the central 100-B/C Area,
extending and spreading north toward the Columbia River. The concentration of strontium-90 has
exceeded the drinking water standard of 8 pg/L. It has not changed significantly in the past 10 years.
Strontium-90 concentrations are neither increasing nor decreasing in monitoring wells.

* The uppermost aquifer beneath the 100-B/C Area is contaminated with tritium, which has exceeded
the 20,000-pCi/L drinking water standard in several wells and aquifer tubes. Data from 2005 show
increased concentrations in monitoring wells and aquifer tubes. The 2005 data shows a portion of
the plume exceeding the drinking water standard near the 118-B-1 burial ground.

* Several wells in the 100-B/C Area showed sharp spikes in tritium concentration in the late 1990s,
with subsequently declining levels. This pattern was observed in wells throughout the 100-B/C
Area. Tritium increased sharply to 161,000 pCi/L during 2005 in a well located between the reactor
buildings and the 116-C-5 retention basins. This is significantly lower than the peak in the late
1990s; the cause of either peak is unknown.

e Tritium concentrations have declined in aquifer tubes located just east of the 100-B/C Area.
Concentrations were near or at the drinking water standard. Tritium east of the 100-B/C Area is
believed to represent a plume from the 200 Areas that migrated northward.
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Figure 1.8. Average Dissolved Chromium Concentrations in 100-B/C Area — 2005
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1.4.3.3 100-B/C Area Technical Assessments

A ROD for groundwater remediation has not been established for this area. Previous assessments have
not identified groundwater conditions that warrant interim remedial measures, assuming that the source
control measures will meet established remedial action objectives designed to reduce contaminant
recharge to the aquifer.

Increasing tritium concentrations have been observed in well 199-B5-2. The amount of time this has been
observed and the levels of contamination have not yet justified an immediate action. Monitoring and
assessment of this plume will continue.

1.4.34 100-B/C Area Issues and Actions

No issues or actions specific to the 100-B/C Area were identified during the review.
144 100-K Area

1.4.4.1 100-K Area Soil Site Remediation

Two separate types of CERCLA actions are ongoing in the 100-KE and 100-KW Areas. The K Basins
Closure Project is removing the spent fuel that has been stored in the fuel storage basins in the 100-K
Areas for over 20 years. The project includes removal of all the fuel and the baskets and racks in which
the fuel was stored, removal of the sludge that has accumulated in the basins, removal of the water from
the basins, and demolition and disposal of the basin structures. The other CERCLA actions in the
100-KE and 100-KW Areas that are being conducted under the River Corridor Project include D&D of
the ancillary buildings, placing the reactors in interim safe storage, remediating soil waste sites, and
remediating the groundwater.

All but one of the high-priority 100-K Area liquid waste sites including cribs, ditches, trenches, and
retention basins have been remediated and backfilled with clean soil. Backfill of the 116-K-2 waste site
will be completed in 2006. The 116-KE-1 and 116-KW-1 condensate cribs were partially remediated in
an effort to reduce elevated tritium levels in the groundwater. Remediation of the solid waste burial
grounds will be initiated in 2006.

1.4.4.2 100-K Area Groundwater Remediation

The following progress has been made in 100-K Area within the 100-KR-4 Groundwater Operable Unit
since the last review and includes system operations and operation and maintenance information as
applicable.

e Some chromium concentrations in the groundwater north and east of the 100-K Area continue to
decline as a result of pump-and-treat operations.

e Continued expansion of the extraction and monitoring network has been required to enhance plume
capture and verify performance.
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The extent of the chromium contamination in the groundwater within the 100-K Area is shown in
Figure 1.10.

1.44.3 100-K Area Technical Assessment

The 100-K Area pump-and-treat system was intended to contain the groundwater chromium plume while
the waste sites were remediated. The primary remedial action objective is to prevent the discharge of
hexavalent chromium to the Columbia River substrate at concentrations exceeding those that are
considered protective of aquatic life in the river and river bed sediments. The following assessment was
made with respect to the groundwater in the 100-K Area:

¢ The chromium concentrations at well 199-K-18 have steadily increased, even though this well is
located at the west end of the capture zone of the pump-and-treat system.

* Both strontium-90 and carbon-14 contaminants appear to be highly concentrated in the groundwater
near liquid waste disposal sites adjacent to the 100-K East and 100-K West Reactors.

* Portions of the 100-K Area groundwater contaminated with strontium-90 and carbon-14 are likely to
require future use restrictions.

¢ Tritium concentrations are likely to remain well above the maximum contaminant level in the
groundwater adjacent to 100-K East Basin and the 118-K-1 burial ground until well after the sources
are removed.

* The northeast end of the plume resulting from disposal of hexavalent chromium into the mile-long
trench is not being captured sufficiently to meet the primary remedial action objective. This poses a
potential for current local ecological risk.

e The existing 300 gpm pump-and-treat system is insufficient.

e There is a plume of hexavalent chromium downgradient of the 100-KW Reactor that has reached the
river and poses a current local ecological risk resulting in the initiation of the construction of a new

pump-and-treat system.

Further information regarding the performance of the groundwater pump-and-treatment systems can
found in the annual summary report (DOE 2005¢).
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Figure 1.10. Chromium Groundwater Plume in 100-K Area — 2005
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1.4.4.4 100-K Area Issues and Actions

e Issue 3. The southeastern (inland) extent of the chromium groundwater plume from the 116-K-2
trench, northeast of the current injection wells, has not been delineated.

— Action 3-1. Install three additional wells to further delineate the southeastern (inland) extent of
the chromium groundwater plume from the 116-K-2 trench, northeast of the current injection
wells. Wells installed as part of the pump-and-treat system expansion or injection well relocation
may count towards this effort if appropriately located.

e Issue 4. The small chromium plume at 100-KW Reactor site has reached the river, as evidenced by
near-shore aquifer tubes. There is currently no active remediation system in place for the small
chromium plume at the 100-KW Reactor site. Therefore, construction of a new pump-and-treat
system has been initiated in response to this condition.

— Action 4-1. Construct a new pump-and-treat facility to the address the chromium groundwater
plume in the KW Reactor area.

e Issue 5. Groundwater monitoring indicates that the expansion of the 100-K East pump-and-treat
extraction system has not yet achieved the remedial action objective.

— Action 5-1. Expand the 100-K East pump-and-treat system by 378.5 liters (100 gallons) per
minute to enhance remediation of the chromium plume between the 116-K-2 and the N Reactor
perimeter fence.

— Action 5-2. Connect additional wells for extraction between the 116-K-2 trench and the
N Reactor perimeter fence to the pump-and-treatment system.

14.5 100-N Area
1.4.5.1 100-N Area Soil Site Remediation

Remediation activities for the 120-N-1 and 120-N-2 as specified in the closure sections of the RCRA
permit have been completed. Closure activities consisted of excavation and disposal followed by
verification sampling of remaining soils. Verification sample results confirm residential cleanup levels
were achieved for these sites. Groundwater contamination attributed to these facilities remains above the
secondary drinking water standard for sulfates. Continued groundwater monitoring is required by the
RCRA permit.

Modeling of deep zone contamination beneath the 116-N-1 site indicated potential impacts to ground-
water if the rural residential exposure scenario with 76 centimeters (30 inches) of annual irrigation was
used. After public meetings, an explanation of significant differences was issued by the Tri-Parties to
evaluate risk assuming no irrigation at this site and require an additional institutional control restricting
irrigation.
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1.4.5.2 100-N Area Groundwater Remediation

Significant progress has been made in evaluating alternative remedial technologies and evaluating the
ecological conditions at 100-N. The extent of the strontium-90 groundwater contamination within the
100-N Area is shown in Figure 1.11.
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Figure 1.11. Strontium-90 Groundwater Plume in 100-N Area — 2005
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1.4.5.3 100-N Area Technical Assessments

The 100-N Area pump-and-treat system was intended as an interim action, to provide some environ-
mental protection while more efficient remedial technologies were identified and deployed. Ata
pumping rate of 227 liters (60 gallons) per minute, the pump-and-treat system extracts approximately
0.2 Ci/year, which is about ten times less than the amount removed by radioactive decay of the
strontium-90 stored in the aquifer (DOE 2003b). In addition to this relatively inefficient (1:10) effect of
the pump-and-treat system, it has been difficult to demonstrate if the hydraulic control provided by the
pump-and-treat system also reduces the flux of strontium-90 to the Columbia River. A reduction in the
flux is one of the ROD objectives. It has also been difficult to evaluate the degree of protection that the
pump-and-treat system provides to the aquatic and riparian eco-system. An ecological impact assessment
report has been submitted. Data indicate that strontium-90 concentrations at the river’s edge have not
been impacted by the pump-and-treat system.

A 2001 evaluation of potential technologies has resulted in a DOE proposal to test a chemical injection
barrier in the near-shore aquifer. The barrier could reduce the flux of strontium-90 to the Columbia River
environment by sequestering (chemically binding) the radioactive strontium-90. If the barrier techno-
logical proves successful, it could replace the interim action pump-and-treat system. Phytoremediation,
as a “polishing” step to the barrier, is also being tested. As the barrier is designed to operate as a natural
gradient passive reactive barrier, the pump-and-treat system has been placed in a cold stand-by configu-
ration. Extraction, injection, and monitoring wells associated with the pump-and-treat system are also
being maintained in cold standby status.

Further information regarding the performance of the groundwater pump-and-treatment systems can
found in the annual summary report (DOE 2005¢).

DOE has obtained some new ecological data; studies are ongoing and scheduled to be completed in 2008.
The 100-N ecological data published in Aquatic and Riparian Receptor Impact Information for the
100-NR-02 Groundwater Operable Unit (DOE 2006b) is consistent with previously identified data and
analyses that the pump-and-treat system, operating in that location for the last ten years, has not
appreciably reduced the strontium-90 concentrations in groundwater that upwells into the Columbia
River. The permeable reactive barrier currently being tested at 100-N Area is being designed to meet a
goal of ninety percent reduction of strontium-90 concentrations at the river’s edge. Further discussion
with regulators, tribes, and stakeholders is necessary before DOE can articulate what further work will be
done and the schedule for performing such work. Any further ecological work at 100-N Area will be
integrated into the overall 100/300 Areas ecological risk studies that are currently being planned.

1.4.5.4 100-N Area Issues and Actions

e Issue 6. The pump-and-treat system is ineffective and inefficient in reducing the flux of
strontium-90 to the Columbia River, providing only a fraction (1:10) of the protection provided by
natural radioactive decay. The degree of protection provided by hydraulic control from the pump-
and-treat is unproven.

— Action 6-1. Implement the treatability test plan for permeable reactive barrier utilizing apatite

sequestration as described in the Strontium-90 Treatability Test Plan for 100-NR-02 Groundwater
Operable Unit (DOE 2005c). Issue Treatability Test Report.
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e Issue 7. Additional ecological data is needed to assess the interim actions prescribed within the
record of decisions and to develop final cleanup standards. The extent of shoreline water quality
impacts related to the diesel spill that occurred circa 1963 are not well known.

— Action 7-1. Perform additional data collection to support risk assessment, provide to Ecology
previously collected data, and coordinate with River Corridor sampling efforts to collect
additional pore water data from new and existing aquifer tubes along the 100-NR-2 shoreline in
order to assess water quality impacts.

1.4.6 100-D Area
1.4.6.1 100-D Area Soil Site Remediation

During the past five years, DOE attempted, without success, to find a chromium source in 100-D Area.
Due to the groundwater contamination in the 100-HR-3 Operable Unit, Ecology requested DOE to
perform additional 100-D Area source characterization in soil at the rail line that runs east from the
sodium dichromate station. The investigation included 12 test pits and nearly 116 soil samples. The
sampling did not identify a vadose zone source of hexavalent chromium. An extensive effort was
recently made to conduct historical research review of documents, photographs, and construction draw-
ings to investigate sodium dichromate use in the 100-D/DR Reactor Area. This investigation identified at
least 31 potential point source locations for sodium dichromate contamination, including ten primary
potential sources. Additional characterization activities are planned in calendar year 2007 to find
chromium sources.

Remediation at high-priority 100-D Area liquid waste sites was completed before the term of this five-
year review; previously excavated sites were backfilled and re-vegetated during the period ending
September 30, 2005. Remediation activities for all remaining soil sites and burial grounds are scheduled
to be initiated in the summer of 2006.

1.4.6.2 100-D Area Groundwater Remediation

The following progress has been made in the 100-D Area within the 100-HR-3 Operable Unit, since the
last review. The extent of the chromium groundwater plume is shown in Figure 1.12.

Pump-and-Treat Operations

e Since 1997, pump-and-treat operation is carried out only in selected portions of the entire chromium
plume in the 100-D Area. The location of the remedial action is based on the highest concentration
and the Tri-Parties agree that they need a better understanding of the nature and extent of the
chromium plume in the area. Since startup of the 100-HR-3 treatment system, the total mass of
hexavalent chromium removed from the 100-D Area through June 2005 was 215 kilograms
(474 pounds). The system had processed approximately 1,239 million liters (327 million gallons)
of groundwater. The 100-HR-3 pump-and treat-system was operational over 95% of the time
removing chromium at an acceptable level. In addition, the 100-DR-5 system has treated about
46.2 million liters (12.2 million gallons) of groundwater through the end of FY 2005 and removed
about 45 kilograms (99 pounds) of dissolved chromium.
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e Since 2001, three compliance wells show a general decline from a maximum of approximately
400 pg/L 200 pg/L, 150 pg/L, respectively, to about 100 pg/L.

e Maximum concentrations in the area of the original 100-D Area pump-and-treat plume have been
reduced to between 250 pg/L and 500 pg/L.

¢ Approximately 80% of the pressurized water lines in the 100-D Area have been cut and capped,
greatly reducing potential water line leakage as a contaminant driving force.

In Situ Redox Manipulation Barrier

The pilot scale test for the in situ redox manipulation barrier proved the feasibility of the concept, and the
treatment zone was constructed between 1999 and 2003 to a length of 680 meters (2,231 feet). However,
some sections of the barrier test have required multiple injections of sodium dithionite to maintain a
reducing environment. The barrier has experienced breakthrough in some of the wells. Technologies are
planned to be tested that are designed to augment the barrier performance.

1.4.6.3 100-D Area Technical Assessment

The 100-D Area pump-and-treat system was intended to contain the groundwater chromium plume while
the waste sites were remediated. The following assessment was made with respect to the groundwater in
the 100-D Area:

e Leakage of raw water from the 182-D reservoir has perturbed groundwater flow and may have
impacted remediation efforts. Administrative controls on reservoir operation (instituted in 2004)

have significantly reduced the leak rate.

Further information regarding the performance of the groundwater pump-and-treatment systems can
found in the annual summary report (DOE 2005¢).
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Figure 1.12. Chromium Groundwater Plume in 100-D Area — 2005
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1.4.6.4 100-D Area Issues and Actions

e Issue 8. Groundwater monitoring data indicates there is an unidentified chromium vadose source in
the 100-D Area near the demolished 190-DR clear wells.

— Action 8-1. Complete a field investigation to investigate additional sources of chromium
groundwater contamination within the 100-D Area. Additional geologic and geochemical
investigations of the vadose zone in the 100-D Area.

e Issue9. There is less than adequate data to characterize potential chromium groundwater contam-
ination between the 100-D and 100-H Areas (Figure 1.13), in the area known as the “horn.”

— Action 9-1. Perform additional characterization of the aquifer for chromium contamination
between the 100-D and 100-H Areas, in the area known as the “horn,” and evaluate the need to
perform remedial action to meet the remedial action objectives of the 100-D record of decision
for interim action. This issue will also be addressed in the final record of decision.

— Action 9-2. Incorporate the “horn” area into the 100-HR-3 Interim ROD treatment zone if Action
9-1 indicates “horn” contains a groundwater chromium plume that needs immediate remediation.

e Issue 10. Some of the groundwater wells near the 182-D reservoir show conductivity values similar
to values expected for raw water indicating some leakage from the reservoir.

— Action 10-1. Issue direction to the operating contractor to change operations to further minimize
leakage from the 182-D reservoir.

e Issue 11. Groundwater monitoring indicates that the 100-D Area treatments systems have not yet
achieved the remedial action objective. A few wells within the in situ redox manipulation barrier
have shown break through much sooner than expected. Monitoring also indicates that the pump-and-
treat system is not fully capturing the chromium plume.

— Action 11-1. Initiate limited iron amendments to the in situ redox manipulation barrier to
evaluate whether this enhances the performance.

— Action 11-2. Expand groundwater pump-and-treat extraction within the 100-D Area by
378.5 liters (100 gallons) per minute to enhance remediation of the chromium plume.

1.4.7 100-H Area
1.4.7.1 100-H Area Soil Site Remediation

Remediation of all the high-priority 100-H Area liquid waste sites, including cribs, ditches, trenches, and
retention basins has been initiated. While the all the high-priority units have been backfilled, contami-
nation remains (i.e., vadose zone and groundwater) associated with the 183-H Solar Evaporation Basins
and post-closure maintenance of the unit is required. Due to groundwater contamination in the 100-HR-3
Operable Unit, DOE performed additional 100-D Area source characterization in soil at the rail line that
runs west from the sodium dichromate station. The investigation included 12 test pits and approximately
116 soil samples. The sampling did not identify a shallow vadose source of hexavalent chromium in this
area. The samples collected for this study were taken from the shallow zone to a depth of 3.7 meters

(12 feet). Hexavalent chromium was found at greater depth during sampling at railway tracks in the
100-B/C Area.
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1.4.7.2 100-H Area Groundwater Remediation

The pump-and-treat operation is carried out only in selected portions of the entire chromium plume in the
100-D Area. The location of the remedial action is based on the highest concentration. The Tri-Parties
agree that they need a better understanding of the nature and extent of the chromium plume in the area.
The following progress has been made in 100-H Area within the 100-HR-3 Groundwater Operable Unit
since the last review and includes system operations and operation and maintenance information as
applicable.

e Chromium concentrations in the upper most aquifer throughout the 100-H Area groundwater
plume continue to decline and are below the drinking water standards. These reductions in both
concentration and aerial extent are a result of nearly ten years of pump-and-treat operations.
Chromium concentrations in three of four near-river compliance wells continue to decline but are
still above the aquatic protection criteria. Several of the aquifer tubes have achieved the aquatic
protection criteria while other continue to decline and are approaching the criteria.

e Secondary contaminants uranium, technetium-99, and nitrate have also declined, with only a few
wells now exceeding the maximum contaminant limits. Strontium-90 also exceeds the maximum
contaminant levels in isolated wells adjacent to 107-H basins. Concentrations of all these
contaminants are expected to decline to acceptable levels through natural processes.

The extent of the chromium contamination in the groundwater within the 100-H Area is shown in
Figure 1.14.

1.4.7.3 100-H Area Technical Assessment

Further information regarding the performance of the groundwater pump-and-treatment systems can
found in the annual summary report (DOE 2005¢).

e All major chromium soil waste sites within 100-H Area have been remediated. These actions in
conjunction with the pump-and-treat operations have restored much of the groundwater beneath
100-H Area to potential beneficial use status.

e The current remediation does not include a portion of the chromium plume (e.g., northern portion

toward the Columbia River shoreline “horn” and northwest; see Figure 1.13). This area needs to be
addressed through proper characterization, delineation/evaluation, and appropriate remediation.
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Figure 1.13. Area between 100-D and 100-H Areas known as the “Horn”
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Figure 1.14. Chromium Groundwater Plume in 100-H Area — 2005
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1.4.7.4 100-H Area Issues and Actions

e Issue9. There is less than adequate data to characterize potential chromium groundwater contam-
ination between the 100-D and 100-H Areas (Figure 1.13), in the area known as the “horn.”

— Action 9-1. Perform additional characterization of the upper confined aquifer for chromium
contamination between the 100-D and 100-H Areas, in the area known as the “horn,” and
evaluate the need to perform remedial action to meet the remedial action objectives of the 100-D
record of decision for interim action. This issue will also be addressed in the final record of
decision.

— Action 9-2. Incorporate the “horn” area into the 100-HR-3 Interim ROD treatment zone if
Action 9-1 indicates “horn” contains a groundwater chromium plume that needs immediate
remediation.

e Issue 12. Groundwater samples from one deep well extending below the aquitard exceed the
drinking water standard (100 pg/L) for chromium. The extent of chromium contamination in this
zone is not well understood.

— Action 12-1. Perform additional characterization of the aquifer below the initial aquitard.
1.4.8 100-F Area
1.4.8.1 100-F Area Soil Site Remediation

All of the high-priority 100-F Area surface cleanup action liquid waste sites, including cribs, ditches,
trenches, and retention basins, have been remediated and backfilled with clean soil. Fourteen waste sites
were completed in FY 2005. Site preparation and remediation of 100-F Area solid waste burial grounds
will be initiated FY 2006, beginning with 100-F-20, 118-F-1, 118-F-5, and 118-F-6.

The initial limited field investigation (DOE 1996c¢) also recommended a supplemental investigation to
determine the extent and potential source of trichloroethene in southwest 100-F Area. That investigation
concluded the trichloroethene posed a low risk.

A conceptual site model was completed in 1996, identifying contaminants of potential concern. This
model was updated and constituents of concern for groundwater monitoring were identified in a data
quality objectives process in 2003.

1.4.8.2 100-F Area Groundwater Remediation

There has been no active groundwater remediation in this area since the last five-year review. This
section summarizes the groundwater monitoring that has taken place in the 100-FR-3 Operable Unit since
1996 because this operable unit was not reviewed in the last five-year review. The contaminants of
concern for groundwater in the 100-FR-3 Operable Unit are hexavalent chromium, nitrate, strontium-90,
trichloroethene, tritium, and uranium.
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Figure 1.15 shows the distribution of dissolved chromium at the top of the aquifer in year 2005. In 1996,
the maximum concentration exceeded 150 pug/L. In 2005, the maximum concentration no longer exceeds
the 100-pg/L drinking water standard, but the overall extent of the plume has changed little since 1996.

Four 100-F Area wells typically have the highest concentrations of chromium. Three of the four wells
show trends that are increasing overall. In 2005, the maximum concentration of chromium was 61 pug/L
in one of the wells. A value of 98 ug/L, just below the drinking water standard of 100 pg/L, was
measured in another well in 2004, but the level declined to 54 pug/L in 2005. A third well shows an

overall decreasing trend, although it is located between wells with increasing trends.
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Figure 1.15. Average Dissolved Chromium Concentrations in 100-F Area — 2005
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A large nitrate plume extends from the 100-F Area southward. The portion of the plume with concen-
trations above 100 mg/L appears to have grown since 1996, spreading southward into the 600 Area.
However, data in this region were sparse in 1996. Nitrate concentrations also increased north of the
100-F Area, exceeding 20 mg/L. Nitrate concentrations increased throughout the 100 Areas in the 1990s
but the cause of the increase is not known.

Wells in the main 100-F Area continued to show levels of nitrate that exceeded the drinking water
standard and concentrations are increasing in some wells. The highest, recent nitrate concentration was
166 mg/L in well 199-F7-3 in February 2004 (well is sampled biennially). Concentrations had been
increasing in this well from the late 1990s until 2002. Concentrations are lower and declining in well
199-F8-4. South of the 100-F Area, nitrate concentrations are near 100 mg/L in wells 699-62-31 and
699-71-30. Concentrations increased in these wells since the early 1990s, but decreased in the most
recent samples (October 2004 and January 2005, respectively). Aquifer tubes south of the main 100-F
Area also have elevated nitrate concentrations. Tubes at site 75 typically exceed the 45-mg/L drinking
water standard. There is no aquatic standard for nitrate.

Strontium-90 concentrations exceed the 8-pCi/L drinking water standard beneath a portion of the 100-F
Area around the 116-F-14 retention basin and nearby disposal trenches. The extent of the plume has not
changed significantly in over 10 years.

Well 199-F5-1 currently has the highest strontium-90 concentrations (22.6 pCi/L in year 2004; the well is
sampled biennially). Peak concentrations in the mid- to late-1990s was caused by higher-than-average
water levels, which mobilized strontium-90 in the lower vadose zone and increased concentrations in
groundwater. Strontium-90 also exceeds the drinking water standard in wells 199-F5-44 and 199-F5-46.
The trends are neither increasing nor decreasing overall.

Strontium-90 is limited to the shallow portion of the aquifer. Strontium-90 concentrations in aquifer
tubes are below the drinking water standard. The maximum concentration detected to date was
2.25 pCi/L.

Trichloroethene concentrations in the southwest 100-F Area exceed the 5-jg/L drinking water standard.
The plume appears to be centered west of the 100-F Area. Concentrations near the drinking water
standard also are detected in wells in the central 100-F Area. The plume appears to have moved slightly
eastward since 1996.

Tritium concentrations are somewhat elevated beneath the south 100-F Area, but no longer exceed the
20,000-pCi/L drinking water standard. The plume extends to the southeast into the 600 Area at concen-
trations above 2,000 pCi/L. The only well where tritium historically exceeded the drinking water
standard is a well at the 199-F8-3 burial ground. Concentrations have declined to 12,600 in October
2004.

For most of the period of operable unit groundwater monitoring, gross alpha has been monitored to screen
for uranium. There are uranium data from years 1996 to 2000 and 2005.

Uranium concentrations have remained below the 30-j1g/L drinking water standard in all of the available
data. Gross alpha concentrations in this well show no overall trend; the level was above the 15-pCi/L
drinking water standard occasionally in the early 1990s but are now below the standard (13 pCi/L in year
2005).
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1.4.8.3 100-F Area Technical Assessment

A ROD for groundwater remediation has not been established for this area. Previous assessments have
not identified groundwater conditions that warrant interim remedial measures, assuming that the source
control measures will meet established remedial action objectives designed to reduce contaminant
recharge to the aquifer.

1.4.8.4 100-F Area Issues and Actions

No issues or actions specific to the 100-F Area were identified.

1.5 Technical Assessment Summary

The purpose of the five-year review is to determine whether the remedy at a site is, or upon completion
will be, protective of human health and the environment. The technical assessment of the remedy reviews
three questions:

o [s the remedy functioning as intended by the decision document?

e Are the exposure assumptions, toxicity data, cleanup levels, and remedial action objectives used at
the time of remedy selection still valid?

e Has any other information come to light that could call into question the protectiveness of the
remedy?

These questions are provided by federal regulations and establish a framework for organizing and
evaluating data and ensuring that all relevant issues are considered when determining the protectiveness
of the remedy. DOE has reviewed the status of the entire CERCLA cleanup at Hanford in this report;
however a technical assessment of a remedy requires that a decision document has been completed for the
specific operable unit. A decision document has not been completed for many of the operable units.

The protectiveness determination criteria are summarized below. Some RODs only cover specific
portions of an operable unit; therefore, some operable units are covered by both an interim ROD and a
ROD.

e [s the remedy functioning as intended by the decision documents?

The remedy is functioning as intended by the decision documents to the extent the actions are
completed for the following operable units:

100-TU-1 100-BC-1 100-KR-1 100-HR-1 100-DR-1 100-FR-1
100-1U-3 100-BC-2 100-KR-2 100-HR-2 100-DR-2 100-FR-2
100-1U-4 100-KR-4 100-HR-3

100-1U-5

100-IU-6 100-NR-1
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The remedy is not functioning as intended by the decision document for the 100-NR-2 Operable
Unit. The remedial action objective to reduce strontium-90 at the river as identified in the 1999
ROD is not being met.

A decision document has not been completed for two of the 100 Area operable units; CERCLA
decision documents have not been completed regarding the 100-FR-3 and 100-BC-5 Operable Units.

When considering whether a remedy is functioning as intended, the review focused on the technical
performance of the remedy, whether the remedy is related to a single operable unit or group of operable
units. Data on monitoring, system performance, and operation and maintenance of the remedy were
important aspects in the determination, as was confirmation that access and institutional controls are in
place and successfully prevent exposure. Status of the remedy is also considered. If the remedy is under
construction, the review focused on whether the remedy is being constructed in accordance with the
requirements of the decision documents, and if the remedy is expected to be protective when completed.
If the remedy is operating or completed, additional aspects of remedy implementation were considered,
such as remedial action performance, costs of system operations, monitoring activities and opportunities
for optimization.

* Are the exposure assumptions, toxicity data, cleanup levels, and remedial action objectives used at
the time of remedy selection still valid?

The exposure assumptions, toxicity data, cleanup levels, and remedial action objectives used at the
time of remedy selection are still valid for all operable units.

When considering whether the exposure assumptions, toxicity data, cleanup levels, and remedial action
objectives are still valid, the review focused on all of the risk parameters on which the original remedy
decision was based. Changes to target populations, exposure pathways, site characteristics, land use and
applicable or relevant and appropriate requirements were reviewed.

¢ Has any other information come to light that could call into question the protectiveness of the
remedy?

No new information has come to light that could call into question the protectiveness of the remedy
for all operable units except for 100-NR-2. New information indicates the pump-and-treat system
does not impact the strontium-90 concentrations at the groundwater/river interface where biologic
receptors are exposed.

DOE has initiated the River Corridor Baseline Risk Assessment for the purpose of evaluating post-
remediation conditions. The first review draft of the risk assessment report is scheduled to be
completed in June 2007 and, therefore, is not available for this review.

When considering whether any other information came to light that could call into question the protec-

tiveness of the remedy, the review focused on whether ecological risks had been adequately evaluated and
addressed, or whether new ecological risk information had become available.
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1.6 Issues and Actions

Table 1.6 shows the issues and actions for the 100 Area Operable Units.

1.7 Protectiveness Statement

This is the second five-year review for the Hanford Site. For perspective, previous reviews are also
provided in this section.

2001 Five-Year Review Report Protectiveness Statement — 100 Areas NPL Site

“I certify that remediation of the soil sites, D&D of buildings, in-situ treatment of chromium, and
K Basins remedial actions in the 100 Area are protective of human health and the environment. The
100 Area pump-and-treat actions for chromium are not achieving the criteria for protection of the
environment. While the N Area pump-and-treat system is currently containing much of the plume and
removing mass, high concentrations of strontium-90 in the groundwater adjacent to the river continue to
pose a risk to human health and the environment. Existing ICs, along with the ICs resulting from the
implementation of the recommendations in this five-year review, will be protective of human health and
the environment. I also certify that those remedial activities that are not completed, or are still in the
design or investigation stage, do not require immediate response actions to protect human health and the
environment.”

2006 Five-Year Review Report Protectiveness Statement for 100 Area NPL Site Source Operable Units

For the 100 Area Source (soil) Operable Units, cleanup has occurred, or is ongoing, under RODs for
interim actions. All of the contaminants of potential concern are addressed. ARARs were established for
the contaminants of concern. Remedial action objectives consistent with the ARARs were established in
the RODs. The cleanup that is occurring under these RODs for interim actions has not at this time been
completed for all of the waste sites within the operable unit. In addition, broader areas, such as the river
shoreline, that are currently being evaluated in the River Corridor risk assessments have not been included
in the RODs for interim actions.

For the source (soil) sites included in Operable Units 100-BC-1, 100-BC-2, 100-KR-1, 100-KR-2,
100-NR-1, 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, 100-FR-1, and 100-FR-2, based on this review
and taking the protectiveness determination questions into account, DOE has concluded that the remedies
selected for the 100 Area operable units are protective in the short-term of human health and the environ-
ment because the cleanup standards are being met and are within the acceptable risk range. There is no
outward evidence of ecological harm; however, DOE is conducting an ecological risk assessment to
determine if there are any residual risks that have not been adequately addressed. The determination for
long term protectiveness for human health and the environment for these operable units is being deferred
until a final remedy is selected through the CERCLA remedial investigation/feasibility study process.

2006 Five-Year Review Report Protectiveness Statement for 100 Area NPL Site Groundwater Operable
Units

RODs for interim action have been written for 100-HR-3 (including 100-D Area) and 100-KR-4 Ground-
water Operable Units where chromium contaminated groundwater has the potential to exceed ambient
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Table 1.6. Issues and Actions for the 100 Area Operable Units

Issues and Actions

Issue 1. Additional risk assessment information is needed to evaluate the interim
actions prescribed within the records of decisions and to develop final cleanup
decisions.

Affects Current
Protectiveness'

May Affect Future

Protectiveness’ Responsible

Organization

TPA Lead Action Due

(Yes / No)

(Yes / No)

within DOE Regulator Date

EPA/WDOE | 06/2007

Final Cleanup Decision in the River Corridor. Document will identify
issues for integration and provide alternatives for future discussions
between the Tri-Parties on milestones for final records of decision in the

River Corridor.

No issues or actlons specxﬁc to the 100 B/C Area were 1dent1ﬁed _—-_-

Issue 3. The southeastern (inland) extent of the chromium groundwater plume from
the 116-K-2 trench, northeast of the current injection wells, has not been delineated.

Action 1-1. Submit Draft A of the River Corridor Baseline Risk No’ Yes
Assessment Report.
Action 1-2. Submit draft sampling and analysis plan for Inter-Areas No’ Yes EPA/WDOE | 08/2006
Shoreline Assessment.

Issue 2. A strategy to obtain the final records of decisions and integrate the waste No® No

sites, deep vadose zone and groundwater has not been developed and agreed upon with

the regulator agencies. L v_ ‘ . -
Action 2-1. Submit Draft A of the River Corridor Strategy for Achieving No’ No RCP EPA/WDOE | 11/2006

Action 3-1. Install three additional wells to further delineate the
southeastern (inland) extent of the chromium groundwater plume from the
116-K-2 trench, northeast of the current injection wells. Wells installed as
part of the pump-and-treat system expansion or injection well relocation

may count towards this effort if appropriately located.

No*

Yes 08/2008
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Table 1.6. (contd)

Reactor perimeter fence for groundwater extraction, and connect the
additional wells to the pump-and-treat system.

Issue 6. The pump-and-treat system is ineffective and inefficient in reducing the flux
of strontium-90 to the Columbia River, providing only a fraction (1:10) of the
protection provided by natural radioactive decay. The degree of protection provided
by hydraulic control from the pump-and-treat is unproven.

Action 6-1. Implement the treatability test plan for permeable reactive
barrier utilizing apatite sequestration as described in the Strontium-90
Treatability Test Plan for 100-NR-02 Groundwater Operable Unit (DOE
2005c¢). Issue Treatability Test Report.

Yes

Yes

Affects Curren]t May Affect Future Responsible
Issues and Actions Protectiveness Protectiveness’ Organization TPA Lead Action Die
(Yes / No) (Yes / No) within DOE Regulator Date
Issue 4. The small chromium plume at KW Reactor site has reached the river, as Yes Yes ‘ .
evidenced by near-shore aquifer tubes. There is currently no active remediation
system in place for the small chromium plume at the KE-KW Reactor site. Therefore,
construction of a new pump-and-treat system has been initiated in response to this
condition.
Action 4-1. Construct a new pump-and-treat facility to the address the Yes Yes GRP EPA 08/2008
chromium groundwater plume in the KW Reactor area.
Issue 5. Groundwater monitoring indicates that the expansion of the 100-K Area Yes Yes
pump-and-treat extraction system has not yet achieved the remedial action objective.
Action 5-1. Expand the 100-K Area pump-and-treat system by 378.5 liters Yes Yes GRP EPA 08/2008
(100 gallons) per minute to enhance remediation of the chromium plume
between the 116-K-2 and the N Reactor perimeter fence.
Action 5-2. Add additional wells between the 166-K-2 trench and the N Yes Yes GRP EPA 03/2007

09/2008
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Q Table 1.6. (contd)

>

Ej' Affects Current | May Affect Future

?e Issues and Actions Protectiveness' Protectiveness’ g;'egs::;:l :;:,en TPA Lead Action Diie

g (Yes / No) (Yes / No) within DOE Regulator Date

;: Issue 7. Additional ecological data is needed to assess the interim actions prescribed No® Yes '

2 | within the record of decisions and to develop final cleanup standard. The extent of

g shoreline water quality impacts related to the diesel spill that occurred circa 1963 are

not well known. .

Action 7-1. Perform additional data collection to support risk assessment, No® Yes 09/2008
provide to Ecology previously collected data, and coordinate with River
Corridor sampling efforts to collect additional pore water data from new
and existing aquifer tubes along the 100-NR-2 shoreline in order to assess
water quality impacts.

— | Issue 8. Groundwater monitoring data indicates there is an unidentified chromium

'\43 vadose source in the 100-D Area near the demolished 190-DR clear wells.

Action 8-1. Complete a field investigation to investigate additional sources No* Yes 03/2009
of chromium groundwater contamination within the 100-D Area.
Additional geologic and geochemical investigations of the vadose zone in

the 100-D Area.

Issue 9. There is less than adequate data to characterize potential chromium No’ Yes
groundwater contamination between the 100-D and 100-H Area, in the area known as
the “horn.” , .
Action 9-1. Perform additional characterization of the aquifer for No’ Yes GRP WDOE 09/2009

chromium contamination between the 100-D and 100-H Area, in the area
known as the “horn,” and evaluate the need to perform remedial action to
meet the remedial action objectives of the 100-D record of decision for
interim action. This issue will also be addressed in the final record of
decision.

Action 9-2. Incorporate the “horn” area into the 100-HR-3 Interim ROD Yes Yes GRP WDOE 09/2009
treatment zone if Action 9-1 indicates “horn” contains a groundwater
chromium plume that needs immediate remediation.
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Table 1.6. (contd)

MITARY 183 A-2AL] VIDUHD

Affects Current | May Affect Future s
s : 1 2 Responsible
Issues and Actions Protectiveness Protectiveness Organization TPA Lead Action Due
(Yes / No) (Yes / No) within DOE Regulator Date

Issue 10. Some of the groundwater wells near the 182-D reservoir show conductivity Yes Yes - =
values similar to values expected for raw water indicating some leakage from the
reservoir.

Action 10-1. Issue direction to the operating contractor to change Yes Yes Complete

operations to further minimize leakage from the 182-D reservoir.

Issue 11. A few wells within the in situ redox manipulation barrier have shown break Yes Yes
through much sooner than expected.

Action 11-1. Initiate limited iron amendments to the in situ redox Yes Yes
manipulation barrier to evaluate whether this enhances the performance.

09/2007

o b
© | Issue 12. Groundwater samples from one deep well extending below the aquitard
exceed the drinking water standard (100 pg/L) for chromium. The extent of chromium
contamination in this zone is not well understood. .
Action 12-1. Perform additional characterization of the aquifer below the No’ Yes GRP WDOE 09/2009
No issues or actions specific to the 100-F Area were identified. '
1  Does this issue/action currently affect the protectiveness of the remedy?
2 Will this issue/action affect the protectiveness of the remedy in the future?
3 Identifying the need for, and acquiring new data in the future, does not affect the current status of protectiveness.
Z RCP — River Corridor Remediation Project
&' | GRP — Groundwater Remediation Project
& | EPA — Environmental Protection Agency
g- WDOE — Washington State Department of Ecology
(=
=
S
&




water quality standards in areas where aquatic biota are exposed to a mixture of groundwater and river
water. The remedial action objectives are to reduce hexavalent chromium concentrations at near river
wells to less than two times the ambient water quality standard for hexavalent chromium, recognizing the
dilution of groundwater as it enters the gravels of the river bottom. These RODs were not intended to
address secondary contaminants of potential concern or to restore the aquifer but to assure protectiveness
of aquatic resources. Final RODs will address secondary contaminants and aquifer restoration to the
extent practicable.

DOE believes that the selected remedies of source control, pump-and-treat, and chemical reduction will
be protective when fully implemented. It is recognized that improvements are necessary to the existing
system design to expand the scope of coverage. Furthermore, all of the sources of the chromium have not
been identified and remediated. Therefore, improvements are planned for the selected remedies. DOE is
evaluating new technologies and expanded pump-and-treat systems for the final RODs. Institutional
controls currently assure protection of human health. The final RODs will address all the contaminants of
potential concern and the full extent of contamination to assure protection of human health and the
environment. The determination for long-term protectiveness for human health and the environment for
the 100-HR-3 and 100-KR-4 Operable Units is being deferred until a final remedy is selected through the
CERCLA remedial investigation/feasibility study process.

For the 100-NR-2 Groundwater Operable Unit, the remedial action objectives for the strontium-90
contaminant in the groundwater established in the ROD are not being met. Data show that strontium-90
concentrations at the shoreline have not been reduced by the pump-and-treat system. Alternative
remedies are being investigated and work has been initiated on a field treatability test during 2006.
Institutional controls are in place to prevent use of the groundwater. Therefore, for this operable unit, the
remedy (pump-and-treat) is not considered to be protective in the short-term. Follow-up actions,
including evaluation of the effectiveness of the alternative permeable reactive barrier technology currently
being tested, are necessary to determine effectiveness of the technology. The determination for long-term
protectiveness for human health and the environment for the 100-NR-2 Groundwater Operable Unit is
being deferred until a final remedy is selected through the CERCLA remedial investigation/feasibility
study process.
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2.0 200 Area

2.1 Introduction

The Hanford 200 Area NPL site consists of the 200 East and West Areas, along with a smaller North
Area, all located in the Central Plateau portion of the Hanford Site. The Hanford 200 Areas NPL sites
cover approximately 194 square kilometers (75 square miles). The 200 East Area is located 27 kilometers
(17 miles) north-northwest of the city of Richland. The 200 West Area is located 9.6 kilometers (6 miles)
further west.

Hanford’s 200 East and 200 West Areas are divided into 24 source operable units (Figures 2.1 and 2.2).
These units contain almost 900 soil waste sites and associated structures, as well as almost 1,000 facilities
requiring decontamination and decommissioning. In June 2002, 23 operable units were consolidated
from the original 32 geographically based source operable units. The operable units are organized by
discharge types and waste site types. Examples of discharge types include solid waste, cooling water,
process water, and uranium-rich waste. Examples of waste site types include pond, crib, ditch, and burial
ground. In April 2004, as part of a modification to Appendix C of the TPA (Ecology et al. 1989), an
additional consolidation of waste sites from various operable units that contained waste sites in the
footprint of the U Plant area was approved to support the demonstration of a coordinated approach to
remediation of the waste sites. This action established the twenty-fourth operable unit referred to as the
200-UW-1 Operable Unit, shown on Figure 2.1.

The 200 Area NPL site also contains four groundwater operable units. Two (200-ZP-1 and 200-UP-1) are
in 200 West Area and two (200-BP-5 and 200-PO-1) are in 200 East Area. Figure 2.3 shows the
groundwater operable units in the 200 Areas.

This five-year review is focused on the inactive soil disposal areas, inactive facilities, contaminated
groundwater, and ERDF. Ongoing waste management activities, active treatment, storage, or disposal
facilities, and tank farm operations are not included in this review. This report provides a high-level
summary of the conditions that exist within each operable unit as appropriate to facilitate the five-year
review discussion. Operable-unit-specific documentation provides detailed information regarding the
operable units. The annual Hanford Site groundwater monitoring report (e.g., Hartman et al. 2005)
provides detailed information for all groundwater monitoring.

The action that triggered the first statutory review was the start of remedial action for ERDF, which
occurred on May 5, 1995. Because hazardous substances, pollutants, or contaminants remain at the site
above levels that allow for unrestricted use and unlimited exposure for the foreseeable future, this five-
year review and additional five-year reviews are required.
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2.2 Chronology

A list of the CERCLA decision documents for the 200 Area Source and Groundwater Operable Units, as
well as those associated with decontamination and decommissioning of facilities, is provided in Table 2.1.
The 200 Area was listed on the NPL on October 4, 1989. Remedial investigations began in the 200 Areas
in 1992. These initial investigations pointed to the need for remedial action for a carbon tetrachloride
plume located in the 200-ZP-1 Groundwater and 200-PW-1 Source Operable Units, as well as an action
for uranium and technetium contamination in the 200-UP-1 Groundwater Operable Unit.

2.3 Background

The Central Plateau of the Hanford Site consists mainly of the 200 East and West Areas, which were
primarily used for reprocessing spent nuclear fuel to recover special nuclear materials for use in the
national defense and for waste management activities. Approximately 1,000 facilities, structures, and
buildings, including the Plutonium Finishing Plant complex and five large chemical processing facilities
or “canyon” facilities: T plant, B Plant, U Plant, S Plant (the Reduction-Oxidation Plant [REDOX]), and
the Plutonium-Uranium Extraction [PUREX] Plant), were built to support processing of irradiated fuel
from the plutonium production reactors and for treatment, storage, and disposal of waste. These
processing activities generated large volumes of radioactive, hazardous, and mixed waste that were
disposed to the soil column as liquid effluent, or went into the soil column as spills and leaks. The
processing activities also generated solid waste that was disposed in burial grounds. The intentional and
inadvertent disposal of this waste created approximately 900 waste sites in the Hanford 200 Area.

Chemical processing of nuclear materials was terminated in the early 1990s, but waste management
activities continue and are anticipated to continue into the foreseeable future. In particular, radioactive
and mixed waste treatment and disposal are anticipated to continue for many years, at least until 2035 or
beyond. The underground storage tank farms, buried solid waste, and the contaminated inactive soil areas
and groundwater are the legacy of the old production mission and the primary focus of today’s cleanup
mission. Another key component of the 200 Areas is the ERDF, which was built to provide safe disposal
of waste generated as a result of ongoing cleanup activities across the Hanford Site.

Land use in the Central Plateau is designated as industrial exclusive. The industrial exclusive designation
means, “An area suitable and desirable for treatment, storage, and disposal of hazardous, dangerous,
radioactive, and non-radioactive wastes. Includes related activities consistent with Industrial-Exclusive
uses” (DOE 1999). As with other areas of the Hanford Site, land and water uses in the Central Plateau are
controlled by DOE.

23.1 Canyons

The Central Plateau contains five large defense production facilities, referred to as canyons, that
originally were designed for fuel reprocessing operations: T Plant, B Plant, U Plant, REDOX Plant, and
PUREX Plant. The canyon buildings range from approximately 244 meters (800 feet) long to over

305 meters (1,000 feet) long and are constructed of thick reinforced concrete. Approximately half of the
structure was constructed below grade level for shielding purposes. The below-grade portion of the
structure is divided into cells that contain a variety of equipment and piping used for reprocessing
operations. Thick concrete cover blocks over the cells form the surface of the canyon deck. These
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Table 2.1. 200 Area CERCLA Decision Documents

200 Areas Records of Decision - Location Date
Interim ROD for 200-ZP-1 pump-and-treat for carbon tetrachloride® (EPA 1995¢) June 1995
Interim ROD for 200-UP-1 pump-and-treat for uranium and technetium-99 (EPA 1997d) February 1997
Final Record of Decision for the 221-U Facility (Canyon Disposition Initiative) and September 2005

Responsiveness Summary (DOE et al. 2005)
200 Areas Action Memoranda — Location

200 West Area carbon tetrachloride plume (EPA and Ecology 1992) January 1992
Removal Action at 233-S Plutonium Concentration Facility (DOE and EPA 1997) March 1997
224-B Plutonium Concentration Facility (DOE 2004c) June 2004
218-W-4C Waste Retrieval (DOE et al. 2004) May 2004
232-Z Waste Recovery (DOE and EPA 2004) November 2004
Action Memorandum for the Non-Time Critical Removal Action for the U Plant Ancillary November 2004
Facilities (DOE 2004d)

Action Memorandum for PFP 232-Z facility decontamination and dismantlement to slab- November 2004
on-grade. (DOE and EPA 2004)

CERCLA Non-Time-Critical Removal Action Memorandum for Plutonium Finishing May 2005
Plant, Above-Grade Structures (DOE 2005c¢)

Action Memorandum for the Non-Time-Critical Removal Action for the 224-T Plutonium June 2005

Concentration Facility

ERDF Records of Decision - Location

ROD for ERDF Remedial Action — Authorizes construction of ERDF (Also CCN 009606) (EPA January 1995
1995b)

Explanation of Significant Difference for ERDF Remedial Action — Allows disposal of investigation- August 1996
derived waste at ERDF and use of the ERDF leachate as dust suppression (Also CCN 103092) (EPA

1996a)

Memo from EPA — Clarification to August 1996 explanation of significant difference (Innis 1997) December 1997
Amendment to the ROD for ERDF— ERDF expansion; and treatment (stabilization) in containers at October 1997
ERDF (EPA 1997b)

Amendment to the ROD for ERDF — Delisting of ERDF leachate (EPA 1999b) March 1999
Amendment to the ROD for ERDF — ERDF expansion; and establishes use of staging areas at ERDF January 2002

for waste requiring treatment (EPA 2002)

(a) Groundwater related decisions.
PFP = Plutonium Finishing Plant.
ROD = Record of Decision.

facilities will be decontaminated and demolished under remedial actions in accordance with the joint
DOE and EPA 1995 Policy on Decommissioning of Department of Energy Facilities Under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) (DOE 1995a).

Primary waste streams from canyon facilities included process waste, decontamination wastewater, and
aqueous process waste that were discharged to tanks, cribs, and trenches. The non-radioactive, low-
volume chemical sewer waste was generally sent to ponds and ditches. Very low-volume radioactive
waste streams were sent to the French drains.
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T Plant. The T Plant complex (including 221-T Canyon Building and 224-T Building) was built in 1944
and operated as one of the first nuclear material separation facilities at the Hanford Site until 1956. This
facility used a bismuth phosphate separation process.

The 221-T Building was used for a series of testing programs from 1964 to 1990. Current operations in
the 221-T Building include services in radioactive decontamination and reclamation, as well as decom-
missioning of process equipment. T Plant will receive sludge from the cleanout of the K Basins for
storage.

Plutonium scrap in liquid and solid forms was stored in the 224-T Building beginning in the early 1970s.
The scrap was removed from the 224-T Building in 1985 when it was designated as the Transuranic
Waste Storage and Assay Facility. The Transuranic Waste Storage and Assay Facility was used for
nondestructive assay and nondestructive examination of newly generated, contact-handled transuranic
solid waste packages destined to be shipped the Waste Isolation Pilot Plant. Use of the 224-T Building
for this activity ceased in 1997.

B Plant. The B Plant, one of the original fuels-separation facilities, was constructed between August
1943 and February 1945; it was operated until 1952. The plant used the bismuth phosphate process to
separate plutonium from irradiated fuel. In 1968, the B Plant was converted to a waste-fractionization
plant as part of a program to solidify high-level waste. B Plant also played a role in removing strontium-
90 and cesium-137 from PUREX Plant acid waste and high-level supernatant liquids, as well as sludges
from self-boiling liquid waste to manufacture sealed source capsules containing cesium-137 and
strontium-90. The capsules are currently stored underwater in the Waste Encapsulation and Storage
Facility adjacent to B Plant.

U Plant. The U Plant facility was built in 1944 to 1945 and consisted of the 221-U Canyon Building,
222-U Laboratory, and 224-U Concentration Building, as well as various support structures and storage
tanks. These buildings were initially designed to support the bismuth-phosphate batch process for
plutonium separations and recovery but were never operated in this mode. Instead, the complex was used
between 1952 and 1957 to recover uranium from the bismuth-phosphate process waste stored in the

200 East and 200 West Areas single-shell tank farms. The process used a continuous tributyl phosphate-
based solvent extraction chemistry to separate uranium from solutions with large quantities of fission
products. After this process ended, the canyon building and most facilities were shut down, although the
224-U Building continued to operate into the early 1990s as a calcining unit, converting uranyl nitrate
hexahydrate solutions from the PUREX Plant into a uranium-trioxide form.

REDOX Plant. The REDOX Plant (also known as S Plant) in the 200 West Area was built in the late
1940s and operated between 1952 and 1967. In the REDOX process, hexone was used as a diluent to
extract plutonium and uranium from acidic, fission-product-rich solutions in which the fuel rods had been
dissolved. The complex consisted of the main 202-S REDOX Canyon Building, the 222-S Laboratory,
233-S Concentration Facility, and a series of support buildings and waste handling and storage facilities.
The 222-S Laboratory continues to support the 200 Areas for process control and environmental sample
analysis.

The 233-S Concentration Facility was a plutonium processing facility that was demolished to slab-on-
grade. The materials were shipped to ERDF with the exception of the transuranic materials, which have
been packaged and are awaiting shipment to the Waste Isolation Pilot Plant. The below grade structure
portion of 233-S will be addressed through remedial action for the REDOX canyon.
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PUREX Plant. The PUREX Plant was constructed between April 1953 and October 1955 and took over
fuel-processing operations from the REDOX Plant. The PUREX Plant was operated from 1956 to 1972;
in 1972, it was placed in operational standby mode. Plant operations resumed in 1983 and ended in 1990.
At this facility, uranium, plutonium, and neptunium were separated from fission products found in the
production reactors’ irradiated uranium fuel. The process steps involve fuel-element decladding, uranium
metal dissolution, solvent extraction, ion exchange, and production load out.

232 Z Plant

From 1945 to 1949, the Z Plant operated as the Plutonium Isolation Facility, which concentrated Pluto-
nium nitrate solution produced by either of the separation facilities (T Plant or B Plant) and converted the
concentrate to a plutonium nitrate paste for shipment to Los Alamos, New Mexico, for further refinement.
Primary waste streams from the Plutonium Isolation Facility included process waste and wastewater that
were discharged to a ditch, several cribs, and a reverse well.

In 1949, the 234-5 Building was constructed to house production of plutonium metal. The 234-5, or

Z Plant Complex (also referred to as the Plutonium Finishing Plant [PFP]), operated continuously from
1949 to 1973, and intermittently from 1985 to 1988. This plant processed plutonium to a plutonium metal
and/or plutonium oxide.

Plutonium recovery facilities also operated in the Z Plant process area. These included the Recovery of
Uranium and Plutonium by Extraction Facility (234-5Z Building), which operated from 1955 to 1962,
and the Plutonium Reclamation Facility (236-Z Building), which operated from 1964 to 1979 and from
1984 to 1987. These facilities recovered plutonium from the PFP liquid waste stream.

A process line to recover americium from the PFP waste stream operated in the 242-Z Building from
1949 to 1959, and again from 1964 to 1976. The primary waste stream from the americium recovery was
spent ion-exchange resin that was discharged to ditches and a pond. The americium recovery process also
generated an organic waste stream (carbon tetrachloride and dibutyl butyl phosphonate). This waste
resulted in a large underground plume of organic materials. An analytical laboratory has operated at

Z Plant from 1955 to the present.

2.3.3 Tank Farms

High radioactivity level liquid effluents from the canyons were sent to the single and double shell under-
ground tanks in the tank farms. Underground tanks in the Central Plateau include the 177 single-shell and
double-shell tanks used to store high-activity waste generated during reprocessing operations. The tanks
range in size from 208,198 liters (55,000 gallons) to approximately 3.8 million liters (1 million gallons).
These tanks received liquid waste from all of the processing facilities. Double-shell tanks are active
RCRA-permitted units, while single-shell tanks are in RCRA units in varying stages of waste retrieval
and closure planning and operations. In some cases, there have been leaks from single-shell tanks that are
either known or suspected to commingle with soil contamination from liquid effluent disposal sites (e.g.,
cribs). The Tri-Party agencies are beginning to characterize that commingled contamination in an
integrated manner (e.g., at the B-BX-BY Tank Farms and adjacent waste disposal sites). Closure and
long-term disposition of these tanks is not discussed in this CERCLA five-year review.
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2.4 Response Actions

This review of remedial and removal actions focuses on four types of sites/media, including soil waste
sites, buildings undergoing D&D, contaminated groundwater, and ERDF.

24.1 Source Operable Units

Table 2.2 contains a list of each of the 24 source operable units and a brief description of each. The
Central Plateau waste site operable units are shown on Figure 2.4.

Only one source operable unit, 200-CW-3, has had a ROD issued. Because the waste sites located in
200-CW-3 Operable Unit contained similar contaminants and were constructed in the same manner as
the 100 Area sites, they were included in the interim action ROD for the 100 Area remaining sites (EPA
1999d). As of 2005, EPA has not agreed to move the CW-3 waste sites from the approved 100 Area
ROD to the proposed plan for the 200 Area Central Waste sites. With the establishment of the River
Corridor Cleanup Project, the waste sites in 200-CW-3 Operable Unit were included in the March 2003
Draft A of a Feasibility Study and Proposed Plan for the 200-CW-1 & 200-CW-3 Operable Unit and
200 North Area Waste Sites.

All 24 source operable units are in various stages of progression toward completing the remedial
investigation/feasibility study process. Significant progress has been made toward the completion of
those processes over the past five years. During the past two years some of the Central Plateau waste site
remedial action decision-making documents have undergone or are nearing the public comment stage
based on initial remedial alternative feasibility studies. The Tri-Party agencies recognized that some of
the standard remedial alternatives being considered might need to be modified and that additional
characterization data may be needed to make remedy selection decisions; the agencies are developing
conceptual-level data needs, but had not developed specific details through the end of December 2005.

It is anticipated that the path forward will identify decision models for waste sites, characterization needs
based on the decision models, gaps within current data, and recommend appropriate milestones. Upon
completion of the remedial investigation/feasibility study processes remedy selections for the 200 Areas
will be documented in RODs.

24.1.1 U Plant Area Remediation Prototype Effort

The U Plant Area is located in the 200 Areas (Central Plateau) of the Hanford Site. It is approximately
1.3 kilometer (0.5 mile) square and consists of the U Plant Canyon Building (221-U Facility), ancillary
facilities that supported the canyon, soil waste sites, underground pipelines, and the groundwater under-
neath the area. The sand filter and thorium vault were not part of the prototype effort and will be
addressed in a future decision.

In FY 2000, the Richland Operations Office initiated the U Plant Area closure project to demonstrate a
prototype for conducting zone-oriented remediation. The CERCLA decisions occurring during the five-
year review period are: the ROD for the canyon, the action memorandum for the ancillary facilities, and
the time critical removal action for the pipeline (200-W-42) discharging to the 200-U-8 and 12 waste
sites.
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Table 2.2. 200 Area Source Operable Units

Process Condensate/Process Waste Category

200-PW-1 Plutonium/Organic-Rich Waste
200-PW-2 Uranium-Rich Process Waste
200-PW-3 Organic-Rich Process Waste
200-PW-4 General Process Waste
200-PW-5 Fission Product-Rich Process Waste
200-PW-6 Plutonium Process Waste
Steam Condensate/Cooling Water/Chemical Sewer Category
200-CW-1 Gable Mountain/B-Ponds and Ditches Cooling Water
200-CW-2 S Pond And Ditches Cooling Water
200-CW-3 200 North Cooling Water
200-CW-4 T Pond And Ditches Cooling Water
200-CW-5 U Pond/Z Ditches Cooling Water
200-SC-1 Steam Condensate
200-CS-1 Chemical Sewer
Chemical Waste Category
200-LW-1 300 Areas Chemical Laboratory Waste
200-LW-2 200 Areas Chemical Laboratory Waste
Miscellaneous Waste Category
200-MW-1 Miscellaneous Waste
Tank/Scavenged Waste Category
200-TW-1 Scavenged Waste
200-TW-2 Tank Waste
Tanks/Lines/Pits/Diversion Boxes Category
200-IS- 1 | Tanks/Lines/Pits/Boxes
Unplanned Releases Category
200-UR-1 | Unplanned Releases
Septic Tank and Drain Fields Category
200-ST-1 | Septic Tank and Drain Fields
Landfills and Dumps Category
200-SW-1 Non-Radioactive Landfills and Dumps
200-SW-2 Radioactive Landfills and Dumps
U Plant Area Category
200-UW-1 U Plant Area Waste Sites
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24.1.2 Canyon Disposition Initiative for the 221-U Facility

The Canyon Disposal Initiative is a program being implemented by DOE to carry out the decontamination
and demolition of the large chemical separations plants on the Hanford Site. The Canyon Disposal
Initiative resulted from a 1996 Agreement in Principle among the Tri-Party agencies to determine the
final disposition for Hanford’s five canyon buildings. The purpose of the Canyon Disposition Initiative is
to evaluate disposition paths for the canyon buildings using CERCLA processes and to explore the poten-
tial for using the canyon buildings as disposal sites for Hanford cleanup waste, instead of demolishing
structures and sending the resulting waste/debris to another disposal facility.

The 221-U Facility is the first canyon building to be dealt with under the Canyon Disposal Initiative. The
process to disposition this facility is viewed as a pilot project to assist in the disposition of the remaining
four canyon buildings as well as providing lessons learned for similar facilities at the Idaho National
Laboratory and Savannah River. A CERCLA ROD was signed in September 2005 establishing the
selected remedial action as partial demolition of the building followed by installation of an earthen cap.
The remedial design report and remedial action work plan are currently being developed, supporting a
ROD requirement to submit a draft by December 31, 2006.

24.1.3 U Plant Ancillary Facilities

The U Plant Ancillary Facilities consist of processing, support and administrative buildings located within
the U Plant complex. A removal action to minimize the potential for a release of hazardous substances
from the U Plant Ancillary Facilities that could adversely impact human health and the environment,
protect site personnel and the environment, and contribute to the efficient performance of any anticipated
long-term remedial actions, including any future subsurface soil remediation was proposed in a CERCLA
Engineering Evaluation/Cost Assessment. The assessment was prepared to evaluate removal action
alternatives for the U Plant Ancillary Facilities and was submitted for public comment on August 23,
2004. Following a 30-day comment period, revisions to the preferred alternative to strengthen post-
removal sampling and verification activities were incorporated into an Action Memorandum. The

U Plant Action Memorandum for the Non-Time-Critical Removal Action for the U Plant Ancillary
Facilities, DOE/RL-2004-67, Revision 0, was approved in November 2004 (DOE 2004d).

2.4.1.4 U Plant Area Waste Sites

The proposed plan for U Plant area waste sites is under review. The time critical removal action for the
200-W-42 pipeline was signed in December 2004 and field work has been initiated.

2.4.1.5 200 B/C Cribs and Trenches

In 1999, the 200-TW-1 Scavenged Waste Group, the 200-TW-2 Tank Waste Group, and the 200-PW-5
Fission Product-Rich Waste Group Operable Units were identified as high priority for initiation of the
remedial investigation/feasibility study process because of the number of waste sites within the operable
units that represented high risk of contaminating groundwater. In March 2004, DOE-RL completed the
remedial investigation work and submitted an initial draft of a feasibility study and proposed plan to both
EPA and Ecology. The Tri-Party agencies agreed to focus the path forward for this operable unit group
on a subset of potential high risk waste sites known as the 200 B/C cribs and trenches. This proposal was
made ahead of other operable units because of the high risk that these sites could contaminate ground-
water. As of December 2005, the ROD had not been prepared.
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The Draft A version of the focused feasibility study and proposed plan for the BC cribs and trenches area
was submitted by DOE-RL to EPA for their review on June 17, 2005. On August 4, 2005, EPA provided
comments on the study and plan to DOE-RL stating its disagreement with the DOE-RL recommendation
for capping, instead preferring “near-surface excavation and capping.” On September 8§, 2005, DOE-RL
provided a formal response to EPA’s comments that reaffirmed DOE-RL’s recommendation for capping
rather than partial excavation and capping. Follow-on meetings between DOE-RL and EPA resulted in a
December 8, 2005, agreement by DOE-RL to “excavate where such removal of shallow contamination
might eliminate the need for a barrier or where it simplifies the design of a barrier and its associated
institutional controls.” DOE-RL also proposed working collaboratively with EPA to develop criteria for
excavation through the CERCLA ROD and subsequent remedial design process.

Issues and Actions.

e Issue 15. Soil resistivity measurements have detected large regions of anomalous high soil
conductivity in the area south of PUREX around the 216-A-4 crib and near the B/C cribs and
trenches. Further characterization of the B/C cribs and trenches is needed.

— Action 15-1. Complete data quality objective process and sampling plan to further characterize
the high soil conductivity measurements detected at B/C cribs and trenches.

2.4.1.6 Central Plateau Ecological Risk Assessment

Establishing the contaminants of concern present in the soil in the top 4.6 meters (15 feet) and identifying
the terrestrial plants and animals that could be affected by these contaminants will allow an assessment of
exposure pathways and potential ecological risks. The ecological evaluation results, combined with
human health exposure/risk assessment information, will help make certain the remedial measures
implemented in the 200 Areas are effective in protecting human health and the environment.

Initially, DOE prepared a screening-level evaluation of ecological risk in the 200 Areas. In addition, a
phased approach for completing a Central Plateau-wide ecological risk assessment to support remedial
investigation/feasibility study processes was initiated for the majority of soil waste site operable units in
the 200 Areas. An ecological evaluation of the 200 Areas, with emphasis on the current status of waste
site habitats, was initiated to identify potential ecological risks that might need to be considered in the
evaluation of site remediation alternatives.

The Central Plateau ecological risk assessment is being performed in three phases. Phase I, which
focused on CERCLA waste sites in the 200 East and 200 West Areas, and Phase II, which evaluated the
need for ecological sampling in the US Ecology site, tank farms, the B/C Controlled Area, and West Lake,
were completed in FY 2005. Phase III, to be conducted in FY 2006, is planned to evaluate the need for
ecological sampling in habitat (non-operational) areas across the 200 East and 200 West Areas and to
provide follow-up sampling at Phase I and II sites if analysis of the data from those phases identifies
additional data needs and to provide follow-up sampling at Phase I and II sites if analysis of the data from
those phases identifies additional data needs. The culmination of the phased data quality objectives,
sampling and analysis plans, and field characterization activities will be the development of a Central
Plateau-wide ecological risk assessment, planned for FY 2007, which will be integrated with the remedial
investigation/feasibility study process for source operable units. Ultimately, the information developed
through the ecological risk assessment will be used in support of final remedy selection in RODs for the
200 Area Operable Units.
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24.1.7 200-PW-1, 200 PW-3, and 200-PW-6 Operable Units

The 200-PW-1(formerly named 200-ZP-2), 200-PW-3, and 200-PW-6 Operable Units, grouped together
as the Plutonium/Organic-Rich Process Condensate/Process Waste Group Operable Units, remain a high
priority for completion of the remedial investigation/feasibility study process because of the large scale
carbon tetrachloride contamination problem primarily associated with the 200-PW-1 Operable Unit on the
Central Plateau. The following sections focus on the 200-PW-1 Operable Unit, which includes those
waste sites that received the largest amounts of liquid waste effluent contaminated with carbon
tetrachloride.

The vadose zone underlying the carbon tetrachloride area consists of approximately 66 meters

(216.5 feet) of relatively permeable sand and gravel. This region is interrupted from 38 to 45 meters
(125 to 148 feet) by a less permeable interval composed of 7 meters (23 feet) of silt and sand. Because it
constitutes a relatively low-flow zone, this less permeable interval effectively divides the vadose zone
into two distinct zones: an upper zone from the ground surface to the top of the less permeable layer and
a lower zone from the bottom of the less permeable layer to the water table.

History of Contamination. Carbon tetrachloride contained in aqueous and organic liquid waste generated
during plutonium-processing operations at PFP (formerly called Z Plant) was discharged primarily to
three subsurface infiltration facilities. The recovery of uranium and plutonium by extraction plutonium-
processing operation was discontinued in April 1962 and was replaced in May 1964 by the Plutonium
Reclamation Facility. A total of 570,000 to 920,000 kilograms (1,256,633 to 2,028,250 pounds) or
360,000 to 580,000 liters (95,102 to 153,220 gallons) of carbon tetrachloride is estimated to have been
discharged to the soil column between 1955 and 1973.

Remedial Action Chronology. Carbon tetrachloride was found in the unconfined aquifer beneath the
200 West Area at the Hanford Site in the mid-1980s. Groundwater monitoring indicated that the carbon
tetrachloride plume was widespread and that concentrations were increasing. In 1990, DOE-RL began
detailed planning, including non-intrusive field work, to implement an expedited response action for
removing carbon tetrachloride contamination from the unsaturated soil in the 200 West Area. The purpose
of the expedited response action was to minimize carbon tetrachloride migration within the vadose zone
and away from the carbon tetrachloride disposal sites in the 200 West Area and to mitigate the threat to
site workers, public health, and the environment caused by the migration of carbon tetrachloride vapors
through the soil column and into the groundwater. The expedited response action is an interim action
taken to reduce the mass of carbon tetrachloride in the soil column beneath the 200 West Area pending
final cleanup activities.

The action memorandum for the expedited response action established the removal action objectives
described in Table 2.3.

Based on the initial investigations and an engineering evaluation/cost analysis, the preferred alternative
for removal of the carbon tetrachloride from the vadose zone was soil-vapor extraction followed by
aboveground vapor treatment using granular activated carbon. The expedited response action for removal
of carbon tetrachloride from the vadose zone was implemented to remove the source of carbon tetra-
chloride to prevent further degradation of the groundwater. Figure 2.5 shows a comparison of the shallow
carbon tetrachloride plume between 1990 and 2005.
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Table 2.3. Removal Action Objectives for the Expedited Response Action to Remediate Carbon
Tetrachloride Concentrations in the 200-ZP-1 and 200-ZP-2 Operable Units

Removal Action Explanation
Objective
Mitigate the threat to | In the area remediated using soil-vapor extraction, concentrations of carbon tetrachloride

site workers

vapor in the vadose zone have been significantly reduced, as measured at the soil-vapor
extraction system inlet and at individual extraction wells and monitoring probes. However,
carbon tetrachloride is still present in the vadose zone. Because the potential for worker
exposure still is present, only limited progress has been achieved toward mitigating risk to
site workers. Site workers have been protected before and during the ERA and will also be
protected after the ERA through proper conduct of operations, monitoring, and the use of
engineering controls and personal protective equipment.

Mitigate the threat to
public health

Protection of public health has occurred by the institution of controls preventing public
access to contaminated areas and continued monitoring of those areas. The action
memorandum also identified a concern that carbon tetrachloride vapors could migrate
offsite in an independent direction from groundwater flow. None of the groundwater
samples collected from wells located west of the extended 200 West Area indicate that
carbon tetrachloride vapor is migrating westward offsite. All analyses to date have yielded
non-detect results. At this time, based on groundwater data, there is no indication that
carbon tetrachloride vapor is posing a threat to the public. This remedial action objective
will continue until both the vadose zone and the groundwater have been remediated.

Mitigate the threat to
the environment
caused by migration
of contaminants from
the soil into
groundwater

Initiation of the ERA was based on the assumption that contamination in the vadose zone
posed a continuing threat to groundwater and that if no expedited action were taken, the
groundwater quality would continue to degrade. This remedial action objective is
considered to be met when the carbon tetrachloride concentration gradient between the
vadose zone and groundwater indicates that the vadose zone contamination is no longer
degrading groundwater quality. The potential for transport of carbon tetrachloride between
the soil vapor and the groundwater was evaluated using Henry’s Law as a guideline.
Henry’s Law describes the equilibrium partitioning of a compound between the aqueous
and vapor phases.

Reduce the mass of
carbon tetrachloride in
the soil

Two distinct phases are commonly observed during in situ remediation projects. The first
phase is generally characterized by higher rates of mass removal while the readily available
volatile contaminant is being swept out of the higher permeability zones. With continued
extraction, concentrations decrease more slowly as the supply of volatile contaminant
becomes limited by desorption and diffusion of the contaminant from micropores and/or
lower permeability soil. In this second phase, diffusion controls contaminant migration.
The history of mass recovery using soil-vapor extraction at the carbon tetrachloride source
cribs reflects these two phases typical to soil-vapor extraction operations.

Although additional carbon tetrachloride can be recovered using soil-vapor extraction, the
rate of removal has been decreasing. The decline in the rate of removal can be attributed
primarily to diffusion-dominated extraction, but it has also been affected by the reduction
in soil-vapor extraction system capacity, the reduction in the yearly duration of extraction
operations, and potentially the continued use of the same airflow pathways established by
using the same set of extraction wells. Because of the reduction of carbon tetrachloride
mass in the soil, it is reasonable to conclude that the much higher percentage of extracted
mass has been removed from the larger pore spaces, contributing to achieving the remedial
action objective.

ERA = Expedited response action.
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Figure 2.5. Comparison of the Shallow Carbon Tetrachloride Plume Beneath 200 West Area, Top of the
Unconfined Aquifer

Initial Response. A pilot soil-vapor extraction system was tested at the 216-Z-1A tile field in April 1991.
Based on the results of this testing, a full-scale soil-vapor extraction system was installed and began
operating at the tile field in February 1992. This system originally had a design capacity of 14.2 cubic
meters (502 cubic feet) per minute but was upgraded to 28.3 cubic meters (999 cubic feet) per minute in
March 1993. Two additional systems, one with 42.5-cubic-meter (1,501-cubic-foot) per minute capacity
and the other with 14.2-cubic-meter (502-cubic-foot) per minute capacity, began operating in March 1993
at the 216-Z-9 trench. The carbon tetrachloride was captured on granulated activated carbon and sent off
site for regeneration.

There are currently 46 drilled wells available for soil-vapor extraction. Thirteen of these wells were
completed as vapor extraction wells with stainless steel casings and screens; one well at the north end of
trench 216-Z-9 was drilled at a 45-degree incline. Existing wells were adapted for vapor extraction by
perforating the well casings. Two of these wells were deepened in 2001 and completed with stainless
steel screens and casing that extend below the perforated intervals. The soil-vapor extraction system
extracts simultaneously from multiple wells that are open either above and/or below the less permeable
layer.

A rebound study was conducted throughout the carbon tetrachloride soil-vapor extraction sites in

FY 1997. The purpose of the study was to determine the increase in carbon tetrachloride vapor concen-
trations following temporary cessation of operations. Operation of all three soil-vapor extraction systems
was temporarily suspended in November 1996 and restarted in July 1997. All three systems continued to
operate through September 1997.
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Based on the results of the FY 1997 rebound study and the declining rate of carbon tetrachloride removal
during continuous extraction operations, the operating strategy was modified in FY 1998. Rather than
operating all three soil-vapor extraction systems continuously, only the 14.2-cubic-meter (502-cubic-foot)
per minute system was used for carbon tetrachloride removal during FY 1998, FY 1999, FY 2001,

FY 2002, FY 2003, FY 2004, and FY 2005. During each of these fiscal years, the system typically
operated from April through September alternately between the 216-Z-9 and the 216-Z-1A/Z-18 sites (for
approximately 3 months at each site) and was maintained in standby mode from October through March
to allow time for carbon tetrachloride vapor concentrations to rebound. The system was not operated in
the year 2000 while EPA and DOE investigated enhancements to the system. Beginning in FY 2003, the
28.3-cubic-meters (999-cubic-feet) per minute and 42.5-cubic-meter (1,501-cubic-foot) per minute soil-
vapor extraction systems were no longer maintained in standby mode and are being evaluated for the
potential to excess.

Progress Since Last Review. Since the last review significant progress has been made in the 200-PW-1
Operable Unit as described in the following paragraphs:

e Between 2000 and 20035, an additional 2,250 kilograms (4,961 pounds) of carbon tetrachloride was
removed from the vadose zone using the 14.2- cubic-meter (502-cubic-foot) per minute soil-vapor
extraction system. During this time, the passive systems have removed approximately 70 kilograms
(154 pounds) of carbon tetrachloride from the vadose zone near the groundwater. The total mass of
carbon tetrachloride removed (79,000 kilograms [174,165 pounds]) since 1991 (pilot test) represents
an estimated 9% to 14% of the original carbon tetrachloride inventory (570,000 to 920,000 kilo-
grams [1,256,633 to 2,028,250 pounds]) discharged to the soil column.

e During 2001, two existing wells (299-W15-84 and 299-W15-95) at the 216-Z-9 trench were
deepened and completed for use as vapor extraction wells. During 2005, two additional existing
wells (299-W15-8 and 299-W15-32) at the 216-Z-9 trench were configured for use with the soil-
vapor extraction system.

e During 2004, an additional soil-vapor extraction system was operated at the 218-W-4C burial ground
due to elevated concentrations of carbon tetrachloride detected at the east end of trench T-04 in this
burial ground during the remedial investigation for the 200-PW-1 Operable Unit. Operation of the
soil-vapor extraction system removed approximately 11 kilograms (24.25 pounds) of carbon
tetrachloride from the burial ground trench.

e During FY 2004 and FY 2005, a deep borehole was drilled south of the floor of the 216-Z-9 trench
to investigate the presence of dense, nonaqueous-phase liquid (DNAPL) carbon tetrachloride and to
collect other data needed to support the CERCLA remedial investigation/feasibility study process for
the 200-PW-1 and 200-ZP-1 Operable Units. Carbon tetrachloride was detected in the groundwater
at as high as 3,800 ppb. During drilling, relatively high concentrations (380,000 ppb) of carbon
tetrachloride were detected in a silt layer approximately 20 meters (65 feet) below ground surface.
Based on the concentration of carbon tetrachloride and the results of field screening tests for the
presence of DNAPL, the carbon tetrachloride may be present in a nonaqueous phase liquid.

In FY 2004, DOE awarded a contract to perform DNAPL carbon tetrachloride investigations within the
200-PW-1 and 200-ZP-1 Operable Units. Field investigations to date have included passive and active
soil gas surveys, depth-discrete groundwater sampling, FLUTe™ DNAPL ribbon sampling, vadose zone
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soil sampling using a cone penetrometer, push-pull soil vapor tests, and cross-well geophysical surveys.
The extent of the silt layer encountered at 20-meter (65-foot) depth is also being investigated.

e In April 2004, the remedial investigation/feasibility study work plan for the 200-PW-1 Operable Unit
was approved. The work plan includes the carbon tetrachloride remediation strategy. Between 2002
and 2005, much of the remedial investigation was completed.

e Carbon tetrachloride concentrations in the extracted soil vapor have decreased significantly at both
the 216-Z-1A/Z-18/Z-12 and 216-Z-9 well fields during operation of soil-vapor extraction.

e Between April 1991 (pilot test) and October 2004, 95.7 million cubic meters (125.2 million cubic
yards) of soil vapor were extracted and processed using the three systems. This volume was
extracted from two well fields, with 41.8 million cubic meters (54.7 million cubic yards) extracted
from the 216-Z-9 well field and 53.9 million cubic meters (70.5 million cubic yards) extracted from
the 216-Z-1A/Z-18/Z-12 well field.

e The 200-ZP-1 remedial investigation draft report to the regulators is expected by May 31, 2006, per
the TPA milestone, and it will have the DNAPL work incorporated into it.

Issues and Actions.

o Issue 17. Efficiency of the carbon tetrachloride remediation could be increased by increasing the use
of the 200-ZP-2 vapor extraction system. The soil-vapor extraction system is in limited operation.
Expanding the soil-vapor extraction operations should be evaluated.

— Action 17-1. Evaluate expanding the soil-vapor extraction operations. Also, specifically review
converting former groundwater extraction well 299-W15-32 to a soil-vapor extraction well.

24.1.8 200 Area Surveillance and Maintenance Program

DOE has established a waste site surveillance and maintenance program and an environmental monitoring
program that support DOE’s ability to maintain protectiveness from current conditions through the
remedial investigation phases and the completion of remedial actions. The 200 Area surveillance and
maintenance operations include surveillances on the waste sites that are inspected as often as three times a
year. The frequency depends on the specific waste site conditions related to erosion potential, vegetation
uptake potential, and biotic intrusion potential.

The surveillance and maintenance program makes certain a consistent process is in place to provide
appropriate physical controls to prevent intrusion into hazardous areas and maintain waste sites in a
stabilized condition that minimizes exposure to contamination. Physical controls such as postings,
markers, and barriers/fencing are maintained via the surveillance and maintenance program to prevent
potential exposure to contamination.

2.4.2 Environmental Restoration Disposal Facility (ERDF)

ERDF is a large, multi-cell CERCLA waste disposal facility located just southeast of the 200 West Area
on the Central Plateau. ERDF was constructed using a double liner and a leachate collection system that

CERCLA Five-Year Review 2.23 November 10, 2006



meet RCRA Subtitle C technical requirements. ERDF is used to dispose of hazardous/dangerous waste
and low-level radioactive waste, as well as mixed waste that meet, or have been treated to meet, land
disposal restrictions and ERDF waste acceptance criteria. CERCLA decision documents for the ERDF
are listed in Table 2.4.

Table 2.4. Decision Documents for Environmental Restoration Disposal Facility

Decision Document Date
ROD Signature 1/20/95
Expansion ROD Amendment 9/30/97
Delisting ROD Amendment 3/23/99
Second Expansion ROD Amendment 1/31/02

In January 1995, the Tri-Parties signed a CERCLA ROD (EPA 1995b) authorizing the construction of
ERDEF to provide waste disposal capacity for cleanup of contaminated areas on the Hanford Site. The
ERDF ROD provides the overall plan for construction of the facility and disposal of remediation waste
from the Hanford Site.

A subsequent explanation of significant difference to the ERDF ROD was issued in July 1996 (EPA
1996a). The explanation of significant difference allows for the disposal of investigation-derived waste;
D&D waste; waste from RCRA past-practice operable units and closures; and non-RCRA waste from
inactive treatment, storage, and disposal facilities. The explanation of significant difference also
authorized the conditional use of ERDF leachate for dust suppression and waste compaction.

Three ROD amendments have been issued for ERDF. The first amendment was issued in October 1997
(EPA 1997b) to authorize expansion of the facility by constructing two new disposal cells and to allow
for limited waste treatment at the ERDF. The second amendment (EPA 1999b) was issued in March

1999 authorizing the delisting of ERDF leachate. Delisting the ERDF leachate was done to allow for
implementation of more cost-effective and appropriate leachate handling techniques. The basis for the
delisting was leachate analytical results that showed no significant level of contaminants to be present.
The third amendment (EPA 2002), signed on January 31, 2002, authorized the second ERDF expansion to
disposal cells 5 through 8, and allowed the staging of remediation waste at the ERDF while awaiting
treatment.

Since beginning operation on July 1, 1996, more than 5.4 million metric tons (6 million tons) of reme-
diation waste has been disposed at ERDF. Approximately 31.4 million liters (6.9 million gallons) of
ERDEF leachate have been treated or recycled, and approximately 27,124.8 metric tons (29,900 tons) of
waste has been treated at ERDF prior to disposal. The two initial disposal cells reached their operational
capacity in August 2000 and an interim cover has been installed. Four additional disposal cells have been
constructed, all of which have been placed into operation.

243 Groundwater Operable Units
The 200 Area Groundwater Operable Units are depicted in Figure 2.3. Numerous sources of liquid waste

discharges have existed in the 200 Areas since the inception of activities on the Hanford Site in 1945.
Low-level waste was disposed to open trenches and ponds and later flushed with fresh water.
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24.3.1 200-ZP-1 Operable Unit

The contamination in the 200-ZP-1 Groundwater Operable Units lies in a thick sequence of gravels,
sands, and silts that overlays the basalt bedrock and sedimentary interbeds. Figure 2.6 illustrates the
conceptual geologic and hydrogeologic columns of the major stratigraphic units.

Depth to the water table below the 200 Areas ranges from approximately 50 meters (165 feet) near the
southwest corner of the REDOX (S) Plant source area to more than 80 meters (262 feet) near the
southeast corner of the T Plant source area.

The groundwater monitoring plumes of greatest concern in the 200-ZP-1 Operable Unit are carbon
tetrachloride and technetium-99. Other contaminants that are known to be present in concentrations
exceeding drinking water standards include trichloroethene, iodine-129, hexavalent chromium, tritium,
and nitrate.

History of Contamination. The primary potential sources of groundwater contamination in the 200-ZP-1
Operable Unit include T Plant, PFP (Z Plant), and support facilities associated with these plants such as
cribs and trenches; T, TX, and TY Tank Farms; and the Z-1A tile field. The following section provides a
summary of the history of waste discharges associated with each of these sources, along with details on
the installation of a pump-and-treat system to serve as an interim remedial action. Table 2.5 lists the
major potential sources of groundwater contamination at the 200-ZP-1 Operable Unit.

Basis of Action. The basis for this interim action within the 200-ZP-1 Groundwater Operable Unit is that
carbon tetrachloride and several other contaminants of concern are present in concentrations exceeding

corresponding drinking water standards and interim remedial action objectives specified in the interim
ROD.

Remedial Action Chronology. The 200-ZP-1 Operable Unit includes groundwater contamination from
sources in the north portion of the 200 West Area. The pump-and-treat system for this operable unit,
located north of PFP, was implemented as an interim action to prevent further movement of carbon
tetrachloride groundwater contamination from the high-concentration portion of the carbon tetrachloride
plume and to reduce contaminant mass. The other contaminants of concern in the ROD (EPA 1995c¢) are
chloroform and trich1oroethene.

Remedial investigation/feasibility study complete May 24, 1995
Interim action ROD signature April 24, 1995
Remedial design start June 7, 1995
Remedial design complete July 23, 1996
Actual remedial action start August 26, 1996
Remedial Investigation/Feasibility Study Work Plan October 4, 2004
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Figure 2.6. Generalized Geologic and Hydrogeologic Column for 200-ZP-1 Groundwater Operable Unit
Remedial action objectives for this project are as follows:

e Prevent further movement of contaminants from the highest concentration area of the plume (2,000
to 3,000 ppb carbon tetrachloride contour interval).

e Reduce contamination in the area of highest concentration of carbon tetrachloride.

e Provide information that will lead to the development of a final remedy that will be protective of
human health and the environment.
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Table 2.5. Potential Sources of Groundwater Contamination at the 200-ZP-1 Operable Unit

Potential Source of Contamination Potential Contaminants from Source Area

216-S-25 Crib Uranium

216-T-7 Crib Chromium (total), technetium-99

216-T-25 Trench Technetium-99

216-T-26 Crib Todine-129, nitrate, technetium-99

216-T-28 Crib Iodine-129, nitrate, technetium-99

216-T-32 Crib Chromium (total), technetium-99

216-Z-1A tile field Carbon tetrachloride, chloroform, trichloroethene,
nitrate

216-Z-9 Trench Carbon tetrachloride, chloroform, trichloroethene,
nitrate

216-Z-18 Crib Carbon tetrachloride, chloroform, trichloroethene,
nitrate

218-W-4C Site Cadmium

Agricultural activities upgradient from Hanford Site Nitrate

T, TX, TY Tank Farms Chloroform, trichloroethene, technetium-99, tritium,
fluoride

T Plant Uranium, tritium

T Evaporator Tritium

T Plant disposal facilities (miscellaneous) Tritium

Z Plant BP WIDS Site Cadmium

In addition to the remedial action objectives listed previously, the interim ROD also required DOE to
investigate the potential for carbon tetrachloride as DNAPL and, if confirmed, take appropriate remedial
actions.

The pump-and-treat system and operations were implemented in a three-phased approach. In FY 2004,
DOE awarded a separate contract to perform DNAPL investigations within the 200-PW-1 and 200-ZP-1
Operable Units. Field investigations performed to date have included passive and active soil gas
surveying, depth-discrete groundwater sampling, FLUTe™ DNAPL ribbon sampling, cone penetrometer
work, push-pull tests, thermal measurements, collecting sediment samples from the Cold Creek Unit, and
surface and cross-well geophysical surveys.

Initial Response. The 200-ZP-1 pump-and-treat was implemented in a three-phased approach. The
following paragraphs describe the three-phased response that was taken to respond to the 200-ZP-1
groundwater contamination.

Phase I operations consisted of the pilot-scale treatability test between August 29, 1994, and July 19,
1996, around the 216-Z-12 crib. During this phase, contaminated groundwater was removed through a
single extraction well at a rate of approximately 151 liters (40 gallons) per minute, treated using
granulated activated carbon and then returned to the aquifer through an injection well. Concurrent with
Phase I operations, the Declaration of the Interim Record of Decision for the 200-ZP-1 Operable Unit
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was issued in June 1995. The selected remedy was to use groundwater pump-and-treat technology to
minimize further migration of carbon tetrachloride, chloroform, and trichloroethene in the groundwater
and remove mass.

Phase II operations commenced August 5, 1996, in accordance with the interim action ROD. The well
field configuration during Phase II operations consisted of three extraction wells pumping at a combined
rate of approximately 567.8 liters (150 gallons) per minute and a single injection well. Groundwater was
treated using an air stripper to release carbon tetrachloride into a vapor phase, and granulated activated
carbon was used to collect the vapor. Phase II operations were terminated on August 8, 1997, to
transition to Phase III operations.

Phase III operations began on August 29, 1997. The well field for Phase III operations was expanded to
include six extraction wells and five injection wells. The total pumping rate was increased to more than
800 liters (+200 gallons) per minute, versus a total treatment system capacity of 1,893 liters (500 gallons)
per minute. The treatment process for the Phase III system uses the same air-stripping and granulated
activated carbon systems used in Phase II. Extraction wells were installed to contain the high-
concentration portion of the carbon tetrachloride plume located near PFP, as required by the interim
action ROD. The southernmost extraction well was converted to a monitoring well in January 2001
because of its limited impact on hydraulic capture of the high-concentration portion of the plume. In
2004, two additional extraction wells were brought online to replace extraction wells that were no longer
producing adequate flow. In July 2005, four additional extraction wells were brought online to capture
the north lobe of the 2,000 pg/L carbon tetrachloride contour.

Progress Since Last Review. The following progress has been made in the 200-ZP-1 Groundwater
Operable Unit since the last review.

1. Within the 200-ZP-1 Operable Unit, the carbon tetrachloride plume has been significantly influenced
by pump-and-treat operations. Since June 1996, the 4,000-j1g/L contour of the carbon tetrachloride
plume has been reduced to less than half of its original size and has been pulled 305 meters
(1,000 feet) to the north where it now effectively remains within the capture zone of a single
extraction well (299-W15-34). The carbon tetrachloride concentrations in this high concentration
portion of the plume continue to decline as a result of soil-vapor extraction and groundwater pump-
and-treat.

2. Inresponse to First Five-Year Review Action Item 200-2, DOE continued to investigate DNAPL
detection technologies. Some of the more innovative technologies that were investigated include
FLUTeTM DNAPL ribbon sampling, cone penetrometer sampling methods, push-pull tests, thermal
measurements, and surface and cross-well geophysical surveys.

3. Inresponse to First Five-Year Review Action Item 200-3, groundwater monitoring well 299-W15-42
was installed within the high-concentration area of the carbon tetrachloride plume near the PFP. The
information gathered during the drilling of this well was used to support the CERCLA remedial
investigation/feasibility study process and DNAPL investigations.

4. Inresponse to First Five-Year Review Action Item 200-4, in FY 2002 and FY 2003 the EPA’s data
quality objectives process was used to establish a comprehensive groundwater monitoring network
for the entire 200 West Area including the 200-ZP-1 Operable Unit. This network integrated the
monitoring requirements of RCRA, CERCLA, and the Afomic Energy Act (AEA). This integrated
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monitoring network was more recently incorporated into a sampling and analysis plan that is attached
to the 200-ZP-1 remedial investigation/feasibility study work plan (DOE 2003d).

5. Following the integration of the RCRA/CERCLA/AEA groundwater monitoring requirement, the
data quality objectives process was used to identify missing data needed to support the 200-ZP-1
CERCLA remedial investigation/feasibility study process. The results from this process were then
used to support the preparation of a remedial investigation/feasibility study work plan for the
200-ZP-1 Operable Unit (DOE 2003d).

6. DNAPL investigation work performed to date have included passive and active soil gas surveying,
depth-discrete groundwater sampling, FLUTe™ DNAPL ribbon sampling, cone penetrometer work,
push-pull tests, thermal measurements, collecting sediment samples from the Cold Creek Unit, and
surface and cross-well geophysical surveys.

7. To assist the DNAPL investigation and to collect other data needed to support the CERCLA remedial
investigation/feasibility study process, one deep borehole just south of the Z-9 trench was drilled and
sampled. This borehole was drilled to a depth of 160 meters (525 feet) below ground surface where
basalt was encountered. While this well was originally planned to be completed as a vapor extraction
well, the relatively high concentrations of carbon tetrachloride detected in the groundwater justified
completing it as a groundwater monitoring well. A nearby well was converted to a vapor extraction
well.

8. Since the performance of two of five groundwater extraction wells began to drop off significantly
over time, these wells were replaced in FY 2004 by new extraction wells. This replacement boosted
groundwater pumping rates from approximately 568 liters (125 gallons) per minute to close to
909 liters (200 gallons) per minute. In July 2005, four additional groundwater wells were converted
to extraction wells after it was determined from new characterization data that the 2,000 pg/L carbon
tetrachloride plume extends farther to the north than originally understood. These four additional
extraction wells are expected to provide the capacity needed to contain this part of the plume, and
have increased the 200-ZP-1 groundwater pumping rates to approximately 1,591 liters (350 gallons)
per minute.

9. Table 2.6 presents a list of all of the groundwater monitoring wells that have been installed in the
200-ZP-1 Operable Unit since the last five-year review. The majority of these wells were drilled and
installed to fulfill both CERCLA characterization and RCRA monitoring needs. However, two of
these wells were replacement extraction wells. Figure 2.4 shows the carbon tetrachloride plume
beneath 200 West Area.

Technical Assessment Summary

1. Peak carbon tetrachloride concentrations (>4,000 ppb) in the heart of the shallow portion of the plume
continue to decline as the soil-vapor extraction and groundwater pump-and-treat systems continue to
remove contamination.

2. The size of the carbon tetrachioride groundwater plume within the 2,000-ppb contour continues to
expand to the north outside of the influence of the existing pump-and-treat extraction system. The
ongoing expansion of the extraction well network should provide the capacity needed to contain this
part of the plume.
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Table 2.6. 200-ZP-1 Wells Installed Between FY 2001 and FY 2005

‘Well Number Well ID Monitoring Area
299-W15-46 C3426 200-ZP-1 Remedial Investigation
299-W15-49 C4301 200-ZP-1 Remedial Investigation
299-W15-50 C4302 200-ZP-1 Remedial Investigation
299-W18-16 C4303 200-ZP-1 Remedial Investigation
299-W11-46 C4950 T Farm
299-W14-11 C4668 TX-TY Tank Farms

299-W13-1 C4238 200-ZP-1 Remedial Investigation
299-W17-1 C4237 200-ZP-1 Remedial Investigation
299-W15-47 C4184 200-ZP-1 Replacement Extraction Well #4
299-W15-49 C4301 200-ZP-1 Remedial Investigation
299-W15-50 C4302 200-ZP-1 Remedial Investigation
299-W15-45 C4119 200-ZP-1 Replacement Extraction Well #1
299-W14-11 C4668 TX Tank Farm
299-W15-43 C3955 200-ZP-1 Remedial Investigation
299-W14-19 C3957 TX-TY Tank Farm
299-W15-44 C3956 TX-TY Tank Farm
299-W11-39 C3117 T Tank Farm
299-W11-40 C3118 T Tank Farm
299-W10-28 C3400 T Tank Farm
299-W14-16 C3120 TX-TY Tank Farm
299-W14-17 C3121 TX-TY Tank Farm
299-W14-18 C3396 TX-TY Tank Farm

299-W15-763 €3339 TX-TY Tank Farm

299-W15-765 €3397 TX-TY Tank Farm
299-W10-27 C3125 TX-TY Tank Farm

3. Recent discoveries of elevated technetium-99 and carbon tetrachloride at depth within the 200 West

Area suggest that dramatic changes in the water-table elevation over the last sixty years of operations
have caused these contaminants to be spread vertically within the unconfined aquifer at greater
distance from the source area than previously anticipated.

. A greater percentage of the carbon tetrachloride inventory is likely to be present in the unconfined
aquifer due to the much greater depth of contamination and the potentially much larger volume of
contaminated groundwater. Additional characterization activities continues and a revised carbon
tetrachloride inventory will be discussed in the remedial investigation report.

. Soil-vapor extraction represents a more cost effective method of mass reduction for carbon tetra-
chloride compared to the subsurface than the pump-and-treat system. Consideration should be given
to operate soil-vapor extraction for a longer duration each year or returning the system to continuous

operation.
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Further information regarding the performance of the groundwater pump-and-treatment systems can
found in the annual summary report (DOE 2005f).

Issues and Actions.

e Issue 13. There is less than adequate deep groundwater monitoring data downgradient of T Tank
Farm to define the nature and extent of technetium-99 contamination. Further characterize the
technetium-99 groundwater plume near T Tank Farm.

— Action 13-1. Complete a data quality objective process and sampling plan to further characterize
the technetium-99 groundwater plume near T Tank Farm.

e Issue 14. The recent expansion of the 200-ZP-1 extraction well network near the TX-TY Tank Farm
may result in technetium-99 contamination being pulled into the 200-ZP-1 treatment system.
Treatment options for groundwater contaminated with technetium-99 need to be assessed.

— Action 14-1. Assess treatment options to address technetium-99 near T Tank Farm.

» Issue 16. Efficiency and effectiveness of the 200-ZP-1 pump-and-treat system could be increased by
increasing the pumping rate to fully utilize the treatment capacity.

— Action 16-1. Increase the pump size in 200-ZP-1 extractions wells 299-W15-45 and
299-W15-47 if well configuration will support a higher flow rate.

— Action 16-2. Initiate the expanded 200-ZP-1 pump-and-treat system to accelerate meeting the
remedial action objectives.

24.3.2 200-UP-1 Operable Unit

The contamination in the 200-UP-1 Groundwater Operable Units lies in a thick sequence of gravels,
sands, and silts that overlays the basalt bedrock and sedimentary interbeds. The geology of the 200-UP-1
Operable Unit is described in detail in the 200 West groundwater aggregate area management study
report. Figure 2.5 illustrates the conceptual geologic and hydrogeologic columns of the major strati-
graphic units.

History of Contamination. Numerous sources of liquid waste discharges have existed in the 200 Areas
since the inception of activities on the Hanford Site in 1945. Low-level waste was disposed to open
trenches and ponds and later flushed with fresh water.

The basis for taking action within the 200-UP-1 Groundwater Operable Unit is that multiple contaminants
(e.g., technetium-99, uranium, carbon tetrachloride) are present in concentrations exceeding corre-
sponding drinking water standards. Also until recently, concentrations of technetium-99 and uranium in
the vicinity of U Plant exceeded interim remedial action objectives specified in the interim ROD (EPA
1997d). The 200-UP-1 Operable Unit contamination resulted from discharges to five primary liquid
waste disposal sites. The principal contaminants of concern in the waste streams were uranium and
technetium-99. Secondary contaminants were carbon tetrachloride, nitrate, chromium, trichloroethylene,
tritium, and iodine-129. These contaminants were discharged within high volumes of water and resulted
in large plumes of contamination. The groundwater monitoring plumes of greatest concern in the
200-UP-1 Operable Unit is that of technetium-99, uranium, and carbon tetrachloride. Other contaminants
that are known to be present in concentrations exceeding drinking water standards include trichloro-
ethene, iodine-129, hexavalent chromium, tritium, and nitrate.
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Remedial Action Chronology. The interim action in the 1997 ROD (DOE 1997) involved removing the
primary contaminants of uranium and technetium-99 and secondary contaminants of nitrate and carbon
tetrachloride. The process involves pumping the groundwater from the operable unit, piping the ground-
water to the 200 Area Effluent Treatment Facility located in the 200 East Area for treatment, and then
discharging the treated groundwater to the State-Approved Land Disposal Site north of the 200 West
Area.

Interim remedial investigation/feasibility study complete February 24, 1997

ROD signature February 24, 1997
Remedial design start February 24, 1997
Remedial design complete November 19, 1997

The remedial action objectives include the following

e Reduce contamination in the areas of highest concentration of uranium and technetium-99 to below
10 times the cleanup level (i.e., below 480 pg/L) for uranium, and to below 10 times the maximum
contaminant level (i.e., below 9,000 pCi/L) for technetium-99.

e Reduce potential adverse human health risks through reduction of contaminant mass.
e Prevent further movement of these contaminants from the highest concentration area.

e Provide information that will lead to the development and implementation of a final remedy that will
be protective of human health and the environment.

Initial Response. Following completion of a pilot test, pump-and-treat operations commenced
September 25, 1995, and continued until February 7, 1997, using the onsite plant and single new
extraction and injection wells. Groundwater was extracted at a rate of 189.3 liters (50 gallons) per
minute.

On February 25, 1997, the Record of Decision for the 200-UP-1 Interim Remedial Measure (EPA 1997d)
was issued for 200-UP-1 Operable Unit pump-and-treat operations. The selected remedy consisted of
pumping from the highest concentration zone of the uranium and technetium-99 groundwater plumes and
routing the groundwater to the Effluent Treatment Facility in the 200 East Area for treatment.

The selected remedy section of the 200-UP-1 interim action ROD established the high-concentration zone
for technetium-99 as the area contained within the 9,000-pCi/L contour, equal to 10 times the 900-pCi/L
maximum contaminant level. For uranium, the selected remedy’s high concentration zone was a contour
set at 480 pg/L, which was 10 times the then-cleanup level of 48 pg/L. In FY 2004, the standard was
lowered to 30 pg/L; however, the interim action ROD was not modified to reflect the lower maximum
contaminant level. It should be noted that these “10 times maximum contaminant level” remediation
action objectives were not risk-based.

Beginning on March 31, 1997, contaminated groundwater has been transported 11.3 kilometers (7 miles)
through a pipeline from the extraction wells in the 200 West Area to the Effluent Treatment Facility for
treatment. After treatment, groundwater is discharged to the State-Approved Land Disposal Site, located
north of the 200 West Area.
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Over time, declines in water-table elevation at 200-UP-1 Operable Unit have reduced the volume of water
produced by extraction wells. As a result, different wells have been used and pumping continued through
January 25, 2005.

Progress Since Last Review. The following progress has been made in the 200-UP-1 Operable Unit since
the last review.

The 200-UP-1 pump-and-treat system was expanded to allow the 189.3 liters (50 gallons) per minute
pumping requirement specified in the interim ROD to be achieved. Also, 3,785.4 liters (1,000 gallons) of
water is being pumped out of well 299-W23-19 on a quarterly basis for disposal due to its high tech-
netium levels (exceeding 100,000 pCi/L). Ecology directed the 3,785.4 liter (1,000 gallon) pumping as
an interim measure for contamination from the S-SX Tank Farm, and the pumping complements the
200-UP-1 pump-and-treat interim action.

A comprehensive groundwater monitoring network was established for the entire 200 West Area. This
network integrated the monitoring requirements of RCRA, CERCLA, and AEA (DOE 2004e).

Technical Assessment Summary. Missing data needs to support the 200-UP-1 CERCLA remedial
investigation/feasibility study processes have been identified.

In September 2004, a report was published that presents a geochemical model for uranium transport in the
unsaturated and saturated sediments in the 200 West Area. The results from this study will be used to
help support the screening of remedial alternatives in the feasibility study.

After the interim remedial action objectives for technetium-99 and uranium had been achieved along with
a one-year average pumping rate of 189.3 liters (50 gallons) per minute, the extraction wells were turned
off January 26, 2005, to begin a one-year rebound study. This study is currently ongoing.

Table 2.7 presents a list of all of the groundwater monitoring wells that have been installed in the
200-UP-1 Operable Unit since the last five-year review. These wells were drilled and installed to fulfill
both CERCLA characterization and RCRA monitoring needs.

Pump-and-treat technology has been effective in reducing the concentrations of uranium and
technetium-99 in the plume south of U Plant to less than ten times the maximum contaminant level as
established when the ROD was written, although the uranium took much longer to meet the objective than
previously predicted. The periodic evaluation of the rebound study showed gradual increase of uranium
in certain wells and is currently less than ten times above the remedial action objective of 480 pg/L. Itis
noted that the maximum contaminant level of uranium was lowered from 48 pg/L to 30 pg/L after the
ROD for interim action was issued and current uranium concentration exceeds ten times this standard.
The final cleanup standard for technetium-99 and uranium will be established through the CERCLA
process.

In the absence of source control remedies, contaminants are expected to migrate from the vadose zone
into the groundwater. Source controls are needed to ensure concentrations of technetium-99, uranium,
and other contaminants continue to decline.
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Carbon tetrachloride concentrations migrating into certain portions of 200-UP-1 Operable Unit continue
to rise and now represent an increasing risk to groundwater in addition to the primary contaminants of
concern. Remediation of the carbon tetrachloride is planned to be performed as part of the 200-ZP-1
Operable Unit.

Table 2.7. 200-UP-1 Wells Installed Between FY 2001 and FY 2005

Well Number - Well ID Project
FY 2005 ‘
299-W19-48 C4300 200-UP-1 Remedial Investigation
299-W21-2 C4639 200-UP-1 Remedial Investigation
699-30-66 C4298 200-UP-1 Remedial Investigation
699-36-70B C4299 200-UP-1 Remedial Investigation
299-W22-47 C4667 S-SX Tank Farms
FY 2004 . '
699-38-70B C4236 200-UP-1 Remedial Investigation
699-38-70C C4256 200-UP-1 Remedial Investigation
699-40-65 C4235 200-UP-1 Remedial Investigation
299-W19-47 C4258 U Tank Farm
FY 2003 .
299-W26-14 | B8828 | 216-5-10 Ditch
FY 2002 , ;
299-W19-46 | C3958 | 200-UP-1 Remedial Investigation
FY 2001 . '
299-W19-43 C3381 200-UP-1 Remedial Investigation
299-W22-84 C3398 S Tank Farm
299-W22-81 C3123 SX Tank Farm
299-W22-82 C3124 SX Tank Farm
299-W22-83 C3126 SX Tank Farm
299-W22-85 C3399 SX Tank Farm
299-W23-21 - C3113 SX Tank Farm
699-13-0A C3256 Tritium Investigation
699-13-1E C3798 Tritium Investigation
699-13-2D C3254 Tritium Investigation
699-12-2C C3253 Tritium Investigation
299-W18-40 C3395 U Tank Farm
299-W19-44 C3393 U Tank Farm
299-W19-45 C3394 U Tank Farm

Further information regarding the performance of the groundwater pump-and-treatment systems can
found in the annual summary report (DOE 2005f).

Issues and Actions.

e Issue 18. The remedial action objective for uranium was based upon the Washington State Model
Toxics Control Act (MTCA) cleanup standard of 48 ppb when the 200-UP-1 Interim ROD was issued.
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Since this time, EPA has established a drinking water standard for uranium of 30 ppb. There are also
some other issues to be addressed within the ROD if an explanation of significant difference is
prepared. These include the limited quarterly pumping requirement at well 299-W23-19, adjusting
the pumping requirement for 200-UP-1 due to limited flow within the extraction well network, and
technetium-99 groundwater contamination at other locations within the operable unit.

— Action 18-1. Work with Ecology to prepare an explanation of significant difference for the
200-UP-1 ROD for interim action.

2.4.3.3 200-PO-1 Operable Unit

History of Contamination. The 200-PO-1 Operable Unit was investigated in 1992 as part of study of the
entire 200 East Area groundwater system. Contaminants present in the 200-PO-1 Groundwater Operable
Unit in the 200 East Area of the Hanford Site originated from historical liquid waste disposal during
operations of the PUREX Plant and B-Plant in the 200 East Area. The liquid discharges are the product
of chemical processing activities, which resulted in disposal of radionuclides, heavy metals, and organic
solvents directly to the soil column via cribs, trenches, and ponds. Due to the high volume of discharge,
some of the constituents have impacted the groundwater in the 200 East Area. The contaminants
identified that exceed groundwater quality criteria include arsenic, chromium, iodine-129, manganese,
strontium-90, tritium, vanadium, and nitrate. Tritium and iodine-129 are the principal contaminants of
concern because of their high mobility and the large area of the aquifer that is above the maximum
contaminant level.

The tritium plume covers approximately 190 square kilometers (73 square miles). The plume has reached
the Columbia River, and the concentration at the riverbank is greater than the drinking water standard of
20,000 pCi/L. At ariverbank spring near the Hanford town site, the average tritium concentration is
142,000 pCi/L.

The iodine-129 plume is large, covering approximately 75 square kilometers (29 square miles), and
diffuse, with areas of higher activity located near the original disposal sites. The highest groundwater
concentration for the 200 East Area plume is 12.4 pCi/L. The drinking water standard is 1 pCi/L.

There has been a general decline of the iodine-129 concentration, due mainly to natural attenuation
through plume movement. The iodine-129 will continue to move toward the river; however, dispersion
and mixing will further reduce concentrations.

There is currently no decision document in place for this operable unit, and at this time there are no viable
technologies to remediate the tritium or iodine-129 plumes. Monitoring data for this operable unit is
currently presented in an annual groundwater report produced by the Pacific Northwest National
Laboratory for DOE. The following conditions exist at the operable unit:

e The ability to describe groundwater flow directions in the southeastern portion of the 200 East Area
is limited due to a low hydraulic gradient.

e Tritium, nitrate, and iodine-129 remain as major plumes.
e The areal extent of the large tritium plume is similar to what it was in 1996, but the most

concentrated portions are shifting to the east toward the Columbia River.
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The large nitrate plume has dispersed in downgradient areas, but small, isolated areas remain where
the concentration is above the 45-mg/L drinking water standard. Concentrations near the PUREX
cribs (the most likely source for the large nitrate plume) are rising in some wells and decreasing in
others.

Iodine-129 contamination in groundwater moves very slowly. The large iodine-129 plume
(>1 pCi/L, the drinking water standard) has changed very little since 1996.

Technetium-99 groundwater contamination at Waste Management Area A-AX exceeds the drinking
water standard (900 pCi/L) in one well, although its trend is decreasing in that well.

Strontium-90 groundwater contamination remains above the drinking water standard (8 pCi/L) at one
well at the 216-A-36B crib, and the trend is increasing slightly in that well.

Progress Since Last Review. Since the last five-year review, the following progress has been made:

Conducted a data quality objectives process (dated September 2002 — PNNL-14049); then developed
the Groundwater Sampling and Analysis Plan for the 200-PO-1 Operable Unit (DOE 2003).

Revised the sampling and analysis plan.

Installed 14 monitoring wells and 15 river aquifer tubes at 6 sites between 1996 and 2005.

Technical Assessment Summary. A 1996 report investigated the feasibility of remediation of iodine-129
at the Hanford Site. Review of the technical literature and contacts with groundwater equipment manu-
facturers produced no case study information on attempts to remediate groundwater contaminated with
iodine-129. Groundwater extraction and treatment with ion exchange, activated carbon, reverse osmosis,
or precipitation technologies have theoretical potential for the removal of iodine-129 contamination;
however, the ability to treat groundwater to the low concentrations required to reintroduce the treated
effluent to the aquifer has not been demonstrated. Remediation of contaminated groundwater in the
200-PO-1 Operable Unit has not been evaluated since the Corrective Measures Study was prepared in
1996. However, some activity has occurred, as described below:

Because this operable unit is designated as a RCRA past-practice operable unit, a RCRA corrective
measures study was prepared (and approved) in 1996.

A draft permit modification was prepared by DOE in 1997 and submitted to Ecology, but was not
incorporated in the Hanford Facility RCRA Permit.

The recommended action in the draft permit modification was continued monitoring and institutional
controls for iodine-129 and tritium.

Since the draft permit modification was submitted there have been several technical and non-
technical developments that potentially impact recommendations for the 200-PO-1 Operable Unit:

— Both EPA and DOE have released guidance documents for developing monitored natural
attenuation remedies.
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— EPA has released guidance on institutional controls.

— DOE has prepared and submitted TPA-required reports on the available technologies to treat
tritium (M-26) and iodine.

— Continued monitoring and characterization of the groundwater and vadose zone have contributed
to a better conceptual site model of the sources and migration of contamination overlying and
within the 200-PO-1 Operable Unit.

The groundwater “divide” under the B Pond, that originally distinguished between the 200-PO-1 and
200-BP-5 Operable Units, is being investigated as part of the 200-BP-5 and 200-PO-1 characterization
effort.

The assessment of protectiveness is based on groundwater monitoring results since then. Monitoring data
have indicated that the areal extent of the three major plumes greater than drinking water standards has
not changed very much since 1996, but the portion of the tritium plume with the highest concentration has
moved eastward greatly reducing the concentration in the central portion of the plume. Contamination
has migrated to the Columbia River from earlier (before 1996) waste releases. The concentrations of the
three major plumes near their sources at the PUREX cribs have not changed significantly since 1996. A
newly installed well (2003) near the A-AX Single-Shell Tank Farms has shown increased levels of
technetium-99, and the single well at the PUREX cribs with elevated levels of strontium-90 has shown a
slightly increasing trend since 1996. No other recent increases in groundwater contamination have
occurred.

The 1998 Screening Assessment and Requirements for a Comprehensive Assessment (DOE 1998)
concluded that there is no current adverse impacts to human health or ecological receptors from either
tritium or iodine-129.

The uncertainty in the extent and mobility of vadose zone contamination has the potential to influence
cleanup decisions. Vadose zone contamination under Waste Management Area A-AX, PUREX cribs, and
B/C cribs will continue to be characterized and evaluated to reduce uncertainty and make cleanup
decisions as progress continues under the various remedial investigation/feasibility study activities for
near-surface sources and the RFI/CMS activities for the tank farms.

Issues and Actions. No issues or actions specific to the 200-PO-1 Operable Unit were identified.
2.4.34 200-BP-5 Operable Unit

The 200-BP-5 Operable Unit includes the groundwater beneath the north part of the 200 East Area as
shown in Figure 2.3. Technetium-99 is the contaminant of greatest concern due to its broad areal
distribution and its mobility. The 200-BP-5 Operable Unit includes several CERCLA units (the 216-B-5
reverse well, BY cribs, and Gable Mountain pond). There are also five facilities with the operable unit
that have groundwater monitoring requirements under RCRA and AEA (Waste Management Area
B-BX-BY, 216-B-63 trench, Low-Level Waste Management Areas 1 and 2, Liquid Effluent Retention
Facility, Waste Management Area C). There is no active groundwater remediation in this operable unit,
and no final remediation decision has been made regarding this operable unit.
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This operable unit was included in the previous five-year review, but only in regard to an action to
develop a monitoring well network. The locations of the 600 Area monitoring wells are shown in
Figure 2.7. The locations of 200 Area monitoring wells, 200-BP-5 Operable Unit, and selected waste
sites are shown in Figure 2.8.

History of Contamination. Contaminants of concern identified for the 200-BP-5 Operable Unit include
technetium-99, cobalt-60, cyanide, uranium, nitrate, cesium-137, strontium-90, iodine-129, tritium, and
plutonium-239/240. Tritium, iodine-129, and nitrate have multiple sources within 200 East Area,
including large discharges from facilities associated with the PUREX Plant processes (located in the
200-PO-1 Operable Unit). During disposal of these large discharges, contamination from these facilities
likely extended throughout the 200 East Area, including the 200-BP-5 Operable Unit. It is difficult to
differentiate the initial sources and current distribution of earlier plumes of tritium, iodine-129, and nitrate
in 200 East Area. The FY 2004 plume areas in the 200-BP-5 Operable Unit with contaminant
concentrations above the drinking water standard are shown in Table 2.8.

The small differences in water-table elevation across the 200 East Area portion of the operable unit make
it difficult to determine the direction of groundwater flow from water-table maps. Groundwater currently
entering the 200 East Area from the west divides and flows to the Columbia River along two separate
paths: one to the southeast and one to the northwest though Gable Gap. The water table has been
generally declining following the decrease in liquid effluent discharges to the soil in the 200 East Area.
The ability to describe current flow characteristics, however, is limited owing to the low hydraulic
gradients present. The extent of the basalt units above the water table also continues to increase due to
the declining water table.

The upper basalt-confined aquifer is also monitored in the 200-BP-5 Operable Unit because of the
potential for migration of contaminants from the overlying unconfined aquifer. The basalt north of the
200 East Area was eroded by late Pleistocene flooding, which may facilitate aquifer intercommunication.
Discharge to overlying or underlying aquifers in the vicinity of the Gable Butte/Gable Mountain structural
area, for example, may occur through erosional windows in the basalt where removal of the Elephant
Mountain basalt has left a region of intercommunication between the Rattlesnake Ridge interbed aquifer
and the unconfined aquifer.
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Figure 2.7. Location of 200-BP-5 Operable Unit Groundwater Monitoring Wells Located in the 200 Area
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Table 2.8. FY 2004 Plume Areas for Major 200-BP-5 Operable Unit Contaminants

Plume Area Above Drinking Water

Standards

Contaminant km’ (mi’)
Iodine-129 3.49 (1.35)
Nitrate 5.08 (1.96)
Strontium-90 0.72 (0.28)
Technetium-99 2.18(0.84)
Tritium 3.44 (1.33)
Uranium 0.19 (0.07)

Remedial Action Chronology. Activities were undertaken in 1995 in the 200-BP-5 Operable Unit to
evaluate the remediation of groundwater contamination. The 200-BP-5 Operable Unit Treatability Test
Report summarized the performance of pilot-scale treatability tests conducted to assess the ability of an
aboveground pump-and-treat system to extract and treat groundwater from the B-5 reverse well and
BY cribs plumes. The aquifer conditions in the area impacted by the test did not allow meaningful
removal of contaminants from the aquifer to justify continuation of treatability test operations. In 1995,
200-BP-5 Operable Unit was removed from the accelerated interim remedial measures pathway for
groundwater cleanup, and monitoring has continued under an integrated site-wide monitoring
organization.

Technetium-99. Technetium-99 contamination in groundwater within the 200-BP-5 Operable Unit has
been increasing in the past few years. Figure 2.9 shows the distribution of technetium-99 in the aquifer in
2004. Technetium-99 extends from the area of the BY cribs and Waste Management Area B-BX-BY to
the northwest. Technetium-99 is present north of the gap between Gable Mountain and Gable Butte.
Three things are noted in comparing the maps between 1996 and 2004. First, the lateral distribution of
technetium-99 is nearly identical; second, the concentration of technetium-99 has increased near the

BY cribs and B-BX-BY Tank Farms; and third, the extent of basalt above the water table has increased
toward the west owing to the declining water-level elevation.

Peaks in technetium-99 concentration occurred in 2000/2001 and again in 2004 indicating a source or
sources of contamination near these facilities that is more recent than the plume addressed in 1995 during
the treatability study. Technetium-99 has continued to increase since 1996 in most wells north of the
200 East Area. Technetium-99 is elevated north of the gap between Gable Mountain and Gable Butte,
though not above drinking water standards (900 pCi/L).

The maximum technetium-99 concentrations measured in 200-BP-5 Operable Unit groundwater since
1996 were 23,100 pCi/L and 13,300 pCi/L in two wells located within the BY cribs. The source and
pathway for the increasing technetium-99 is currently being investigated as part of the 200-BP-5 remedial
investigation. These results indicate recent and continuing technetium-99 groundwater contamination in
this vicinity. Wells near the single-shell tanks Waste Management Area C also reflect technetium-99
contamination in groundwater. The highest value (8,370 pCi/L) to date was measured in June 2004.
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Figure 2.9. Technetium-99 Distribution in Groundwater in 200-BP-5 Operable Unit — 2005
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Uranium. Uranium contamination in groundwater within the 200-BP-5 Operable Unit has been
increasing since prior to 1992. Figure 2.10 shows the distribution of uranium in the aquifer in 2004.
Significant uranium contamination in the area of the single-shell tanks Waste Management Area
B-BX-BY and the BY cribs was initially observed from 1998 to 1999 in two wells located under and east
of the BY Tank Farm. Elevated values were also found to the southeast near the 216-B-7A and B cribs
and to the north in the BY cribs. The lateral extent in 1997 was limited to a region beneath the BY cribs,
the BY Tank Farm, and the 216-B-7A and B cribs. Over the years, uranium contamination has increased
to the west and south. Currently, uranium contamination extends west from the BY cribs to low-level
burial grounds Waste Management Area 1 and south of Waste Management Area B/BX/BY. There are
lesser concentrations of uranium contamination also increasing north of the 200 East Area boundary.

The levels of contamination have also generally increased between 1997 and 2004. The highest uranium
concentration observed in the 200-BP-5 Operable Unit since 1997 was a value of 805 pg/L in June 2006
at well 299-E33-9. The dropping water table appears to have a potential effect on groundwater flow as
evidence of multiple conceptual models. Continued monitoring and the 200-BP-5 remedial investigation/
feasibility study will attempt to resolve the groundwater flow uncertainty in this area.

The uranium and technetium-99 plumes overlap to some extent, exhibiting some differences in spatial
distribution but similar trend behavior. The patterns of contamination in this area indicate multiple
sources and contaminant migration pathways in the vadose zone. Uranium is also present above the
drinking water standards in isolated wells east of B Plant, and near the 216-B-62 crib.

Nitrate. Nitrate contamination has increased in the 200-BP-5 Operable Unit between 1996 and 2004.
Nitrate contamination migrated north between 1996 and 2004. Figure 2.11 shows the location of the
contamination in 2004. Wells between Gable Gap and the Columbia River had increased to more than
20 mg/L by 1997. Concentrations have increased substantially since 1996 in the vicinity of the BY cribs,
as well. The highest nitrate concentration since 1996 was 1,890 mg/L measured on May 9, 2005. Nitrate
increased significantly in several wells between 1997 and 2001 and continues to be elevated above

400 mg/L in several wells. The plume with levels exceeding the maximum contaminant level extends
toward the west and northwest. The relationship between the recent increases in these wells and the
increases in wells near the BY cribs is not fully understood.

Tritium. The distribution of tritium was largely unchanged between 1996 and 2004. Figure 2.12
illustrates the location of the plume in 2004. However, tritium exceeded the maximum contaminant level
in November 2000 in a well to the northwest and the plume at concentrations below the maximum
contaminant level extended to the Columbia River. Tritium has increased in wells near the BY cribs and
the B-BX-BY Tank Farms and the level increased to a maximum of 118,000 pCi/L in one well on
February 4, 2005. The most recent sample in this well was 68,300 pCi/L.

lodine-129. lodine-129 contamination is present throughout the west portion of the 200-BP-5 Operable
Unit. Like the tritium plume, the iodine-129 plume extends to the northwest toward the gap between
Gable Mountain and Gable Butte. The distribution of iodine-129 has not changed significantly between
1996 and 2004, but the levels of iodine-129 have decreased slightly in several wells. A band of elevated
iodine-129 concentrations (~5 pCi/L) exists in Waste Management Area B-BX-BY. The highest reported
value in this vicinity was 7.00 pCi/L reported in well 299-E33-16 on May 1, 2000.
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Cobalt-60 and Cyanide. Cyanide is found in more than one well at levels above the drinking water
standard (200 pg/L), and cobalt-60 is found in one well at levels above the drinking water standard
(100 pCi/L). The maximum cyanide concentration in this area since 1996, a value of 859 pug/L, was
present in a well located in the northern part of the BY cribs. Cyanide contamination has increased in a
few wells and may be related to past discharges of ferrocyanide waste to the BY cribs.

Elevated cobalt-60 values were detected in wells monitoring the BY cribs, which are believed to be the
source of this contamination. The highest cobalt-60 concentration was 200 pCi/L observed in a well in
the BY cribs area in November 2004. Other wells in the BY cribs vicinity have also had elevated
cobalt-60. Based on observed elevated cobalt-60 concentrations it appears that cobalt-60 in groundwater
extends some distance northwest of the BY cribs.

Cesium-137 and Strontium-90. Cesium-137 and strontium-90 have relatively low mobility and are
generally found near their source. One well near the 216-B-5 injection well has consistently had
concentrations of cesium-137 greater than the drinking water standard (200 pCi/L) but less than the DOE
derived concentration guide (3,000 pCi/L).

Strontium-90 distribution near Gable Mountain Pond has not changed appreciably between 1996 and
2004; however, levels have been declining in recent years after highest levels were reached in 1996 and
1997. The highest value observed since the beginning of 1996 was 1,475 pCi/L from a sample taken in
April 1996.

Several wells near the 216-B-5 injection well have had elevated concentrations of strontium-90. Four
wells have had concentrations of strontium-90 above the drinking water standard (8.0 pCi/L) in FY 2004.
Two of the wells have had concentrations greater than the DOE derived concentration guide

(1,000 pCi/L) in past years and in FY 2004.

Plutonium-239 and -240. Plutonium-239 and plutonium-240 have been detected during past years in
samples taken from several wells near the 216-B-5 injection well. Plutonium is relatively immobile and,
therefore, is found only near the source, which was the injection well. The highest reported plutonium
concentration since 1996 was 81.68 pCi/L for an unfiltered sample collected in June 1996. More
recently, the highest plutonium concentrations have been a filtered value of 5.27 pCi/L and an unfiltered
value of 66.2 pCi/L in a sample from June 2004. The lower concentration in the filtered versus unfiltered
samples suggests that a portion of the plutonium is associated with particulates. The concentration of
plutonium has not exhibited a change in trend in recent years. Wells sampled at the 216-B-5 injection
well site have indicated plutonium levels were below the DOE derived concentration guide in recent
years.

Progress Since Last Review. Since the first five-year review in 2001, sampling and analysis plans have
been developed, new wells have been installed, and data collected from 1996 through FY 2004 and part
of FY 2005. Plume maps have been developed based on the groundwater data collected. Because review
of data for the 200-BP-5 Operable Unit was not included in the last five-year review, current plume maps
are compared to 1996, after the date of the treatability test.

Sample collection was interrupted in 2000 in the 200-BP-5 Operable Unit, and throughout the Hanford
Site, because of waste management issues. Waste management and regulatory requirements mandated
that a sampling and analysis plan and a waste control plan be prepared and approved by EPA before
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sample collection could resume. The groundwater monitoring requirements for the 200-BP-5 Operable
Unit were then documented and a draft sampling and analysis plan was written between September and
December 2001. However, it was determined in April 2002 that a data quality objectives process was
necessary to define the groundwater monitoring objectives and requirements, and a data quality objectives
report was then completed. After the report was approved the Waste Control Plan for the 200-BP-5
Operable Unit was completed and approved. Revisions of the sampling and analysis plan and waste
control plan have been completed and approved by EPA.

Fifteen new monitoring wells have been installed in the 200-BP-5 Operable Unit since 1996; the wells
support groundwater monitoring for RCRA treatment, storage, and disposal sites, CERCLA, and AEA.
The well names, the locations where they were installed, and the date of installation are provided in
Table 2.9.

Technical Assessments Discussion. Based on the outcome of the treatability test report, it was
determined that interim remedial measures for contaminants of concern were not warranted. Since a
remedy has not been determined for groundwater contamination, assessment of protectiveness is based on
groundwater monitoring results. No further evaluation of the risk associated with groundwater has been
performed since the treatability test report; however, groundwater monitoring data have indicated recent
increases in groundwater contamination.

Table 2.9. Groundwater Monitoring Wells in Operable Unit 200-BP-5

Well Name Location Date Completed
299-E33-44 Single-Shell Tanks B-BX-BY CY 1998
299-E33-334 Single-Shell Tanks B-BX-BY CY 2000
299-E33-335 Single-Shell Tanks B-BX-BY CY 2000
699-43-44 216-B-3 Pond CY 2000
299-E33-337 Single-Shell Tanks B-BX-BY CY 2001
299-E33-338 Single-Shell Tanks B-BX-BY CY 2001
299-E33-339 Single-Shell Tanks B-BX-BY CY 2001
299-E27-22 Single-Shell Tank C CY 2003
299-E27-4 Single-Shell Tank C CY 2003
299-E27-21 Single-Shell Tank C CY 2003
299-E27-23 Single-Shell Tank C CY 2003
299-E33-47 Single-Shell Tanks B-BX-BY CY 2004
299-E33-48 Single-Shell Tanks B-BX-BY CY 2004
299-E33-49 Single-Shell Tanks B-BX-BY CY 2004
699-50-59 North of 200 East Area CY 2005

The following factors have the potential to influence cleanup decisions, but it is expected they will be
resolved through the remedial investigation/feasibility study process:

e Source units that have not been remediated. Removal of contamination from waste sites is expected
to have the long-term effect of reducing the amount of contamination that migrates to groundwater.
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The remedial investigation/feasibility study activities for these source operable units will address
remediation of these waste sites.

e The greatest increases in contaminant concentrations have occurred near waste source areas. In
order to address the increasing contamination, a data quality objectives process is underway to
support remedial investigation/feasibility study characterization activities for the 200-BP-5 Operable
Unit.

e The number of monitoring wells in the 200-BP-5 Operable Unit is limited, especially near BY cribs
and B-BX-BY Tank Farms. New monitoring wells are proposed as part of the data quality
objectives process, and the remedial investigation/feasibility study work plan will identify the
number, locations, and characterization requirements of new wells.

e Uncertainty in the extent and mobility of vadose zone contamination. Vadose zone contamination
under the tank farms, cribs, and trenches will continue to be characterized and evaluated to reduce
uncertainty and make cleanup decisions as progress continues under the remedial
investigation/feasibility study process.

Issues and Actions. No issues or actions specific to the 200-BP-5 Operable Unit were identified.
24.4 Decontamination and Decommissioning of Facilities
2.44.1 CERCLA Facility Binning

A report has been prepared listing the facilities on the Central Plateau in groups (bins) with similar
characteristics to facilitate identification of the necessary CERCLA documentation needed to complete
deactivation and decommissioning. This binning effort resulted in the most highly contaminated
facilities, which are listed in the TPA (Ecology et al. 1989), being assigned their own special bin (Bin A).
These facilities will generally require individual RODs and their own associated TPA milestones. The
moderately contaminated facilities (Bin B) may require a few engineering evaluations and cost analyses
to cover all of these facilities. The slightly contaminated facilities (Bin C) will probably require only one
engineering evaluation and cost analysis for all of the facilities. Bin D facilities (non-contaminated) will
be disposed of in landfills. Bin R facilities are those which will be dispositioned under RCRA rather than
CERCLA. Bin X facilities are those with their path forward already determined.

2.44.2 233-S Plutonium Concentration Facility

The 233-S Plutonium Concentration Facility was built in 1955 to expand production and further concen-
trate the plutonium nitrate product solution from the REDOX Plant. The 233-S Facility was decommis-
sioned in 1967. The facility was contaminated from normal operations, a control air line contamination
(1956), and a fire in the process hood (1963). The facility endured over 30 years of freeze-thaw cycles
and had deteriorated significantly. In 1997, it was decided that surveillance and maintenance activities
could no longer adequately protect against the threat of release of radiological and hazardous contam-
inants. An action memo (DOE and EPA 1997) signed by EPA and DOE on March 26, 1997, authorized
the decontamination and dismantlement of the facility. This action was completed (except for shipping
the transuranic waste to Waste Isolation Pilot Plant) in 2004 with the removal of all structures to grade
level. Final remediation will be conducted in coordination with the REDOX Plant.

CERCLA Five-Year Review 2.49 November 10, 2006




2443 Plutonium Finishing Plant

PFP Above-Grade Structures Removal Action. The PFP structures and soil will be decontaminated and
demolished or remediated in phases. The first 